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INTRODUCTION 

Zones of hybridization between chromosomally characterized 

populations offer a unique opportunity to study the role of chromosomal 

changes in evolution. Potential effects of chromosomal changes range 

from no reduction in gene flow to complete reproductive isolation. 

Instances of no hybridization, hybridization with reduced or no gene 

flow, and hybridization with apparent extensive interbreeding between 

chromosomally characterized taxa of mammals have been reported (for a 

summary see Baker et_ al., 1975), Previous studies provide little evidence 

that extent of gene flow is directly related to the magnitude of 

chromosomal difference between hybridizing populations. For example, 

non-Robertsonian differences in diploid number are associated with both 

considerable gene flow (Baker et^ ̂ , , 1975) and reduced or no gene flow 

(Patton, 1973; Patton elt al., 1972; Wahrman et al., 1969a., 1969b̂ ; and 

Nevo and Shaw, 1972), Pericentric inversions, limited to changes in 

chromosome morphology, do not impose a meiotic penality in chromosomally 

heterozygous individuals of Thomomys bottae because chiasmata are reduced 

in number and terminally located (Patton, 1972). Consequently, 

karyotypically distinct populations are capable of gene exchange (Patton 

and Dingman, 1970). Likewise, Robertsonian differences in karyotypes 

do not generally cause a reduction of fertility in heterozygous individuals, 

Therefore, gene flow such as that found by Thaeler (1974) between races of 

Thomomys talpoides at the "contact zone west of Denver" should be expected. 

Still, no adequate theory exists that predicts the outcome of interactions 

between two chromosomally differentiated populations with imperfect 

isolating mechanisms. Such theory can only be formulated and tested when 



enough hybridizing or potentially hybridizing populations have been 

studied. Due to their high degree of chromosomal variability, pocket 

gophers (Geomyidae) are a promising group for such investigations. 

Contact zones between species or chromosomal races of the genus Thomomys 

have been studied by Patton (1973), Patton £t al. (1972), Patton and 

Dingman (1968), and Thaeler (1968^, 1972, 1974). 

Chromosomal races of the genus Geomys also are common (Davis et^ ̂ . , 

1971; Hart, 1971; Kim, 1972; Williams and Genoways, 1975) and four such 

races of Ĝ. bursarius major recently were reported by Baker et^ al. (1973) , 

with each race designated by an Arabic letter as follows: race A—2N=70, 

FN=68; race B~2N=70, FN=70; race C~2N=70, 71, or 72, FN=72; race D~2N=70, 

71, or 72, FN=70. These same Arabic letter designations will be used 

throughout this report. Subsequently, two of these races, A and B, have 

been assigned to a new subspecies, G^, b̂ . knoxjonesi (Baker and Genoways, 

1975). Races other than A and B appeared to be allopatric (Baker et al., 

1973) due to ecological barriers and the presence of populations of another 

pocket gopher, Pappogeomys castanops. 

This study was initiated to determine the extent and nature of a 

contact zone between chromosomal races B and C (Fig. 1) in eastern 

New Mexico. Once such a contact zone was located, an endeavor was made 

to document the following: 1) distribution of cytotypes within the zone 

of contact; 2) frequency of hybridization within the zone of contact; 

3) ecological relationships of the hybrids and parental types; 4) extent 

of morphological differentiation between the parental types; and 5) 

comparison of reproductive potential of hybrids and parental types. 



RT
. 

25
2 

• • 

• 

• 
T 

< 

LH 

' 

• • • • 
• • • • 

PARENTAL TYPE WITH 
PARENTAL TYPE WITH 
HYBRID WITH 2N=71; 

• 
• 
• 

2N=70; FN: 
2N=71,72; 
FN=71 

I - . — 

Inii 

I k m -

. • . V i 

• 

* • 

• 

• • • • • • • 
• • • • 

V 

= 70 
FN=72 

• • 

• 
• • 
• • 

• • 
• 

• • 

• • 

• • 
• 
• 
• 
• 

• • 
T • 

• • • • 
• • • • 

• • 
A 

• 
6 
4 

< 
CD 
UJ 
O • 

• • v v B • 
• 

E
LT

 C
O

 
R

O
O

S
E

V
 

FIGURE 1. Geographic distribution of parental types and 
potential F.. hybrids in a zone of hybridization between races 
of Geomys bursarius. 



