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CHAPTER I 

INTRODUCTION 

Surveys of chromosome numbers and morphological 

variation have Implications for several levels of biological 

science. The information gained from such studies is 

relevant to questions ranging fro.T\ those about the func

tion or adaptive value of having genetic material organized 

as chromosomes to those about the phylogenetic relationship 

of population A to population B. Emphasis here is placed 

on the significance of chromosomal variation in pocket 

gophers with respect to possible adaptive values of chromo

somal evolution in fossorial rodents. 

The pocket gophers which occur in western Texas 

Include 3 genera and 4 species. Thomomys bottae keryotypes 

have been studied in Arizona (Patton and Dingman, 1968). 

Geomys bursarius chromosomes have been reported by Cross 

(1931) and Matthey (1960) for small samples from eastern 

Texas and Kansas. There have been no previous studies of 

chromosomes of Geomys arenarlus and Pappoqeomys castanops, 

nor of Thomo-.Tiys bottae and Geomys bursarius from western 

Texas. 



CHAPTER II 

METHODS AND MATERIALS 

Mitotic metaphase chromosomes were examined from 

113 pocket gophers. 

Preparation of chromosomes followed the technique 

of Ford and Hamerton (1956) as presented in modified form 

by Baker (in press). The following steps describe the 

technique as modified for use with pocket gophers in this 

study. 

1. Inject the animal intropsritoneally with 

0.5 ml of a 0.05 percent Vinblastine (Velban of Eli Lilly 

and Co.) solution. 

2. Two hours later kill the animal and remove the 

f«nur. Remove the flesh and a chip of bone from each end 

of the femur to expose the red bone marrow cavity. Flush 

the shaft with 3 ml of a 1.0 percent sodium citrate solu

tion. Pipette vigorously to break up any cell clumps. 

3. Let the resultant cell suspension set for 

10 to 12 minutes. 

4. Filter the suspension through 1 layer of 

cheese cloth and centrifuge at 500 to 1500 RPM for 3 

minutes. 

5. Discard as much of the supernatant fluid as 

possible being careful to leave the button of cells 

2 
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undisturbed. Add 3 ml of freshly prepared Carney's 

fixative (3 parts absolute methanoli 1 part glacial acetic 

ecld). Floating material and lipids may be removed at 

this stage. Gently disrupt the cell button with a pipette 

until the cell suspension is homogeneous. Allow cells 

to fix for 10 to 12 minutes. 

6. Centrifuge for three minutes at 500 to 1500 RPM 

and decant supernatant fluid. Resuspend cells in 1.0 ml 

of fixative and centrifuge as before. This step Is re

peated 3 times. After final washing, cells are resuspended 

in 1.0 ml of fixative. 

7. Place 3 or 4 drops of cell suspension on a 

clean slide and ignite. When the fire extinguishes itself, 

the residue is promptly slung from the slide. Four slides 

from each specimen are usually made. 

8. Dry slides are stained with Giemsa's stain 

(1 part Giemsa's stock solution to 3 pirts distilled water) 

for 15 minutes. 

9. Pass slides through 2 baths of acetone, 1 of 

acetone and xylol (1:1) and 2 of xylol, then mount under 

a 22 X 40 mm coverslip with Permount. 

Analysis of the karyotype consisted of dividing 

the chromosomes into 2 groups according to the presence 

or absence of consistently distinct second arms, and the 

fundamental number was calculated by giving the value 2 to 



all autosomes with distinct second am\s and the value 1 for 

all others (acrocentrics). Analyses b^sed on fewer than 

5 cells, or on otherwise limited material are noted in the 

presentation of results. Representative metaphase chromo

some spreads were photomtcrographed. Chromosome prints 

were cut out, grouped as biant̂ ed chromosomes or acrocentric 

chromosomes, and arranged in descending order of size in 

each group to facilitate comparisons between Individuals. 

In m«Dst cases sex chromosomes were readily identified by 

comparison of male and female karyotypes. All figures for 

which sex chromosoiies were determined have the X and Y 

or the 2 X's placed in the lower right hand corner. 

Conventional museu.ti specimens of all karyotyped 

animals are deposited in the Collection of Mammals, Biology 

Department, Texas Technological College. 



CHAPTER III 

RESULTS 

The karyotypes of Thomomvs bottae and Geomys 

feurgariUS show both intrapopulation and interpopulation 

variation. Pappoqeomys castanops appears to be highly con

stant in karyotype throughout the northern part of its 

range. S:i\all samples of Tho.Tiomvs u.mbrinus. Geomys arenarlus, 

Geomvs tropicalis, and Pappoqeomys tylorhinus show no 

obvious variation within each sample. Table 1 summarizes 

these data by species and general localities. 

TABLE 1 

SPECIMENS EXAMINED: SPECIES, LOCALITIES, 
DIPLOID NUMBERS, AND FUNDAMENTAL NUMBERS 
(Parentheses Indicate analyses based 

on limited material) 

Species and 
locality 

Thomomys bottae 
Texas 
Crockett County 
Irion County 
Jeff Davis County 
Presidio County 
Reagan County 
Sutton County 

Number 
examined 

ee 

20 

3 
1 
5 

2 
2 

?9 

30 

5 
1 
8 
2 
1 
3 

2N 

76-78 

76,78 
78 
76 
76 
76,78 
76,77 

FN 

110-148 

116, (122) 
(120) 
116 
110 
114,116 
122,125,126 



TABLE 1—Continued 

Species and 
locality 

New Mexico 
Bernalillo County 
Eddy County 
Otero County 
(Sacramento Mountains) 
(Tularosa) 

Mexico 
State of Coahuila 
State of Sonora 

Thomomvs umbrinus 
Mexico 

State of Durango 

Geomvs bursarius 
Texas 

Garza County 
Lubbock County 
Llano County 
Winkler County 

New Mexico 
Chaves County 

Arkansas 
Bradley County 

Number 
examined 

<frf 

1 

3 
2 

1 

2 

11 

3 
1 
4 

1 

2 

?? 

