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ABSTRACT

The Valley pocket gopher, Thomomya bottae. la noted for great
r

morphological variation geographioally, but little la known of the morpho

logical variation exhibited by restricted populations under uniform en

vironmental conditions. The probable causes of variation between 
populations and within populations Is discussed in relation to pocket 

gophers in general and a homogeneous sample in particular.

To judge the within-population range of character expression and 

variability of %. bottae. a spatially and temporally homogeneous sample 

of X. colllnua was collected from the University of Arizona' a El 

Coronado Ranch, Chlricahua Mountains, Cochise County, Arizona. Data from 

thirteen morphological measurements of study skins and skulls of 36 speci

mens were analyzed statistically. The parameters of range, man, 95 

percent confidence interval of the man, and coefficient of variation 

were compared between males, females, total sample and with two previous 

geographical studies of £. bottae in the Southwest,

From the comparisons made, the following conclusions were reached: 

(l) Male X* oollinua from El Coronado Ranch are generally larger than 

females, but significantly so in only four characters, (2) Female pocket 

gophers have lower coefficients of variation than males in all but one 

character, (3) The within-population variation and between-population 

variation of %, bottae in southeastern Arizona are of the same magnitude.
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INTRODUCTION

Although the Valley pocket gopher, Thoaemarg bottas. la known to 

exhibit great morphological variation ge ©graphically, little attention 

has been given to the range of genetic expression of morphological 

characters in a homogeneous population under uniform environmental condi

tions. If the degree of variability found in such a population is great, 

then perhaps the taxonomic significance of variations between deoes and 

local populations is lessened. On the other hand, if the range of ex

pression and variability of character is small, there truly may be 

significant differences between more restricted population groupings.

In this study, the range of character expression and variability 

in a sample of Xhomomrs bottae from a restricted local population is 

determined. The range is shown for thirteen morphological characters of 

a spatially and temporally homogeneous sample from the University of 

Arizona’s El Coronado Ranch in the Ghirioahua Mountains, Cochise County, 

Arizona.
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MATERIALS AMD METHODS

Materials

The material used In this study consisted of 36 specimens of 

Thoooaya bottas pollings. 26 collected between March 27 and liarch 29#

1964# and 10 collected between November 6 and November 8, 1964* All 

ware taken at the El Coronado Ranch, 5800 feet, in West Turkey Creek 

Canyon, Chiricahua Mountains, Cochise County, Arizona. The sample area 

covers approximately 9 acres. All of the specimens, except one, are 

conventional skins and skulls, the exception is a skeleton only. This 

material is housed in the Mammal Collection of the Department of Zoology 

at the University of Arizona.

Measurements

Measurements of thirteen morphological features were recorded. 

Parallel jawed dial calipers graduated in tenths of a millimeter (0.1m) 

were used to measure skull dimensions, and some were made with the aid of 

a dissecting microscope to insure greater accuracy. Since the specimens 

were collected and prepared by members of mammalogy field classes, the 

measurements of total length (01), tail length (02), and hind foot (03) 

recorded from the specimen label are limited in their consistency. All 

cranial measurements were made by the author, and all were taken from the 

right side where possible, otherwise the left side was used. The cranial 

measurements were taken as follows:

Basilar length (basilar length of Hansel) (04). The distance in 

the mid-line of the skull from a line connecting the posterior margins of
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the alveoli of the upper inoisora to the anteriormost border of the 

foramen magnum.

Length of nasals (05). The greatest length along a line between 

the nasals running from the anteriormost part of the nasal to the moot 

posterior extension of that nasal. Mo measurement was made of any bone 

showing evidence of being out off at its anterior end.

Zygomatic breadth (06). The greatest distance between the outside 

of the zygomatic arches measured in a plane parallel to the long axis of 
the skull.

Mastoid breadth (07). The greatest width of the skull across the 

points of the mastoid processes measured perpendicular to the long axis 

of the skull.