MATERIALS AND METHODS 

A total of 188 gophers was live trapped (Baker and Williams, 1972), 

130 of these taken from the zone of contact. Trapping localities were 

recorded to the nearest 0.16 kilometer (km) and later plotted on a 

photographic enlargement of portions of the Clovis and Fort Sumner 
« 

(1:250,000) United States Geological Survey topographic maps. Samples of 

top soil were taken at most capture localities for color analysis. 

Karyotypic preparations were made (Baker, 1970) with a minimum of 

10 spreads counted for each animal included in this study. Fundamental 

number (FN) is defined as the number of arms of the autosomal chromosomes. 

The terms metacentric, submetacentric, subtelocentric, acrocentric, and 

cytotype are used as defined by Patton (1967) and Muntzing (Reiger et al., 

1968). Reproductive tracts were preserved in Bouin*s fixative, and 

sectioned serially at 10 micra, mounted on slides as interrupted serials 

(one section in 10), and stained with hematoxylin and eosin. All animals 

were prepared as standard museum specimens (skin and skull) and deposited 

in The Museum, Texas Tech University. 

External measurements used in morphometric analyses were total 

length (TL), length of tail (LT) and length of hind foot (HF). Cranial 

measurements as defined by Russell (1968) were greatest length of skull 

(GLS), condylobasal length (CBL), zygomatic breadth (ZB), mastoid breadth 

(MB), breadth of braincase (BBC), interorbital breadth (IB), length of 

nasals (LN), length of rostrum (LR), length of maxillary toothrow (LMT), 

and palatofrontal depth (PFD). Abbreviations following each measurement 

are used to identify that measurement in Tables 1 and 2 and the remainder 

of the text. 



Descriptive statistics and a single classification analysis of 

variance (ANOVA) were computed using SIMPLE, a generalized statistics 

program developed by Charles T. Gaskins of Texas Tech University. 

Duncan's New Multiple Range Test (BMD07V) was used to determine 

maximally nonsignificant subsets between both parental cytotypes and 

the potential F hybrids. Stepwise discriminate analysis (BMD07M) was 

employed to assess the amount of morphological differentiation between 

the two parental cytotypes collected at the zone of contact. 

Chromosomally intermediate animals from the zone of contact and animals 

with parental cytotypes from areas outside the zone of contact were 

projected onto the resultant canonical vector to ascertain their 

phenetic affinities. For the mechanics and advantages of these analyses 

see Baker ̂  ^ . (1972), Patton (1973), Atchley (1974), and Baker et al. 

(1975). All univariate and multivariate procedures were executed on 

the IBM 360-50 computer at Texas Tech University, 



RESULTS 

Distribution of Cytotypes and Frequency of Hybridization 

Chromosomal race C was defined by Baker et^ al. (1973) as a 

polymorphic race (2N=70, 71, and 72, FN=72) having 66 acrocentric 

elements, two small biarmed elements, and one of the following 

combinations: 1) two large submetacentric elements; 2) one large 

submetacentric and two acrocentric elements; or 3) four acrocentric 

elements. Within or near the contact zone, the last combination was 

found in all animals except one, which had the second combination. All 

animals of chromosomal race B (2N=70, FN=70) exhibited 66 acrocentric 

and two small biarmed autosomes. As none of the variation in biarmed 

elements is sexual, the X and Y are assumed to be acrocentric in both 

races. In the zone of hybridization (with one exception, noted above), 

karyotypes of races B and C differed by two in diploid number. 

Potential F hybrids should have one of the karyotypes intermediate 

to the parental types (Figs. 2 and 3). Because the polymorphism of 

race C was virtually limited to the 2N=72, FN=72 form, all potential 

F hybrids were found to have a diploid nimiber of 71 and a fundamental 

number of 71 (Fig. 2). Throughout the zone of hybridization, chromosomal 

race B is generally distributed to the southwest, whereas race C 

occupies the areas to the north and east (Fig. 1). This distribution 

roughly correlates with a complex change in soils (see below) and 

hybridization occurs within the ecologically intermediate areas. Within 

the five-square-kilometer zone of hybridization, 18 percent (21) of the 

116 karyotyped animals had the potential F^ hybrid karyotype, 47 percent 

(54) had an apparent race B parental karyotype, and 35 percent (41) had 
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FIGURE 2. Karyotypes of chromosomal race B, potential F 
hybrids, and chromosomal race C. 
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an apparent race C parental karyotype (Fig. 1). Seventeen additional 

gophers taken to the east of this zone had a race C karyotype. One 

individual of each parental cytotype was captured at a locality 16.1 km 

north of the study area (6.3 mi. S, 0.3 mi. E Taiban), but no hybrids 

were identified in this limited region. 