1 
1 

3 
3 

2 

1 

11 

3 
7 

1 

2N 

76 
76 

76 
76 

76 
76 

(70-H ?) 

70-74 

71 
70,71,72 
70 
70 

70 

74 

FN 

148 
120 

146 
110,112 

122 
(144-148) 

(138+ ?) 

63,70,72 

70 
70 
68 
68 

63 

72 

Geomvs arenarlus 
New M2xico 

Dona Ana County 

Geomys tropicalis 
Mexico 

State of Tamaulipas 

Pappoqeomys castanops 
Texas 
Glasscock County 
Ho-ckley County 
Hudspeth County 
Irion County 
Jeff Davis County 

70 88 

1 

1 

1 
2 
1 
1 
4 

20 

2 
2 

3 

38 

46, 

46 
46 
46 
46 
46 

42 

70 

84,78 

84 
84 
84 
84 
84 



TABLE 1—Continued 

Species and 
locality 

Lamb County 
Lubbock County 
Lynn County 
Pecos County 
Reagan County 
Terrell County 

Colorado 
Otero County 

New Mexico 
Otero County 

Mexico 
State of Durango 
State of Neuvo Leon 

PapDOoeornvs tylorhinus 
Mexico 

State of Hidalgo 

Number 
examined 

^<f 

1 

1 

2 

99 

1 
3 
1 
2 
1 
1 

2 

1 

1 

1 

Thomomvs bottae (Eydoux and Gervais) 

2N 

46 
46 
46 
46 
46 
46 

46 

46 

46 
42 

40 

FN 

64 
84 
84 
84 
84 
84 

84 

34 

84 
78 

76 

* 

Diploid numbers from T. Bottae captured in West 

Texas, New Mexico, and Coahuila were 76, 77, and 78. The 

number of autosomal arms (FN or fundamental nu.Tiber) ranged 

from 110 to 148 (Fig. 1). The morphology of the sex 

chromosomes was constant throughout the area studied. The 

X is a large metacentric and the Y is minute (see Figs. 2 

and 3). 

The diploid numbers 77 and 78 were found only on 

the Edwards Plateau (Crockett, Irion, Reagan, and Sutton 
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Counties). A single specimen had 2N = 77 and geographic 

distribution of diploid numbers 76 and 78 suggests a 

mosaic distribution. The fundamental number varies on 

the Edwards Plateau from a high of 126 at Sonora (Fig. 2) 

to a low of 114 to the northwest (Fig. 8). Intermediate 

forms found on the Edwards Plateau were: FN = 125 

(Fig. 3)j FN = 122, a karyotype indistinguishable from the 

specimen from northern Coahuila over 100 T\iles to the 

south (Fig. 4); FN = 116 with 2N = 76, a karyotype indis

tinguishable from that found in the Davis Mountains, Jeff 

Davis County, nearly 200 miles to the west (Fig. 6); 

and FN = 116 with 2N = 78 (Fig. 7). Other populations 

whose karyotypes resemble those of the Edwards Plateau were 

found in the Guadalupe Mountains, Eddy County, Nev/ Mexico 

(Fig. 5); Tularosa, Otero County, New Mexico (Figs. 9, 10); 

and Presidio County, Texas (Fig. 11). There is a high 

degree of similarity between karyotypes from Tularosa 

(FN = 110-112) and Presidio County, Texas (FN = 110). 

Tho.Tiomvs baileyi, according to Bailey (1915), ranged from 

Tularosa to Presidio County. The difference of the Tularosa 

and Presidio County karyotypes from the karyotypes of 

other Thomomys in West Texas is much smaller than the range 

of variation found in Thomomys bottae. This lends support 

to Lane's (1965) and Anderson's (1966) contention that 

T. baileyi and T. bottae are conspecific. 



Samples from the Sacramento Mountains, Otero County, 

and Bernalillo County, New Mexico (Fig. 12) had fundamental 

nu.Tibers of 146 and 148 respectively. No intermediate types 

were found between FN = 126 and FN = 146, although Patton 

and Dlng;T\an (1963) found that in southeastern Arizona 

karyotypes of Thomomys bottae ranged in FN from 130 to 

148. 

A single male from Rio Alamos, State of Sonora, 

Mexico, had 2N = 76. Poor staining prevented reliable 

determination of arm number, but FN appeared to be within 

the range of 144 to 148. 

Thomomvs umbrinus (Richardson) 

Accurate counts on specimens from two localities 

in the state of Durango, Mexico, were prevented by exten

sive overlapping of chromosomes in all cells observed. 

However, more than 70 chromosomes per cell were counted 

in over 10 cells examined from one specimen and no acro

centric chromosomes were observed in the cells of any 

specimen. This indicates a high FN of at least 138. 

Thomomys umbrinus examined by Patton and Dingman (1963) 

had the much lov/er Fl-I of 95. 
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Fig. 1.--Dlstrlbution Map of Chromosomal 1 Types of 
Thomomvs bottae (Eydoux and Gervais) in 
Western Texas and adjacent areas. 
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4A All^lftKftQ «K Ak 4d 

Fig. 1.--K̂ r̂s-Qtypa of a r-'.ale Tlir̂ r̂v̂ ĵ; bottae fro'.n 
Sonora, Sutton County, Texas. 2N = 76 
F.\- - 126. 

Fig. 3. Karyotype of a P'cviale Thomomys bottae from 
S. W. of Sonorc:, Sutton County, Texas. 
2N = 77 H.' =125. 
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8V|jiai)ilMllA^4l 

Aft IB o « • « « • • A^ A. 

Fig. 4.--Karyotype of a Female ThpiiKrû '-s bottae frc; 
V.'. of Ciudad Acuna, Coahuila, i'':xico. 
::; - 76 FN - 12::. 