Least interorbital width (08). The least distance across the 

dorsal surface of the frontals measured by placing the points of the 
calipers inside the orbits.

Alveolar length of the upper cheek teeth (09). The greatest 

distance from the anterior alveolar border of the premolar to the pos

terior border of the molar in a plane parallel to the long axis of the 

skull.

Length of rostrum (10), The greatest distance along the midline 

of the skull from the anteriormost point of the nasals to the posterior- 

most extension of the tongue of the premaxilla onto the dorsal surface 

of the skull. Ho measurement was made if nasal bones shewed evidence 

of being out off at their anterior end.

Rostral breadth (ll). The width across the dorsal surface of the 

rostrum taken at the dorso-anteriormost point of fusion of the maxillary
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and pre-znaxUlary bones measured perpendlctilar to tbs long axis of the 

skull.

Palatof rental depth (12). The distance between the anteriormost 

portion of the palatine bone and the dorsal surface of the frontal 

measured vertically to the long axis of the skull.

Length of upper diastema (13). The distance from the posterior 

edge of the inoisor alveolus to the anteriormost margin of the fourth 

premolar.

The thirteen morphological measurements for each specimen used in 
the study were transferred to I B H punch cards. Computation of the 

various statistical parameters was done by an I 3 M 7072 digital computer. 

The two saxes were analyzed separately, then lumped. The statistical 

parameters calculated included range, mean, standard deviation, standard 

error of the mean, and 95 percent confidence interval of the mean.

Age Criteria

The determination of age in natural populations of pocket gophers 

is difficult at best, and when only skin and skull are available, even 

more difficulty is encountered. About all that can be done is to divide 

the specimens into adult and juvenile classes, basing the separation on 

pelage coloration, sexual activity (if noted on the specimen label), and 

certain cranial characteristics. Lane (196$) reviewed son® of the methods 

used by various authors and adopted the following as adult criteria:

1) Fusion of the supraoocipitals with the exoooipitals.

2) Partial loss of a suture lira between the basiocoipitala 

and the baaisphenoid.



3) Loss of transparency or complete ossification of the 

auditory bullae.

4) Sexual activity, if known.

The criteria defined by Lane were used in this study, as was 

pelage color, if obvious, to separate the specimens into adult and 

juvenile age classes. No juveniles were included in the study.



GENERAL CONSIDERATIONS

The Valley pocket gopher, Thomoays bottaa. exhibits a great de

gree of variation over its geographic range. In Arizona alone it is 

divided into 41 subspecies (Coolerua, i960), many with extremely small 
ranges— in essence isolated domes. Even if all of these taxa are not 

valid, the number recognised indicates a high degree of variation between 

populations. In addition, variation within populations is quite high* 

Lange (1958) found variance ratios of less than one for three external 

measurements and nine skull measurements in a sample of 425 to 534 adult 

%. bottao from southeastern Arizona. The cause of this variation may be 

attributed to several factors: response to environmental conditions 

such as soil, elevation, moisture and vegetation; individual variations 

of recombination, age and sex; genetic drift or sampling error caused by 

small breeding populations; and genetic migration. Even in rather re

stricted populations, changes in the friability of the soil produce size 

changes in pocket gophers, and soma populations appear to exhibit sexual 

dimorphism while others do not (Davis, 1938; Lange, 1958; Lane, 1965)•

How much of this variation is attributable to environmental 

effects modifying genetic expression, and how much is attributable to a 

large genetio expression in the characters measured, has never been de

termined. Investigation of the range of genetio expression by sampling 

a population living under uniform environmental conditions appears likely 

to yield significant results. To this end, the sample should be large 

enough to furnish an adequate number of adult specimens for analysis and
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should come from an area small enough to have homogeneous soil and 

vegetation. Moreover, the entire sample should be collected at approxi

mately the same time. As Doutt (1961) has pointed out In Pennsylvania, 

populations of small rodents may show a shift in character over & 

comparatively short span of time. This may be caused by shifts in gene 

frequency inherent in small populations of restricted range (sampling 

error), or by genetic migration coupled with the former. Also, altera

tions in the local environment such as clearing of land, cultivation, and 

irrigation may have pronounced effects upon a local population, especially 

in such a plastic animal as Thomoavs. These temporal shifts in characters 

may be expressed only in shifts of means or ranges of expression, and 

perhaps not in the coefficient of variation.