Ecological Relationships of the Hybrids and Parental Types 

Previous studies have shown that distribution of pocket gophers is 

correlated with soil types (Miller, 1964; Thaeler, 1968b; Hendricksen, 

1972; Best, 1973; and Patton, 1973) and pelage color of gophers closely 

matches the color of soil where they live (Ingles, 1950; Hendricksen, 

1972; and Patton, 1973). 

Both chromosomal races of JG. bursarius knoxjonesi appear to be 

restricted to deep sandy soils with race B restricted to aeolian soils 

associated with the Pecos Valley (Baker ̂  al., 1973). On the study area, 

sands are moving from the southwest to the northeast, with the deepest 

sands occurring in the southwest. These deep, azonal sands are part of 

the Tivoli-Jalamar-Redona association (Maker et^ a]^., 1971) . At the 

eastern edge of the zone of hybridization, Tivoli fine sands form a mosaic 

with Springer loamy fine sands and Clovis loamy fine sands. Both of the 

latter soils have a surface layer of granular fine sandy loam 15 to 30 

centimeters (cm) deep with a sandy clay loam subsoil. Further east, there 

are even more indurate soils of the Amarillo-Clovis loam association (Ross 

and Bailey, 1967). Reflectance of soil samples from across the zone of 

hybridization demonstrated a wide variation of values (Fig. 4). However, 

soil samples farther to the east were generally darker. This change in 

color corresponds with the occurrence of the more indurate soils found in 
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the Amarillo-Clovis loam association. Both chromosomal races B and C 

have been captured in the deep Tivoli sands, but race B is apparently 

limited to these by either the subsoils of adjacent soil types or the 

presence of race C, The two specimens from the locality 16,1 km to the 

north seem to fit this pattern of distribution. When reflectance values 

of soil samples and the adult study skins from the same site were matched 

and plotted on a scatter diagram (Fig, 5), three things were readily 

apparent: 1) individuals of race C are darker than those of race B; 

2) specimens with a hybrid karyotype are intermediate in color; 3) all 

animals are darker in color than the top soils. 

Morphological Differentiation Between the Parental Types 

Adult females and males from the zone of contact were used as 

reference samples to assess morphological differentiation between 

parental cytotypes and phenetic affinities of chromosomally intermediate 

individuals. Chromosomal race B females were shown by the univariate 

analyses to be significantly different from either chromosomal race C 

or potential F hybrid females (Table 1), Sample means of race B females 

were significantly smaller (ANOVA) for all measurements except LT, IB, 

and LMT, For all significantly different measurements, the SS-STP 

analyses divided females into two nonoverlapping subsets—one containing 

race B females, and the other containing race C and potential F hybrid 

females (Table 1). The same pattern was generally true for males (Table 2) 

Seven variables for each sex were utilized in the step-wise 

discriminate analyses. Characters (listed in order of decreasing 

discriminatory value) used for females were: 1) CBL, 2) LT, 3) IB, 4) ZB, 

5) PFD, 6) LN, and 7) LMT, Characters (listed in order of decreasing 



TABLE 1, Variation in external and cranial measurements of 
female gophers having chromosomal complements of race B, 
intermediates (potential F hybrids), or race C, Means and 
ranges are given in millimeters, and significance levels 
are ns=not significant, **=p£0,01, *=p<^0.05. 
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DIPLOID 
NUMBER 