I. 
Fig. 5.--Karyotype of a Male Thomomys bottae from 

the Guadc.lupc' Mountains, Eddy County, 
Nev: Mexico.' 2N = 76 FN = 120. 
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A * 4ft Aft K« A* 

AA Aft OO nt% A A A r \ A A 

F i g . 6 . - - } ^ rye^ type of a i u i l e Thomomys L o t t a e f r o : , 
t h 3 D3vi^; ' ' 'V>:itains, J e f f D : v i s C o u n t y , 
T e x a : . 2N = 76 Fll = 1 1 6 . 

4 | | | M A I I « « i f A I « wl 

Fig. 7.—Karyotype of a ::ale Tlionrr.̂ ŝ bott? e from 
N. W. of Ozona, Crockett County, Texas. 
2N = 78 FN = 116. 
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O^nOrtO 0^0A nAnn on 

Jl 
Fig. 8.--Karyotype of a M d e T]KJ:̂ q̂ .y. bottae from 

utiles, Reagan County, Texc.s. 2K = 76 
FN = 114. 

#ft #» n — > ^ ^ ^^ 
» 

Fig. 9.--Kr,ryotype of a M le Thomomys bottae from 
Tularosa, Otero County, t̂'ev; Mexico. 
2N = 76 FN = 112. 



] r. 

XIIUtililllA^Ail 
I 6 l i « i 4ft AA tA AH an 
A* «A 

nil 

Fig. 10.--K ryotype of a Female Tliomomys bottae 
from Tularo-.c, Otero County, New 
M'xico. :'N = 7u FN = 110. 

^ A I^A A ^ A ^ 

F i g . 11 . - -Karyo type of a Female Thomorriŷ .s b o t t a e 
from S i e r r a V i e j a , P r e s i d i o County, 
Texas . 2N = 76 Fll = 110. 



K, 

K « f l I f MAnm Alt « « " • 

n 

Fig. 12.—Karyotype of a Female TlDn.Di.u'.s bottae 
from Bernalillo County, Nî v; Mexico. 
2:; = 76 FTN = 148. 
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Geomvs bursarius (Shaw) 

Samples of Geomvs bursarius from Lubbock and Garza 

Counties, Texas, show a p>olymorphic system with diploid 

numbers of 70, 71, and 72 and a constant fundamental number 

of 70. Of 13 specimens from these 2 counties 11 had 71 

chromosomes, a single specimen had 72 chromosomes and the 

remaining specimen had 70 chromosomes. Figures 14 and 15 

suggest that a large acrocentric and a small acrocentric 

are homologous to the long and short arms of the single 

biarmed chromosome in animals with 2N = 71. The 2N = 72 

karyotype had no blarms (Fig. 16) and the 2N = 70 karyotype 

had 2 blarms. The diploid number of 70 and FN = 68 was 

found in all specimens from along the southwestern fringe 

of the species' range (Figs. 13, 17). The X chromosome 

is a large acrocentric or subtelocentric in all specimens 

mentioned above, and the Y is minute. 

Geomys bursarius from Arkansas had 2N = 74. The 

males each had a single blarm chromosome and the single 

female karyotyped had 2 blarms. The constant diploid 

number in the males and the female suggests that the biarm 

is the X chromosome rather than part of an autosomal 

polymorphism like that found in Lubbock County, Texas. 

On the basis of 2 males from Kansas, Matthey (1960) 

concluded that Geomys bursarius had 70 or 72 chromosomes. 
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all acrocentrics. This suggests a close resemblance to 

West Texas specimens. Cross (1931) reported 2N = 84-

for Geomy? in northeastern Texas. Although this high 

number may be a result of less reliable techniques than 

are now available, it seems likely that his specimen was 

more similar to the Arkansas specimens reported here than 

to the western samples. 

Geomvs arenarlus Merriam 

The 3 female Geomvs arenarlus captured from the 

bank of the Rio Grande near Las Cruces, Dona Ana County, 

New Mexico, had 2N = 70 and FN = 83 (Fig. 18). Sex 

chromosomes were not determined due to the lack of a male 

specimen. 

Geo.mvs tropicalis Goldman 

A male from near Altamira, state of Tamaulipas 

had 2N = 38, FN = 70, a medium-sized metacentric X, and 

a small acrocentric Y. Geomys personatus in South Texas 

have 2N = 70 and a higher fundamental number (Lopez, 

personal communication). This large difference in karyotype 

supports Alvarez' (1963) conclusion that Geomys tropicalis 

is specifically distinct from G. personatus. 
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Pappoqeomys castanops (Baird) 

All Pappoqeomys castanops examined, from the state 

of Colorado to the state of Durango, had 2N = 46 and 

FN = 84 (Figs. 19, 20, 21). A single male from the state 

of Nuevo Leon had 2N = 42 and FN = 78 (Fig. 22). The X 

is a large metacentric chromosome and the Y is a medium-

sized acrocentric. 

Pappoqeomys tylorhinus (Merriam) 

The karyotypes of Pappoqeomys tylorhinus from the 

state of Hidalgo, Mexico, with 2N = 40 and FN = 76 resemble 

closely the karyotype of P. castanops from the state of 

Nuevo Leon (Fig. 23). 
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Fig. 13.—Distribution Map of Chromosomal Types 
of Geomys bursarius (Shaw) and Geomys 
arenarlus Merriam in Western Texas 
and Nev7 Mexico. 
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An A'* • « A * • • t f • • mti 

• • Aft 0. 

i-ig. 14 .--Karyotype of a :'.ale Geomys bursarius 
from I.ub)x)ck, Lubbock County, Texas. 
2N = 71 FN - 70. 

Fig. 15 .--Karyotype of a Fcrnrle Geomys bursarius 
from Lubbock, Lubbock County, Texas. 
2N = 71 FN = 70. 
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# ^ ^ 

OA 

Fiq. 16.--'-'aryotype of a Femal^' Geomyr- bursarius 
from Lubbock, Lubbock County, Texas. 
2N' = 72 FN = 70. 