The effects of age on the homogeneity of the sample are somewhat 

self evident. Juveniles, if included in the sample, extend the lower limits 

of the ranges of meristie charactera; while old adults, especially males, 

extend the upper limits of the ranges, since rodents in general and 

Thomoanra in particular appear to reach no terminal sis©. For this reason, 

adult females are usually used in most taxonomic and variational studies, 

females showing less ontogenetic change than males and tending more to

ward a terminal sise (Grinnell, 1935* Lane, 1965). In this study males 

and females are analysed separately, not only to show the ranges of char

acter expression and variability for each sex, but also to discern any 

sexual dimorphism; and they are also lumped to show the total range of 

character expression and variability for the total adult sample.

Uniformity of soil in the sample area is essential in a study of 

the genetic variability of character expression in pocket gophers. The
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friability of the soil seems to exert & profound Influence on the over

all size and on Incisor procumbenoy (a character not used In this study) 

of Thomonva. The pocket gophers inhabiting indurate or rocky soils are 

generally of smaller size than those inhabiting loose, sandy, friable 

soils. Kinnerley (1954) proposed, selective advantages for smaller fos- 

sorial animals, especially in indurate soils, while in sandy, friable 

soils larger size may be selectively advantageous. This probably is re

lated to nutritional requirements per unit of excavation, the smaller size 

being more efficient in more indurate soils.

At the El Coronado Ranch, the soil, at least In the area occupied 

by the pocket gophers, is rather light and friable with some rocks of 

various sizes scattered throughout. There is some variation in moisture 

content, from a pond and a stream flowing through a portion of the popu

lated area, which produces & denser, darker soil in the moist areas. At 

the time the specimens for this study were collected, no record of each 

capture locality was made. Therefore, specimens from this more moist area 

are lumped with those from surrounding areas of drier soils.

This small stream also alters the nature of the vegetation near 

its course. Much of the area in which the pocket gophers were trapped 

is covered by a uniform vegetation, while that near the stream is covered 

by vegetation more herbaceous in nature. Mo analysis of the plant cover 

was made for this study, but it was apparent that it is adequate for the 

nutritional needs of the population over the entire area. Variation in 

the vegetation produces variation in the nutrition available over a given 

area. This in turn may lead to (or does lead to) variation in pocket



gophers Inhabiting the area. In fact, the plant cover m y  have a lover 

threshold ao a limiting faster than does the nature of the soil 

(Kinnarley, 1964) and m y  have a greater influence on variability ex

hibited by populations of pocket gophers.

Moisture may have some influence on the variability of populations 

of pocket gophers because of its interaction with the soil and its effect 

on vegetation. Elevation may have a similar effect and the increase of 

moisture with elevation (with the increasingly moist, dark soils at 

higher elevations) tends to produce a elinal variation in pelage color 

from lower, lighter forms to higher, darker forms (Getz, 1957). However, 

color of the soil, and not moisture, may be the cause of this color varia

tion in the pelage of Thomoavs. as Kinnerley (op. clt.) has shewn that 

the moisture content of burrows in all soils is high. In any event, 

the area sampled for this study was of a constant elevation and moisture 

content of the soil was uniform, with the above exemption.