N MEAN + ISE RANGE CV 
F=5.66 

RESULTS 
SS-STP 

70 12 213.2 ± 2.21 199.0-229.0 3.6 13.55** 

TL 71 6 231.0 ± 6,15 216,0-256,0 6,5 

72 8 233,9 ± 2,40 224,0-242.0 2.9 

70 12 71.8 ± 2.00 58.0-84,0 9,6 1.53ns 

LT 71 73.0 ± 1.97 64.0-78,0 6.6 

72 8 76.5 ± 1.83 69.0-84.0 6.8 

70 12 26.9 ± 0.31 25.0-29.0 4.0 5,63* 

HF 71 6 28,2 ± 0,48 27,0-30,0 4,2 

72 8 28.6 ± 0.46 26.0-30.0 4.5 

70 12 38.8 ± 0.22 37.7-40,9 2.0 23.46** 

GLS 71 6 41.2 ± 0.68 38.3-43.2 4.0 

72 8 41.8 ± 0.23 40.6-42.7 1.6 

70 12 38.1 ± 0.21 37.3-40.2 1.9 22.30** 

CBL 71 6 40.4 ± 0.71 37.2-42.1 4.3 

72 8 41.0 ± 0.17 40.5-41.9 1.2 

ZB 

70 

71 

72 

12 22.8 ± 0,24 22.0-25,0 3,6 11,93** 

24.2 ± 0.37 22.5-25.2 3.8 

8 24.4 ± 0.24 23.4-25.4 2.7 



TABLE 1 Continued 14 

DIPLOID N 
NUMBER 

70 

MEAN + ISE RANGE CV 
F=5.66 

12 21.8 ± 0.16 21.4-23.4 2.5 14.25** 

RESULTS 
SS-STP 

MB 71 23.2 ± 0.24 22.2-23.9 2.6 

72 8 23.3 ± 0.33 22.2-25.2 4.0 

70 12 17.6 ± 0.13 17.0-18.6 2.6 8.53** 

BBC 71 18.5 ± 0.19 17.9-19.2 2.5 

72 8 18.5 ± 0.24 17.7-19.7 3.7 

70 12 5.8 ± 0.08 5.4-6.4 4.8 

IB 71 6 6.1 ± 0.16 5.6-6.5 6,5 

72 8 6,0 ± 0,08 5,7-6,3 3,6 

2,55ns 

LN 

70 

71 

72 

12 12,8 ± 0.16 

6 13,6 ± 0.31 

11.8-13.8 

12.7-14.9 

8 14.0 ± 0.24 13.1-15.2 

4.4 

5,6 

4.9 

8.92** 

LR 

70 

71 

72 

12 15.8 ± 0.16 15,0-17,2 3.5 22.40** 

6 17.1 ± 0.33 15.6-17,7 4,7 

8 17,6 ± 0,19 16,9-18.6 3.1 

LMT 

70 

71 

72 

12 8,2 ± 0,06 

8 

8,6 ± 0,19 

8.4 ± 0,12 

7,8-8,6 

7,9-9.1 

8.0-9.0 

2.6 3.25ns 

5.3 

4.1 

PFD 

70 

71 

72 

12 14.5 ± 0.11 14.0-15.4 2.7 14.64** 

15.5 ± 0.25 14,6-16.1 4.0 

8 15.4 ± 0.13 14.9-16.0 2,4 
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TABLE 2, Variation in external and cranial measurements of 
male gophers having chromosomal complements of race B, 
intermediates (potential F hybrids), or race C, Means and 
ranges are given in millimeters, and symbols for significance 
levels are ns=not significant and **=p<^0.01. 