AA AA ̂ 0 All AA A#^ ̂ ^ ^ 00^ 

# '̂ » ^ ^ •• -•• #« A . 

Fig. 17.--Karyotype of a Male Geomys bursarius 
from Kermit, v;Inkier County, Texas. 
2!J = 70 FN = 68. 
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*MA»A««« «»•*«» ^ « . « 

lllft^AOftAHAOftftAftlit 

• • 

Fig. 18.-->''-r-̂ 'otyp'- of a Femal^' Geomys arenarlus 
from Las Cruc^-s, Dona Ar.a County, ̂."ev• 
Mexico. 2N = 70 t^ = 88. 
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P i „ 19 _ _ D i s t r i b u t i o : . Map of Chromosomal Types 
^ ' of Pc/L^^>oaciomys c a s t a n o ^ ( B a i r d ) . 
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XXXKAA.AKKKKK 
AA x?i Ttx/\9^nmtkti, 
M|lMAAAJI»«»j|MAAi(A 

F i g . 20 . -Kc ryo ty t -3 of a I-lale Pappoqeomy?: c a s t a n o p s 
fro:n t h e D a v i s M.>untain.., J e f f Davi.s 
Coui . ty , T e x a s . 2N = 46 FN = 8 4 . 

ttn HA A l «« ̂ H^i^ an 

nA •« K i 

Fig. 21.—Karyotype of a Female Pappoqeomys castanops 
from the state of Durango, Mexico. 
2N = 4 6 FN = 84. 
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ftft ^ A K« AB - • 

F i g . : 2 . - - K a r y o t y } of a M l e P-.ppoceo: .ys ca^j tanops 
fror.i t h e s t a t e of Nueyo Loon, Mexico . 
- : = ':2 FN = 7 8 . 

>»)li'^H«;Ju tihA.iK 

IK U 

Fig. 23.—Karyotype of a :: «le Pappoqeoiiys tylorhinus 
from th^ state- of Hidalgo, Mexico. 
2N = 40 FN =76. 



CHAPTER IV 

DISCUSSION 

The function of chromosomes, beyond that of simply 

carrying genes, are not well known. Swanson, et al. (1967) 

point out some logical explanations for the organization 

of genetic material into chromosomes. First, large numbers 

of genes segregating as independent units would be in

efficient in cell division. Second, linkage of genes 

provides opportunity for evolution of greater control and 

organization than would be possible in many independent, 

randomly oriented units. Consequently, the specific struc

ture of chromosomes is probably under strong selective 

control. Although this conclusion is supported by many 

documented cases of physiological and morphological ab

normalities arising from chromosome aberrations, little is 

known about what conditions might favor the establishment 

of chromosomal changes in natural populations. 

The use of karyotypes as indicators of phylogeny 

is based on Interpretation of the number and types of 

changes necessary to derive a different karyotype from one 

inferred to be ancestral. The direction of chromosomal 

change can sometimes be determined from overlapping changes 

which could have occurred only in one direction (White, 1954) 

27 
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Usually it is necessary to infer the direction of chromo

somal change from less reliable evidence. Supporting 

evidence may be derived from the relationships indicated 

by morphological, physiological, or distributional patterns 

of the organism. Hsu and Arrighi (1968) noted that 

•* . . . species with more acrocentrics are usually con

sidered more primitive than those with reduced diploid 

number but increased biarmed elements." Generalization 

from the "usual" direction of chromosomal change, however, 

may tend to conceal Important exceptions. In at least 

one case, gross morphology indicates the evolution of 

greater numbers of acrocentrics from smaller numbers of 

biarmed chromosomes (Baker, in press). 

Chromosomes function as parts of genetic systems. 

"Genetic system" as used by White (1954) includes the 

organism's mode of reproduction (e.g., dioecious, 

haplodlplold, hermaphroditic), population dynamics (size, 

sex ratio, vagility, extent of inbreeding), chromosome 

cycle, recombination index, and amount and kinds of chromo

somal polymorphism. In passing genetic material from 

generation to generation the genetic system must reliably 

transmit the successful adaptations of previous generations 

as well as provide a flexible basis for meeting nev; con

ditions. Where the environment of an organism is very 

constant, or if the organism is very specialized, the 
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genetic system favored as most efficient should be one 

which minimizes variation. Changing conditions or an 

environment with a variety of opportunities should favor 

a genetic system which produces more variation. However, 

Allard gt al. (1968) note that " . . . rarely if ever have 

several factors been studied simultaneously in a species 

as components of a single integrated system for the regu

lation of variability." 

Chromosomal organization should reflect adaptive 

requirements within a group of organisms in which other 

aspects of the genetic system are relatively constant. 

Although most chromosomal differences may be at the level 

of variation in genes or subn\.lcroscopic chromosome structure, 

many studies suggest correlation of observable variation 

with environmental factors. Correlation of chromosome 

numbers with latitude was discovered by Hagerup (1928) 

in the plant genus Empetrum. The species of this genus 

with greater chromosome numbers grow farther north than 

do the ones with lesser numbers. Stockwell (1935) found 

a similar correlation within the family Cactaceae and 

within the genus Opuntia. Among bats, the families in 

which most species have high diploid numbers, Rhinolophidae, 

Molossidae, and Vespertilionidae (Baker, in press), are 

also the families with the widest latitude of geographic 

range (Koopman and Cockrum, 1967). Variation of both 
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number and morphology of chromosomes- as a result of centric 

fusions or fissions was reported in fossorial rodents of 

the genus Spalax. Raicu, et aj,. (1968) found that specimens 

of Spalax leucodon from the lowlands southeast of the 

Carpathian Mountains in Romania had 2N = 56 while those 

from higher elevations northwest of the Carpathians had 

2N = 50. Wahrman, et al. (1969) found that diploid numbers 

of Spalax ehrenberqi in Israel are 52, 54, 58, and 60. 