Pelage odor as a variable character of these animals was not 

analyzed in this investigation. Objective methods of determining odor 

are lacking, although Getz (1957) used photometric methods as did Kinnerley 

(1954). This type of equipment was not available to me and would have been 

of little help, for the objectivity of measurements of color on skins 

other than those of freshly caught specimens is questionable. When stored, 

museum specimens of small mammals tend to fade or "fox", the degree and 

rapidity apparently depending upon such factors as preservative used in 

preparation, insecticide used in preservation, and exposure to light.

9
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The effect of genetic migration on the El Coronado Ranch popula

tion is indeterminate, This area is not isolated from the upper and 

lower parts of the canyon and exchange of gene tie material undoubtedly 

occurs. At times of high population density (for example. Spring 1966), 

the pocket gophers of West Turkey Creek Canyon probably assume the 

character of one continuous population from Sulphur Springs Valley to the 

head of the canyon. At times of low density, the distribution of pocket 

gophers in the canyon is more discontinuous and gene exchange is re

stricted. Since the density of pocket gophers is higher at the El 

Coronado Ranch than in the immediately surrounding areas (more optimum 

soil and food Conditions at the ranch), there may be more emigration of 

genetic material than immigration, but this is only speculation,

A measure of the variation of a single character is the coefficient 

of variation (V), This coefficient has no set meaningful limits, but 

Simpson, Roe, and Lewontin (i960) cite values of V in the range from four 

to ten for most biological samples. High values of V could indicate 

animals of greatly different ages in the sample, a sample from two diverse 

populations, or a large genetic expression for the particular character. 

Low values of V may be indicative of too small a sample or of a conserva

tive character. In this study, the characters measured were selected on 

the basis of two prior investigations of Thoaoars in the Southwest— those 

by Lange (1958) and Lane (1965). In this way the value of V for each 

character from the more homogeneous population may be compared with simi

lar values from the more diverse populations. Characters found by Lane 

(op. oit.) to have extreme values of 7 (e.g., extension of premaxilla past 

the nasals) were not used, nor was incisor procumbency, as mentioned.



RESULTS AND DISCUSSION

The data displayed in the modified. Hobbs and Babbe graphs 

(Figures 1 through 13) show that between the sexes non-overlap at the 

95 percent confidence interval occurs in four of the thirteen characters 

analysed: total length, basilar length, mastoid breadth, and the length 

of the upper diastema. The difference between the means of total length 

for males and females was tested for significance, since the amount of 

separation of the confidence intervals was slight. The difference was 

found to be significant as P, the probability that the means were from 

the same population, was less than 0.01. The other characters exhibit 

various degrees of overlap, with five of the characters showing overlap 

of the confidence interval of the malea and the means of the females.

From inspection of the figures, it is seen that the moan values 

for the females is less than the corresponding mean values for the males 

with one exception, least interorbital width. Even though these differ

ences are significant in only four oases, as mentioned, they do tend to 

show that in a given population male pocket gophers Indira toward larger 

size than females. A possible reason for the low range of values in the 

male sample was one small male (U, A. 11002) which in many rases had 

values lower than that of the smallest female, but which was judged to be 

adult by the criteria of age used in this study. Perhaps this individual 

was not as old as others in the male sample, absolute age being difficult 

to determine, as mentioned previously; or perhaps its small size was the 

result of some metabolic aberration.

11
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Table 1. —  Skin and skull measurements of the sample In millimeters. 
Asterisk refers to measurement number.

Range N Mean a s (t j 9556 0, I.
* range of mean

Males

01 177.0-228.0 14 211.4 14.37 3.84 203.11-219.69
02 51.0-72.0 14 62.4 6.41 1.71 58.71-66.09
03 24.0-32.0 14 27.7 2.05 0.549 26.51-28.89
04 29.0-35.6 14 33.11 1.81 0.484 32.07-34.15
05 11.8-15.4 13 13.53 1.04 0.289 12.90-14.16
06 20.0-24.8 14 23.11 1.57 0.419 22:20-24.02
07 16.8-20.0 14 18.95 0.922 0.246 18.31-19.59
08 6.0-6.5 14 6.23 0.159 0.042 6.14-6.32
09 7.1-8,6 14 7.71 0.398 0.106 7.48-7.94
10 13.0-17.3 13 15.29 1.30 0,359 „ 14.51-16.07
11 6.9—8.2 14 7.42 0.437 0.117 7.17-7.67
12 12.5-15.1 14 14.04 0.743 0.199 13.61-14.47
13 12.0-15.6 14 13.87 1.08 0.290 13.24-14.50