DIPLOID 
NUMBER 

N MEAN + ISE RANGE CV 
F=6.11 

RESULTS 
SS-STP 

TL 

70 

71 

72 

9 227.6 ± 3.04 210.0-243.0 4.0 19.22** 

2 255.0 ±10.00 245.0-265.0 5.5 

8 258.0 ± 4.00 240.0-274,0 4,4 

LT 

70 

71 

72 

75,9 ± 2.51 

85,5 ± 9.50 

8 83.2 ± 2,85 

67,0-90.0 

68.0-93,0 

9,9 

76,0-95.0 15,7 

9.7 

2,18ns 

HF 

70 

71 

72 

28,6 ± 0.41 27,0-31.0 4,3 

2 29.0 ± 0,00 0.0 

8 30.0 ± 0,38 28,0-31.0 3.6 

3.54ns 

GLS 

70 

71 

72 

9 42.0 ± 0.43 40.6-44.2 3.1 18.81** 

2 45.0 ± 1.40 43.6-46.4 4.4 

8 46.0 ± 0.47 43.4-47.9 2.9 

CBL 

70 

71 

72 

9 40.8 ± 0.34 39.9-42.8 2.5 25.24** 

2 43.8 ± 1.20 42.6-45.0 3.9 

8 44.8 ± 0.43 42.4-46.6 2.7 

ZB 

70 

71 

72 

9 25,0 ± 0,28 24.0-26,2 3.3 8.65** 

2 27.2 ± 0.65 26.5-27.8 3.4 

8 27.5 ± 0.59 24.9-29.9 6.1 



TABLE 2 Cont inued 16 

MB 

DIPLOID N MEAN + ISE 
NUMBER 

72 

RANGE 

8 26.3 ± 0,45 24,1-27.8 

CV 

4.9 

F=6.11 

70 9 23.5 ± 0.20 ^ 22.8-24.5 2.5 20.22** 

71 2 25,6 ± 0,10 25,5-25,7 0,6 

RESULTS 
SS-STP 

BBC 

70 

71 

72 

18,0 ± 0.15 17,6-19,1 

20.1 ± 0.50 

8 19.4 ± 0.27 

19.6-20.6 

18.3-20.4 

2.5 16.87** 

3.5 

3.9 

IB 

70 

71 

72 8 

5.8 ± 0.09 

6.2 ± 0.10 

6.0 ± 0.11 

5.4-6.3 

6.1-6.3 

5.6-6.7 

4.7 

2.2 

5.3 

2.78ns 

LN 

70 

71 

72 

14.4 ± 0.30 

15.6 ± 0.95 

8 16.2 ± 0.39 

13.1-15.5 6.3 

14.7-16.6 8.6 

14.8-18.4 6.8 

6.84** 

LR 

70 

71 

72 

17.3 ± 0.29 16.1-18.9 5.0 14.71** 

18.8 ± 0,75 18,0-19,5 

8 20.0 ± 0.40 18.1-21.7 

5.6 

5.7 

LMT 

70 

71 
/ 

72 

8.4 ± 0.13 8,0-9,2 

8,6 ± 0,05 8,5-8.6 

8 9,0 ± 0.16 8.5-9.5 

4.5 5.65ns 

0.8 

4.9 

PFD 

70 

71 

72 

9 15.3 ± 0.21 14.2-16.5 4.0 14.28** 

2 15.8 ± 0.35 15.4-16.1 3.1 

8 16.8 ± 0.19 16.0-17.5 3.2 
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discriminatory value) used for males were: 1) CBL, 2) TL, 3) HF, 4) PFD, 

5) GLS, 6) ZB, and 7) LMT. Results of the canonical analysis depicted 

in Fig. 6 show that reference populations of the two chromosomal races 

are distinctly separated except for one 2N=70 female. However, 

chromosomally intermediate animals are not morphologically intermediate. 

With one exception, potential F hybrid females phenetically more 

closely resemble chromosomal race C females. No pattern is discernible 

for the two chromosomally intermediate males. 

Comparison of Reproductive Potential of Hybrids and Parental Types 

Data are insufficient to establish the reproductive condition of 

males for each month of the year, but a single prolonged period of 

reproductive activity from late October to early April is indicated for 

both cytotypes. Average testicular length of adult males increases 

beginning in October (mean=17, N=6), reaches a peak in January through 

February (mean=18.5, N=8), and decreases in mid-April (mean=ll, N=3). 

Histological examination of gonads showed active spermatozoa production 

in some animals of both chromosomal races in October, November, and 

January through April. Again the peak appeared to be during January and 

February. No samples were available for December. During June and 

July, burrowing activity of the gophers was so reduced that only four 

specimens were captured. None of the five hybrid males contained sperm 

in either the epididymis or testis, but only one of these was captured 

during the peak of the breeding season. The epididymal tubules of this 

animal were packed with cellular debris and the testicular tubules 

were aspermatic, 

A pregnant gopher of both cytotypes was captured in February and 
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March, One chromosomal race B female, containing two embryos (crown-rump 

length=28 mm) was captured during November. One pregnant hybrid with two 

embryos, each having a crown-rump measurement of 14 mm, was captured in 

February. Both embryos appeared normal, well developed, with no 

indication that the hybrid condition had resulted in deleterious effects. 