The diploid number Increases from north to south. Environ

mental variability may correlate with increasing chromosome 

numbers in each of the above examples. Dorf (1960) noted 

that the climate of the equatorial tropics was very little 

altered even during the glacial maxima of the Pleistocene. 

Annual climatic fluctuations as well as cycles with periods 

in decades and centuries are more variable at higher 

latitudes. Thus, some tropical organisms may have achieved 

the capacity to become established in the temperate zone 

through the greater genetic variability resulting from 

Increased numbers of chromosomes. The trend in Spalax 

appears to be in the opposite direction. The apparent 

contradiction m-y be due to a difference in the environmental 

factors which are most limiting. Annual rainfall is more 

variable and summer temperatures are higher (Espenshade, 

1960) in areas in v/hich Spalax has higher chromosome numbers 

than in areas in v/hich it has lov/er chromosome numbers. 
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McNab (1966) pointed out that normal pathways of heat 

dissipation in mammals are inadequate for fossorial animals, 

hence high temperature extremes may be far more limiting 

than low temperatures. The highest chromosome numbers in 

Spalax ehrenberqi in Israel occur at the edge of the 

species' range bordering the Sinai and J\idean deserts. 

Spalacids and geomylds are ecological equivalents 

of Palearctic and Nearctic regions respectively and are 

not closely related (Wood, 1965). Fossorial adaptations 

evolved independently in spalacids and geomylds. Previous 

karyotypic studies of geomylds of the genus Thomomys shov/ 

the greatest chromosome numbers in Thomomys umbrinus of 

southeastern Arizona and the least in Thomomys talpoldes 

of northern Arizona and Wyoming (Patton and Dingman, 1968; 

Thaeler, 1968). The T. talpoides complex (Thaeler, 1968) 

ranges in diploid number from 40 to 60 in the Rocky Mountain 

states with no apparent geographic trends. Ecological 

differences were noted by Patton and Dingman (1968) betv/een 

T. umbrinus (2N = 78) and T. bottae (2N = 76). Thomomys 

bottae in southeastern Arizona occurs in valleys and at 

high elevations. Thomomys umbrinus occurs on slopes at 

Intermediate elevations. Thomomys bottae occupies areas 

with deeper soils, cooler temperatures, and higher precipi

tation. This habitat probably provides a more stable 

environment than that occupied by T. umbrinus. Although 
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the difference in chromosome number is in the direction 

suggested by the hypothesis stated above, the striking 

difference found by Patton and Dingman is in chromosome 

morphology. Specimens of T. umbrinus had 54 to 56 chromo

somes (acrocentric) compared to zero to 18 acrocentrics 

in T. feottae. Genetic crossovers are known to be inhibited 

in the region of the centromere (Swanson, et al., 1967). 

The terminalization of centromeres decreases the proportion 

of the chromosome near the centromere and may increase the 

frequency of crossing-over. The high number of acrocentrics 

of T. umbrinus in Arizona may be interpreted as a result 

of selection for greater variation by way of genetic 

recombi nations. 

The wide range of karyotypic variation found in 

pocket gophers, especially in the genus Thomomys, admits 

several Interpretations. It is questionable v/hether 

morphological or numerical differences of chromosomes should 

be considered Indicative of species distinction without 

confirmation by direct evidence of reproductive isolation. 

Among populations presently accepted as T. bottae, diploid 

numbers are from 76 to 78 and fundamental numbers range 

from 110 to 148. With similar diploid numbers the funda

mental numbers of populations accepted as T. umbrinus 

include the low fundamental number of 96 as well as much 

higher fundamental numbers. At least 3 interpretations 
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way be derived from the karyotypes now known from the 

T. bottae - T. umbrinus complex: (1) similarity of karyo

type may be strictly indicative of phylogenetic relation

ships, (2) divergence of karyotype between populations in 

contact but with different ecological requirements may be 

selectively advantageous by reducing gene flow betv/een 

populations, (3) parallel and convergent evolution of 

karyotypes may have occurred repeatedly in response to 

similar adaptive requirements. 

The first interpretation would imply an extremely 

complex history of dispersal as well as convergence in 

gross morphology between karyotypically distinct popula

tions. Thomomvs Ufnbrlnus as recognized by Anderson (1966) 

generally differs from Thomomys bottae in size, coloration, 

number of mammae, and the shape of the fronto-maxillary 

suture. Anderson notes that " . . . no single character 

%d.ll suffice to identify all specimens of both species, 

because of Individual variation and because of great geo

graphic variation." Nevertheless, he concluded that reliable 

identification of specimens is possible if several char

acters are used. If Anderson's conclusions are correct, 

karyotypes of the selected populations are poor indicators 

of divergence between the two species. 

The second Interpretation is suggested by the fact 

that the widest differences in karyotype have been found 
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between populations separated by short distances but 

relatively large ecological differences. Fertile hybrids 

between widely differing types found by Patton and Dingman 

(1968) suggest that the divergence is not reproductively 

isolating. However, more data on the hybridization might 

show decreased fertility in the hybrids. An additional 

implication of this interpretation is that if the karyotypic 

divergence were the primary isolating mechanism the geo

graphically Isolated populations of T. umbrinus in Arizona 

would presumably be unable to exchange genes with the 

karyotypically very different populations in the state of 

Durango. Thus, 3 species would be present instead of 2 

unless a gradient of Interfertile populations bridged the 

gap. 