Females

01 177.0-213,0 19 198.5 8.76 2.01 194.27-202.73
02 50.0-68.0 19 59.2 5.20 1.19 56.69-61.71
03 25.0-29.0 19 26.6 1.17 0.268 26.04-27.16
04 27.7-34.1 19 30.60 1.32 0.304 29.96-31.24
05 11.6-13.6 16 12.74 0.519 0.130 12.46-13.02
06 19.5-25.0 19 21.78 1.14 0.261 21.23-22.33
07 16.6-19.8 19 17.93 0.703 0.161 17.59-18.27
08 5.9-6.7 19 6.28 0.206 0.047 6.18-6.38
09 6.9-8.8 19 7.56 0.407 0.093 7.36-7.76
10 13.3-15.5 16 14.48 0.647 0.162 14.14-14.82
11 6.6-7.8 19 7.16 0.322 0.074 7.00-7.32
12 12.5-15.1 19 13.47 0.571 0.131 13.19-13.75
13 11.0-14.5 19 12.64 0.800 0.184 12.25-13.03



Table 1, —  Continued.

* Range N Mean # “x (*R-1) 95^ C. I. 
range of mean

Total Sample

01 177.0-228.0 33 203.9 13.00 2.26 199.42-208.46
02 50.0-72*0 33 60.5 5.88 1.02 58.50-62.59
03 24.0-32.0 33 27.1 1.68 0.292 26.48-27.64
04 27.7-35.6 33 31.66 1.98 0.345 30.98-32.35
05 11.6-15.4 29 13.09 0.878 0.163 12.77-13.42
06 19.5-25.0 33 22.34 1.47 0.256 21.83-22.86
07 16.6-20.0 33 18.36 0.942 0.164 18.03-18.69
08 5.9-6,7 33 6.26 0.187 0.033 6.20-6.33
09 6.9—8.8 33 7.62 0.405 0.070 7.48-7.76
10 13.0-17.3 29 14.84 1.06 0.196 14.45-15.23
11 6.6-8.2 33 7.27 0.391 0.068 7.14-7.41
12 12.5-15.1 33 13.71 0.700 0.122 13.47-13.96
13 11.0-15.6 33 13.16 1.11 0.192 12.78-13.55

Table 2. —  Coefficients of variation (V) for three samples of
Thoaorava bottae. Asterisk refers to measurement number.

*
,,

El Coronado Ranch Lane (1965)< Lange (1958)

Males Females Total:Sample . Females Total Sample

01 6:80 ' 4.42 6:37 6.97 (2.26-24.6) 9.24
02 10:3 8.79 9.71 7.94 (0.80-16.0) 12.7
03 7.41 4.40 6.19 ' 5.39 (0.06-12.0) 8.54
04 5.47 4.33 6.25 5.09 (0.79-15.3) 6.13
05 7.70 4.07 6.71 5.09 (2.76-6.55) 8.29
06 6.78 5.22 6.59 5.40 (2.85-15.3) 7.10
07 4.87 3.92 5.13 3.33 (2.18-4.80) 5.90
08 2.55 3.28 2.99 5.69 (1.96-11.4) 4.67
09 5.16 5.39 5.31 5.14 (0.82-9.90) 6.34
10 8.47 4.47 7.11 3.85 (0.91-7.08) 6.77
11 5.89 4.49 5.37 3.39 (0.28-13.9) 9.00
12 5.29 4.24 5.11 4,10 (1.06-8.40) 4.95
13 7.82 6.33 8.40 6.08 (3.28-12.0)
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The least interorbital width mean value for males was found to 