DISCUSSION 

Distribution of chromosomal race B within the zone of contact and 

at the locality 16.1 km north, corresponds with the pattern of aeolian 

sands in the Tivoli-Jalamar-Redona soil association. Individuals of 

this race have also been captured in areas of sandy soils along the 

Pecos Valley, and Taiban Creek. (See map in Maker et̂  al., 1971). This 

zone of hybridization has apparently developed as a result of movement 

of aeolian sands from the Pecos Valley, and subsequent invasion of 

gophers of chromosomal race B into the range of chromosomal race C. The 

zone where hybridization presently occurs is not coincident with the 

leading northeast edge of the aeolian sands. This situation may result 

from behavioral interactions, ecological factors such as depth of sand, 

or other factors not readily evident. Both the general distribution of 

the parental cytotypes and results of the close matching in color of 

pelage and soil suggest that chromosomal race B is adapted to pale 

colored, deep sandy soils whereas race C is primarily associated with 

darker more indurate soils. Race C has been captured near Melrose, 

New Mexico, in aeolian soils where race B is absent. The foregoing data 

suggest that a suite of ecological and behavioral interactions dynamically 

limit the geographic area simultaneously occupied by both races. 

Consequently, the geographic area of the hybrid zone is narrow and the 

production of hybrid individuals is limited to this zone. These factors 

may account for the low frequency of apparent F hybrid production. 

The anomalous morphological affinities of the apparent F hybrids 

with chromosomal race C has several possible explanations. First, the 

reference samples are composed of animals from the zone of contact 

20 



21 

rather than allopatric populations. Therefore, the samples could be 

biased due to gene flow. This seems unlikely because race C animals 

from outside the zone of contact were projected onto the canonical 

vector amid race C animals from the zone of contact (Fig. 6). Second, 

race C characters may be genetically dominant. Third, heterosis may be 

occurring in the hybrids, resulting in larger individuals similar to 

race C individuals. Fourth, the zone of chromosomal hybridity may not 

correspond to the zone of genetic hybridity. Fifth, backcrosses and F 

individuals may be occurring (Fig. 7). As Atchley (1974) has pointed 

out, unless crossing over is inhibited, "it is not possible to accurately 

distinguish between genetic interaction and backcrossing." The aberrant 

2N=70 and 2N=71 females (Fig. 7) could represent backcrosses or F 

individuals or merely extremes in morphological variation. 

The degree of chromosomal difference between the two races reported 

in this study is less than that reported by Patton (1973) for Thomomys 

bottae and Thomomys umbrinus. However, the level of production of F 

hybrids, the narrow nature of the contact zone, and the apparent reduced 

fertility of hybrids are nearly identical. Thaeler's (1974) study of four 

contact zones between chromosomal races of Thomomys talpoides led him to 

the conclusion that species level differences in this complex are more 

likely to be correlated with non-Robertsonian differences of chromosomal 

races. This may also be true for Geomys, but taxonomic decisions are 

deferred in the present situation for the following reasons. 

Although the reproductive data are not conclusive, they indicate 

that the fertility of the apparent F hybrid females are capable of 

producing backcross or F offspring. If the latter is true, then a 

paradoxical situation would exist because these offspring would have 
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chromosomal complements indistinguishable from either the F hybrid or 

the parental karyotypes (Fig. 7). Morphological data are also equivocal 

and it is possible that extensive reproduction by the hybrids is occurring, 

To summarize, a five-square-kilometer zone of hybridization occurs 

between chromosomal races B (2N=70; FN=70) and C (2N=70, 71, or 72; 

FN=72) . Within and near this contact zone, race B occupies more 

indurate soils to the north and east, and hybrids occur in an 

ecologically intermediate zone. Eighteen percent of the animals 

captured were apparent F hybrids. A combination of behavioral 

interactions and soil-related ecological factors appear to limit 

hybridization to a narrow zone. The two cytotypes are separable on 

the basis of morphological characters, with chromosomal race B being 

significantly smaller than race C. Apparent F hybrids are not 

morphologically intermediate, but rather more closely resemble race C. 

This unexpected situation may result from genetic interactions, hybrid 

reproduction or a combination of these two factors. Fertility of male 

hybrids is apparently reduced, but it is probable that female hybrids 

are capable of producing F- or backcross offspring. Chromosomal data 

are not capable of distinguishing backcross or F offspring (Fig. 7) 

and, therefore, taxonomic decisions are delayed. Chromosomal 

differences between the two cytotypes are less than those found 

between Thomomys bottae and T_. umbrinus (Patton, 1973) ; yet the zones 

of hybridization are similar. Karyotypic differences between 

populations certainly have different effects on the extent of gene 

flow (Baker e_t al., 1975) , but further studies of similar contact 

zones are needed to develop a theory that adequately predicts the 

outcome of interactions between chromosomally characterized populations. 