The data on T. bottae and T. umbrinus fit the third 

interpretation quite well. An increase in number of 

acrocentrics and decrease in FN is observed from east to 

west on the Edwards Plateau, Texas, corresponding to in

creasing xerophytic vegetation. Along the western edge of 

this area where Juniper (Juniperus sp.) and mesquite 

(Prosopis sp.) give way to creosote bush (Larrea sp.), 

Pappoqeomys castanops is the prevailing pocket gopher in 

place of Thomomys. Further west, corresponding to general 

decrease and greater annual variation in precipitation, 

the karyotype of T. bottae from the Davis Mountains, Jeff 
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Davis County, was very similar to those from the western 

Edwards Plateau. Ho\>rever, the population sampled is at 

about 4,500 feet elevation, approximately 2,000 feet higher 

than the Edwards Plateau populations. At 6,000 feet in 

the Guadalupe Mountains, Eddy County, New Mexico, the 

number of acrocentrics approaches that found in more 

eastern samples from the Edwards Plateau. The lowest num

bers of acrocentrics found in this study were in populations 

from near 9,000 feet in the Sacramento Mountains, Otero 

County; and Bernalillo County, New Mexico. The highest 

numbers of acrocentrics were found in specimens of Thomomvs 

from the valley in irrigated alfalfa fields at Tularosa, 

Otero County, New Mexico, and in patches of lechuguilla 

(Agave lechuquilla) and prickly pear (Opuntia sp.) in the 

Sierra Vieja, Presidio County, Texas. Lane (1965) found 

significant differences in size and morphology between 

specimens first collected at Tularosa and those collected 

60 years later. This rapid change, apparently resulting 

from the Introduction of irrigated agriculture, indicates 

considerable genetic plasticity. Thomomvs umbrinus re

ported here as having few or no acrocentrics were from 

moist, friable soil near the continental divide in the 

Sierra Madre Occidental, Mexico. Those sampled by Patton 

and Dingman (1968) were generally restricted to "the 

harder soils of the somewhat steeply inclined middle 
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elevations," and had very high numbers of acrocentric 

chromosomes. High numbers of acrocentrics appear to corre

late with aridity or, more generally, with what may be 

considered marginal habitat for the genus Thomomvs- If 

higher numbers of acrocentrics give greater genetic 

plasticity, selection for the karyotype with many acro

centrics is easily visualized. For pocket gophers variable 

rainfall means variation in food supply, and shallow soils 

mean poor insulation from high temperatures. Both heat 

dissipation and utilization of a meager food supply is 

enhanced by smaller size. However, heavier individuals 

are socially dominant (Howard and Childs, 1959). Thus, 

favorable conditions should lead to increase in size. As 

a polygenic character size might be considerably influenced 

by genetic recombinations. Survival through unfavorable 

periods might also require physiological adaptation to 

suboptimal food sources such as more woody vegetation or 

plants with higher salt concentrations in the sap. 

The high diploid number of T. bottae and T. umbrinus 

relative to T. talpoides (Thaeler, 1968) may also be re

lated to selection for greater variability. Thomomvs 

bottae seems to be a more sedentary animal than T. talpoides 

Recording movements of banded gophers, Vaughan (1963) 

found that much greater distances were traveled by T. 

talpoides. Dispersal across unfavorable terrain usually 
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was accomplished by burrowing through snow. Although the 

populations of the two species studied by Vaughan were 

close together and presumably had the same opportunity to 

utilize snow cover, the mean distance moved by T. talpoides 

was nearly 4 times the distance moved by T. bottae. The 

incorporation of greater adaptive flexibility, including 

behavioral mechanisms, in individuals of the species may 

reduce selection for mechanisms which increase genetic 

variability, or greater mobility may provide an alternate 

source of genetic variation through increased gene flow 

between populations. Thus, lower chromosome numbers in 

T. talpoides may be related to greater stability of critical 

environmental factors within its geographic range, greater 

individual adaptability, or alternate mechanisms for pro

ducing genetic variation. If high temperatures and low 

precipitation are considered as significant limiting factors 

for pocket gophers, the higher altitudes and more northern 

latitude occupied by T. talpoides provides a more stable 

environment than is generally found in the regions in

habited by T. bottae. 

With respect to key characters used by Hall and 

Kelson (1959) Geomys arenarlus and G. personatus (including 

G. tropicalis) are more similar to each other than to 

G. bursarius. Geomys arenarlus, G. personatus, and 

G. tropicalis are nov/ widely separated geographically v/ith 
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much of the intervening territory occupied by Pappojeomvs 

pagtanops. Geomvs tropicalis occupies a more meslc area 

near Tampico, Mexico, with higher annual precipitation and 

narrower annual range in temperature than is found to the 

north (Tamayo, 1949). 

The karyotypic data for Geomvs are sketchy but a 

hypothesis dra\>m from what is known may be useful for 

planning future studies. Because of the cost in terms of 

excess offspring necessary with a genetic system which 

produces greater variation, we might expect that older 

inhabitants in an area will have evolved less variable 

genetic systems which produce offspring with greater individ

ual tolerance for the environmental fluctuations character

istic of the area. Geomys tropicalis may represent a group 

separated earlier from the G. arenarlus - G. personatus 

ancestry, with time and stability of the climate permitting 

reduction in number of chromosomes by centric fusions. 

Geomys arenarlus and G. bursarius in West Texas and south

eastern New Mexico may be closely related. Geomys 

personatus may have moved eastv/ard down the Rio Grande from 

populations formerly connected to G. arenarlus. This 

geographic origin of G. personatus v;ould explain the lack 

of hybridization between G. personatus and G. bursarius 

in areas where they come into contact (Kennerly, 1959) 

while allov.'ing for v/hat may be a closer relationship 
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between G. arenarlug and western G. bursarius. Kennerly 

considered G. pergonatug to be a post-Pleistocene arrival 

in southern Texas on the basis of its currently expanding 

distribution, lack of fossils, and widespread occurrence 

of G. )>urffariu§ fossils. Raun and Eck (1967) found a 

^^Q^Ys Jaw up river from the present distribution of 

G. pergonatus. Unfortunately, the species could not be 

determined. 