be less than that for females. This character appears to be very con

servative as it has small ranges in both males and females; it has the 
lowest coefficient of variation (V) of any character measured in either 

sex. This apparent conservatism may be caused by the nature of the 

measurement, as the caliper points easily "look** into position and the 

distance is small. Another possible explanation may be that this portion 

of the skull rapidly grows to a more or less terminal siee then ossifies 

while the rest of the skull continues to grow. Additional investigation 

into this subject may prove of value.

In all characters except least interorbital width, the males had 

higher coefficients of variation than the females. This may bo caused by 

smaller sample size, but more probably m y  be attributed to the above 

mentioned small male gopher. The more subjective measurements tend to 

have higher V values. Tail length, especially, has a high 7 since it 

is one of the more difficult measurements to make on pocket gophers with 

any precision. Inspection of Table 2 will show that Lane (1965) and 

Lange (1958) also found this to be the character with the greatest 

variability, among those studied.

Visual comparison of the V values for the El Coronado Ranch females 

and the roan V values for the female populations listed by Lane (op. cit.) 

indicate reasonable agreement in all eases. Similar comparisons for 

total population values between those of the El Coronado Ranch and those 

cited by Lange (ag. cit.) reveal generally higher values for the latter. 

This would tend to reinforce the opinion cited earlier that female 

Thomomys are more conservative in character expression than males.
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Although sexual dimorphism was found In four characters, the 

more extreme variation between the sexes such as Is found In populations 

of Thomomys bottae under optimum environmental conditions (e.g., alfalfa 

fields along the lower Colorado River) was not observed. This may be 

related to a more definite breeding season at the El Coronado Ranch 

regulated by the seasonal variation in temperature and snow in the winter, 

whereas the pocket gophers living under the more optimum conditions a w  

free to breed more than onoe per year. This additional reproductive 

drain on the females may inhibit their growth toward the larger size at

tained by males (Lane, 1965), Conversely, in the El Coronado Ranch popu

lation the more limited season may allow additional growth by the female# 

thus reducing the variation in size between sexes.

Although differences may be seen In the coefficients of variability 

reported in this study and those reported by Lane (gp. clt.) and Lange 

(1953), of more Interest is the amount of similarity among these values# 

considering the varied environments and populations represented in the 

two cited studies as contrasted with the restricted population sampled in 

this study. This seems to indicate that withln-population variability is 

on the same order as that of bo tween-population variability. Although 

none of the V values found are extreme (none much larger than ten, and 

most between three and six), the variability of any local population may 

account for enough character variation to reduce the significance of 

differences between deznes and local populations.



CONCLUSIONS

Proa a study of the data presented, the following oonolualons 

have been reached;

1. Male pocket gopher a in the EL Coronado Ranch population tend 

to be larger than the females, but significantly so in four 

characters only.

2. Female pocket gophers appear more conservative in character 

than do males, and have lower V values both within and between 

populations.

3. The within-populatlon and be tween-population variations in 

the Thomorayff bottao of southeastern Arizona appear of the 

same magnitude, which may reduce the taxonomic significance 

of local population variations.

In addition to the above, the author has concluded that until 

accurate aging methods are derived, or control populations of known ages 

are reared and sacrificed, the determination of within-populatlon varia

tion suffers from the handicap of mixed age groupings. Although all of 

the sample may be classified adult, the range of actual ages (and, hence, 

sizes) is quite variable.
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Figure 1. Modified Hubba & Httbbs graphs showing TOTAL LE93TH in
Bales (upper), females (middle), and total sample (lower). 
The horizontal line indicates the range, the vertical line 
the mean, and the horizontal bar tg_i times the standard 
error of the mean at the 95 percent level. Measurements 
in millimeters.