SPECIMENS EXAMINED 

The following list includes all specimens examined in this study. 

The number in parentheses following locality indicates sample size. 

New Mexico: Curry Co.: 4.7 mi. S Melrose (1); De Baca Co.: 

0.4 mi. S, 0.4 mi. W Fort Sumner (2); 1.0 mi. S, 0.3 mi. E Taiban (1); 
« 

3.4 mi. S, 0.3 mi. E Taiban (3); 5.0 mi. S, 0.3 mi. E Taiban (1); 5.3 mi, 

S, 0.3 mi. E Taiban (1); 6.3 mi. S, 0.3 mi. E Taiban (2); 7.7 mi. S, 

0.3 mi. E Taiban 

0.3 mi. E Taiban 

0.3 mi. E Taiban 

0.3 mi. E Taiban 

0.3 mi. E Taiban 

3.6 mi. E Taiban 

3.6 mi. E Taiban 

3.6 mi. E Taiban 

3.6 mi. E Taiban 

1.0 mi. E Taiban 

1.2 mi. E Taiban 

1.7 mi. E Taiban 

2.5 mi. E Taiban 

2.8 mi. E Taiban 

3.1 mi. E Taiban 

3.5 mi. E Taiban 

2.6 mi. E Taiban 

3.6 mi. E Taiban 

3.6 mi. E Taiban 

1) 

2) 

2) 

3) 

5) 

3) 

2) 

3) 

2) 

2) 

1) 

8.4 mi. S, 0.3 mi. E Taiban (1); 8.5 mi. S, 

9.1 mi. S, 0.3 mi. E Taiban (2); 9.6 mi. S, 

9.8 mi. S, 0.3 mi. E Taiban (2); 10.0 mi. S, 

10.6 mi. S, 0.3 mi. E Taiban (2); 11.4 mi. S, 

15.8 mi. S 

15.9 mi. S 

16.0 mi. S 

16.1 mi. S 

16.2 mi. S 

16.2 mi. S 

16.2 mi, S 

1); 16.2 mi, S 

3); 16.2 mi. S 

3) 

3) 

4) 

2) 

2) 

16.2 mi. S 

16.2 mi. S 

16.4 mi. S 

16.5 mi. S 

16,6 mi, S 

2.9 mi. E Taiban (1) 

2.9 mi. E Taiban (3) 

2.9 mi. E Taiban (1) 

2,9 mi, E Taiban (2) 

0.6 mi, E Taiban (5) 

1.2 mi. E Taiban (2) 

1.6 mi, E Taiban (3) 

2.1 mi. E Taiban (3); 16.2 mi. S, 

15.8 mi. S, 

15.9 mi. S, 

16.0 mi. S, 

16.1 mi. S, 

16.2 mi. S, 

16.2 mi, S, 

16,2 mi, S, 

11); 16,2 mi, S, 2.6 mi. E Taiban (7); 16.2 mi. S, 

2.9 mi. E Taiban (6); 16.2 mi. S, 

3.3 mi, E Taiban (9); 16.2 mi. S, 

3.6 mi. E Taiban (13); 16.4 mi. S, 

3.5 mi. E Taiban (1); 16.4 mi. S, 

2.9 mi. E Taiban (2); 16.5 mi. S, 

3.6 mi. E Taiban (1); 16.7 mi. S, 

24 



25 

2.9 mi. E Taiban (4); 16.7 mi. S, 3.6 mi. E Taiban (2); 16.9 mi. S, 

2.9 mi. E Taiban (3); 17.0 mi. S, 3.6 mi. E Taiban (1); New Mexico: 

Roosevelt Co. : 21.0 mi. W Floyd (2); 20.9 mi. W Floyd (7); 20.8 mi. W 

Floyd (4); 20.7 mi. W Floyd (4); 20.5 mi. W Floyd (1); 20.4 mi. W Floyd 

(3); 20.0 mi. W Floyd (1); 20.1 mi. W Floyd (4); 18.5 mi. W Floyd (3) 
« 

16.0 mi. W Floyd (1); 13.4 mi. W Floyd (1); 12.5 mi. W Floyd (1); 

3.5 mi. W Floyd (4). 
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