In the autosomal polymorphism found in Lubbock and 

Garza Counties, Texas, the frequency of the heteromorphic 

karyotype (2N = 71) is greater than Hardy-Weinberg expecta

tions at the .05 level of significance by the Chi-square 

test with one degree of freedoTi. The deviation from ex

pected frequency may simply be the result of heterosis in 

the heterom-orphs. However, three embryos from a single 

heteromorphic female were all heteromorphic, suggesting 

that some mechanism may be operating at an early stage to 

produce more then the expected proportion of heteromorphs. 

Thorneycroft (1966) found that mate selection in white-

throated sparrows (2Sonotrichia albicollis) maintained 

chromosomal polymorphism. A single chromosome was found 

to be responsible for bright plumage. A mating pair always 

forms between a dull bird lacking the special chromosome 

and a bright bird possessing it. The presence of the 2 

homomorphic types in Geomys indicates a somev;hat less 
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efficient system. A very similar polymorphism has been 

found in laboratory albino mice (White and TJlo, 1968). 

In this case the zygotic frequencies are very close to 

Hardy-Weinberg expectations. The greater frequency of the 

heteromorphic condition in Geomvs bursarius may be a result 

of increased frequencies of alleles on other chromosomes 

which have lethal effects in the presence of the homomorphic 

condition. If the heteromorphs have wider Individual 

tolerance to varying conditions, such a shift in allelic 

frequencies might be expected. Diploid numbers of 70 

from the westernmost samples, 74 from the most eastern 

sample, Arkansas, and the 70-71-72 polymorphism suggest 

an increase in the chromosome numbers of Geomvs bursarius 

from west to east. Similarity of G. bursarius karyotype 

from Kansas specimens (Matthey, 1950) to those from West 

Texas may be part of a pattern in which similar karyotypes 

tend to follov/ Isohyets. 

Russell (1968) considers Pappoqeomys castanops 

to be a species so highly adapted to xeric conditions that 

it has in effect moved into a "new adaptive zone" (Simpson, 

1953 p. 349). The species developed on the Mesa del Norte 

of Mexico and expanded northv/ard following the Pleistocene. 

The recency of this expansion plus specialization for 

desert existence may account for the uniformity of karyotype 

from Durango to Colorado, and the relatively low chromosome 
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number. The only variant karyotype came from P. castanops 

fiubnubilu.s, considered by Russell to belong to a group of 

subspecies which evolved separately during the Pleistocene 

and reestablished contact with the rest of the species 

when deserts expanded following the Pleistocene. Another 

subspecies near Alamorgordo, New Mexico, is placed by 

Russell in the subnubilus group. However, a specimen from 

that area had a karyotype indistinguishable from those 

of the excelsus group from which all the remaining samples 

were obtained. The P. c. subnubilus karyotype is more 

like that of Pappoqeomys tylorhinus than like that of the 

P. c. excelsus group. The increase from 40 chromosomes 

in P. tylorhinus to 42 in P. castanops subnubilus to 46 in 

the P. c. excel sus group from south to north again cor-

resjx^nds with decrease in altitude and increasingly desert

like conditions. 



CHAPTER V 

SUMMARY 

Examination of karyotypes from 7 species in 3 genera 

of geomylds revealed geographic variation in the 3 species 

from which widely distributed samples were obtained. In

cluding results from other studies, Thomomvs bottae varies 

in diploid number from 76 to 78, and in fundamental number 

from 110 to 143. Thomomys umbrinus with diploid number 

similar to T. bottae includes both the low FN of 96 as well 

as higher numbers overlapping the range of T. bottae. Lower 

fundamental numbers are found in habitats which may be 

marginal for the genus Thomomys. Diploid numbers in Geomys 

suggest a possible close relationship between Geomys 

bursarius from the southwestern margin of its range and 

Geomys arenarlus, and between G. arenarlus and G. personatus. 

The low diploid number of 38 in G. tropicalis may have 

developed from the 70 chromosomes characteristic of its 

nearest relatives. This large difference in karyotype may 

be the result of long separation from Geomys to the north 

combined with a stable coastal environment favorable to 

reduction in chromosome number. Chromosomal polymorphism 

with diploid numbers 70-71-72 in a 1: 11: 1 ratio was found 

in G. bursarius from Lubbock and Garza Counties, Texas. 

42 
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Diploid numbers of 70 from the westernmost samples, 74 from 

the most eastern sample, Arkansas, and the 70-71-72 

polymorphism suggest an increase in the chromosome numbers 

of Geomys bursarius from west to east. Similarity of 

G. bursarius from Kansas specimens (Matthey, 1960) to 

those from West Texas may be part of a pattern in which 

similar karyotypes tend to follow isohyets. Pappoqeomys 

castanops possesses a high degree of constancy in karyotype 

throughout a large part of its range. This may be due 

to recent expansion from a small area and high degree of 

adaptedness to desert conditions. Pappoqeomys tylorhinus, 

P. castanops subnubilus, and all other P. castanops sampled 

have respectively 40, 42, and 46 chromosomes. Hypotheses 

suggested as possible explanations for the karyotypic 

variation found are: (1) number and morphology of chromo

somes are important regulators of genetic variation in 

fossorial rodents, (2) reduced genetic variability may be 

related to greater Individual flexibility or isolation of 

a population in a more stable environment than that typical 

for a species, and (3) increased genetic variability v/ithin 

populations may be related to inhabitation of situations 

less buffered against climatic fluctuations (e.g., shallow 

soils). 
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APPENDIX: COLLECTION RECORDS 

Slides prepared for the study of mitotic metaphase 

chromosomes are catalogued and stored according to the 

numbers following "TK." 

Thomomvs bottae (Eydoux and Cervals) 
Texas 
Crockett County 

27 miles by road N.W. Ozona, one female, TK 187. 
25 miles by road N.W. Ozona, one female, TK 188. 
17 miles N.W. Ozona on Texas 137, two males, 

TK 189, 323. 
8 miles S. Ozona, one female, TK 320. 
15 miles N., 11 miles W. Ozona, one male, TK 321. 
11 miles N.W. Ozona on Texas 137, one female, 

TK 322. 
7 miles E. Ozona, female, TK 940. 