Figure 2. Modified Hubbs & Hubbs graphs showing TAIL LENGTH in males 
(upper), females (middle), and total sample (lower). The 
horizontal line indicates the range, the vertical line the 
mean, the horizontal bar t%_% times the standard error of 
the mean at the 95 percent level. Measurements in mini
ma ters.
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Figure 3# Modified Hobbs & Hobbs graphs showing HIND FOOT in males 
(upper), females (middle), and total sample (lower), The 
horizontal line indicates the range, the vertical line the 
mean, the horizontal bar t%_]_ times the standard error of 
the mean at the 95 percent level. Measurements in milli
meters.

Figure 4. Modified Hubbs & Hubbs graphs showing BASILAR LENGTH in
males (upper), females (middle), and total sample (lower). 
The horizontal line indicates the range, the vertical line 
the mean, the horizontal bar ts-l times the standard error 
of the mean at the 95 percent level. Measurements in 
millimeters.
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Figure 5. Modified Hubbs & Hubbs graphs showing LEN3TH OF NASALS in 
males (upper)> females (middle), and total sample (lower). 
The horizontal line indicates the range, the vertical line 
the mean, the horizontal bar times the standard error 
of the mean at the 95 percent level. Measurements in 
millimeters.

Figure 6. Modified Hubbs & Hubbs graphs showing ZIGQMATIO BREADTH in 
males (upper), females (middle), and total sample (lower). 
The horizontal line indicates the range, the vertical line 
the mean, the horizontal bar t#_]_ times the standard error 
of the mean at the 95 percent level. Measurements in 
millimeters.
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Figure 7. Modified Hubba & Hubbs graphs showing MASTOID BREADTH In 
males (upper), females (middle), and total sample (lower). 
The horizontal line Indicates the range, the vertical line 
the mean, the horizontal bar tfl-i tinea the standard error 
of the mean at the 95 percent level. Measurements In 
millimeters.

Figure 8. Modified Hubbs & Hubbs graphs showing LEAST INTERORBITAL 
WIDTH In males (upper), females (middle), and total sample 
(lower). The horizontal line indicates the range, the 
vertical line the mean, the horizontal bar tj;_i times the 
standard error of the mean at the 95 percent level. 
Measurements in millimeters.
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Figure 9. Modified, Hubba & Hubba graphs shoving ALVEOLAR LENGTH OF 
UPPER CHEEK TEETH in males (upper), females (middle), and 
total sample (lover). The horizontal line indicates the 
range, the vertical line the mean, the horizontal bar t̂ _]_ 
times the standard error of the mean at the 95 percent 
level. Measurements in millimeters.

Figure 10, Modified Hubba & Hubba graphs showing LENGTH OF ROSTRUM
in males (upper), females (middle), and total sample (lower). 
The horizontal line indicates the range, the vertical line 
the mean, the horizontal M r  tjj_]_ times the standard error 
of the mean at the 95 percent level. Measurements in 
millimeters.
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Figure 11. Modified Hubbs & Hubbs graphs showing ROSTRAL BREADTH 
in males (upper), females (middle), and total sample 
(lower), The horizontal line indicates the range, the 
vertical line the mean, the horizontal bar t#_i times 
the standard error of the mean at the 95 percent level. 
Measurements in millimeters.

Figure 12. Modified Hubbs & Hubbs graphs showing PAHATOFROOTAL DEPTH 
in males (upper), females (middle), and total sample 
(lower). The horizontal line indicates the range, the 
vertical line the mean, the horizontal bar t%̂ _% times the 
standard error of the mean at the 95 percent level. 
Measurements in millimeters.
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Figure 13. Modified Hubba & Hubbs graphs shoving UPPER DIASTEMA, in
malea (upper), females (middle), and total sample (lower). 
The horizontal line indicates the range, the vertical 
line the mean, the horizontal bar tp_i times the standard 
error of the mean at the 95 percent level. Measurements 
in millimeters.
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