Irion County 
4 miles N. Barnhart, one male, one female, 

TK 325, 337. 
Jeff Davis County 

9 miles N.E. Fort Davis, one male, TK 904. 
9.5 miles N.E. Fort Davis, two males, TK 918, 919. 
11 miles N.E. Fort Davis, one male, four females, 

TK 914, 915, 916, 917, 925. 
11.7 miles N.E. Fort Davis, one male, TK 921. 
12 miles N.E. Fort Davis, one female, TK 922. 
0.5 miles N. Wildrose Pass on Texas 17, one female, 

TK 923. 
1.7 miles N.E. Wildrose Pass on Texas 17, one female, 

TK 924. 
Presidio County 
Clay Miller Ranch, Sierra Vieja, two females, 

TK 948, 949. 
Reagan County 

6 miles S.E. Stiles, one male, TK 134. 
3 miles S.E. Stiles, one male, TK 144. 
4 miles W. , 4 miles S. Big Lake, one female, 

TK 334. 
Sutton County 

2 miles S. Sonora, one female, TK 160. 
1.9 miles S. Sonora, one male, TK 196. 
20 miles W. Sonora, one male, TK 937. 
5 miles W. Jet. U.S. 277, FM 189, one female, TK 938 
1 mile W. Jet. U.S. 277, FM 189, one female, TK 939. 
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New Mexico 
Bernalillo County 
S. suburbs of Albuquerque, one female, TK 253. 

Eddy County 
Guadalupe Mountains, N 32°6', W 104° 45', one male, 

one female, TK 943, 944. 
Otero County 

Sacramento Mountains, Lightning Lake, 14 miles S. 
Cloudcroft, tv/o males, three females, TK 304, 
305, 306, 307, 453. 

Sacramento Mountains, 3 miles S. Jet. New Mexico 
24 and New Mexico 130, one male, TK 952. 

Tularosa, two males, three females, TK 953, 955, 
956, 957, 959. 

Mexico 
State of Coahuila 
Rancho Del Chupadero N 29° 24' , W 101*̂  51', one 

female TK 405. 
Serranlas de Burro, 6.7 miles N.W. Las Pillas, 

Rancho El Infante, one female, TK 404. 
State of Sonora 
Rio Alamos, one m^le, TK 236. 

Thomomvs umbrinus (Richardson) 
Mexico 

State of Durango 
Highway 40, kilometer marker 1113, two males, 

TK 232, 233. 
Hlghv;ay 45, kilometer marker 1035, one female, 

TK 234. 

Geomvs bursarius (Shaw) 
Texas 
Garza County 

4 miles E. Justiceburg, two females, TK 315, 316. 
3 miles N.W. Post, one female, TK 945. 

Llano County 
9.3 miles N. Jet. Texas 29 and Texas 16, one male, 

TK 901. 
Lubbock County 
Railroad right of v:ay in S.E. Lubbock, three males, 

three females, TK 311, 554, 554.1, 554.2 
554.3, 553. 

6 miles S. E. Lubbock, three females, TK 127, 
128, 129. 

2 miles E. Idalou, one female, TK 958. 
Winkler County 

13 miles on Texas 115 N.E. Kermit, one male, TK 907. 
11 miles on Texas 115 N.E. Kermit, one male, TK 908, 
10 miles N.E. Kermit, two males, TK 946, 947. 
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New Mexico 
Chaves County 

5 miles W. Caprock, one male, TK 934. 
Arkansas 
Bradley County 

8 miles W. Warren, two males, one female, TK 507, 
508, 515. 

Geomyg arenarlu*? Merriam 
New Mexico 
Dona Ana County 

E. bank of Rio Grande, Las Cruces, three females, 
TK 502, 951, 954. 

Geomvs tropicalis Goldman 
Mexico 

State of Tamjulipas 
2.5 miles S. Altamira, one male, TK 962. 

Pappoqeomys castanops (Baird) 
Texas 
Glasscock County 

20 miles by road S. Stanton, one male, one female, 
TK 131, 132. 

19 miles by road S. Stanton, one female, TK 133. 
Hockley County 

7 miles S. Levelland, one female, TK 118. 
6 m i l e s S .E . Anton on U . S . 8 4 , tv/o ma le s , one 

female, TK 910, 911, 912. 
Hudspeth County 

1 mile E. Cornudas, one male, TK 960. 
Irion County 

22 miles N. Barnhart, one male, TK 312. 
Jeff Davis County 
Limpia Canyon, 4 miles N.W. Fort Davis, one female, 

TK 279. 
1 mile S.E. Fort Davis, one female, TK 280. 

Limpia Canyon, 9 miles N.E. Fort Davis, four males, 
one female, TK 903, 905, 906, 941, 942. 

Lamb County 
11 miles E. Littlefield, one female, TK 909. 

Lubbock County 
Lubbock Municipal Airport, Lubbock, one male, tv/o 

females, TK 130, 139, 600. 
W. Lubbock City Limits, one female, TK 298. 

Lynn County 
1 mile E. West Point, one female, TK 156. 

Pecos County 
33 miles S. Fort Stockton, two females, TK 277, 278. 
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Reagan County 
3 miles N.E. Stiles, one female, TK 145. 

Terrell County 
24 miles S. Sheffield, one female, TK 256. 

Colorado 
Otero County 
La JXinta, tv/o females, TK 326, 327. 

New Mexico 
Otero County 

5 miles S. Alamogordo, one female, TK 950. 
Mexico 

State of Durango 
Highway 45, kilometer marker 1200, one female, TK 235 

State of Nuevo Leon 
8 miles by road S. San Roberto Junction, one male, 

TK 542. 

Pappoqeomys tylorhinus (Merriam) 
Mexico 

State of Hidalgo 
6 miles S. Pachuca, two males, one female, TK 534, 

535, 543. 








