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In the southeastern United States, 
Geomys pocket gophers are represented 
by 2 extant taxonomic species, G. colonus 
and G. pinetis. G. colonus was described 
in 1898 (Bangs 1898), but remained es- 
sentially unnoticed and unstudied until 
1967 when a population within the his- 
toric range of colonus was "rediscov- 
ered." The first described range of colo- 
nus encompassed about 16 km2 of coastal 
plain in Camden County, Georgia. The 
current population referable to "colonus" 
covers less than 200 ha, is estimated at 
less than 100 individuals (Ford 1980), 
and is presently listed as endangered by 
the State of Georgia (Odom et al. 1977). 

The original description of G. colonus 
distinguished it from G. pinetis on the 
basis of darker pelage and minor cranial 
differences. We have examined over 
1,500 museum skins of pinetis collected 
throughout its range, and found that pel- 
age color is widely variable both within 
and among populations, and is not a sat- 
isfactory means for distinguishing colo- 
nus from pinetis, or pinetis populations 
from one another (ms. in prep.). We have 
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also compared 18 body and cranial mea- 
surements between colonus and sur- 
rounding populations of pinetis, and 
found that colonus is not more distinct 
from pinetis than are populations of pi- 
netis from each other. Williams and Gen- 
oways (1980) have also compared pinetis 
and colonus morphometrically, and con- 
cluded that there was probably no basis 
for the recognition of colonus as a distinct 
species. Because morphology may not be 
a reliable guide to distinguish colonus 
from pinetis, and because the basis for 
the original taxonomic description of co- 
lonus is thus suspect, we conducted the 
following molecular-genetic survey. 

METHODS 

We previously examined various mo- 
lecular-genetic characteristics of a total of 
171 live-trapped specimens of Geomys 
pinetis representing 24 populations dis- 
tributed across the range of the species 
(Avise et al. 1979b). That paper, which 
did not include G. colonus and did not 
address issues of direct significance to 
population management, should be con- 
sulted for background information rele- 
vant to this report. Here, we examine the 
genetic composition of 5 specimens of G. 
colonus, and compare this information to 
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the data previously published for G. pi- 
netis. Although the absolute size of our 
colonus sample is small, it does provide 
an adequate representation (>5%) of the 
entire species. Because colonus is protect- 
ed, additional permits for larger samples 
could not be obtained. 

We assayed genetically determined 
variation and differentiation in proteins 
encoded by 25 genetic loci. The proteins 
examined (and numbers of genetic loci 
encoding their production) were: lactate 
dehydrogenase (2 loci), malate dehydro- 
genase (2), glutamate-oxaloacetate trans- 
aminase (2), isocitrate dehydrogenase (2), 
6-phosphogluconate dehydrogenase (2), 
nucleoside phosphorylase (1), phospho- 
glucoisomerase (1), phosphoglucomutase 
(1), tetrazolium oxidase (1), alcohol de- 
hydrogenase (1), sorbitol dehydrogenase 
(1), xanthine dehydrogenase (1), a-glyc- 
erophosphate dehydrogenase (1), pepti- 
dase (2), esterase (3), albumin (1), and 
hemoglobin (scored as 1 locus). Proteins 
were electrophoresed on horizontal 
starch-gels according to standard proce- 
dures (Selander et al. 1971, Ayala et al. 
1972), using muscle, liver, heart, plasma, 
and hemolysate as tissue sources. Het- 
erozygosity estimates (H, the mean pro- 
portion of individuals heterozygous per 
locus in a local population) were ob- 
tained by direct count. 

Karyotypic variation in 4 individuals of 
each of 24 populations of G. pinetis and 
in 4 specimens of colonus was examined 
using standard bone marrow techniques 
(Baker 1973). 

Mitochondrial DNA (mtDNA) nucleo- 
tide divergence was compared between 
4 colonus and 87 pinetis from across the 
range of the species. Mitochondrial DNA 
from livers of individual animals was pur- 
ified, and then cleaved separately with 
restriction endonucleases EcoRI, BamHI, 
BstEII, and HindIII. The cleavage frag- 

ments were electrophoresed on 1.1% 
agarose gels. HindIII digests of phage 
lambda DNA were coelectrophoresed as 
molecular weight standards. Details of 
these techniques are described else- 
where (Avise et al. 1979a,b). 

RESULTS 

Proteins 

For the 25 loci examined, no allozymic 
variation (H = 0.00) was found within G. 
colonus, or within most of the immedi- 
ately surrounding populations of G. pi- 
netis in Camden, Charlton, and Pierce 
counties, Georgia and Nassau County, 
Florida. In 1 or more other populations 
of pinetis, a total of 10 variable loci con- 
tributed to heterozygosity estimates rang- 
ing from 0.000 to 0.058 with overall un- 
weighted H = 0.025 per population (Avise 
et al. 1979b). Similar levels of variation 
have been reported in other species and 
genera of pocket gophers (Patton et al. 
1972, Penney and Zimmerman 1976). 

Electromorphs encoded by 2 loci, 
6-phosphogluconate dehydrogenase 
(PGD) and albumin (ALB), exhibit pro- 
nounced macrogeographic variation in 
pinetis (Avise et al. 1979b, Fig. 1). ALB100 
was fixed in colonus and in all "eastern" 
populations of pinetis, while ALB95 was 
the predominant electromorph in "west- 
ern" pinetis populations. The colonus 
assayed were also monomorphic for 
PGD100, the common electromorph in 
"eastern" pinetis. Distributions of elec- 
tromorphs at ALB and PGD are pre- 
sented in Fig. 1. 

Genetic distances between popula- 
tions across all assayed loci were sum- 
marized using Nei's (1972) D statistic. 
Small genetic distances (D < 0.001) were 
observed between populations of pinetis 
in close geographic proximity, so we re- 
duced our samples into 10 population 
groups for ease of representation and 
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COLONUS 

PINETIS 
(EASTERN FORM) 

I PINE T IS 
(WESTERN FORM) 

BURSARIUS ....~~~~~~~ 

Fig. 1. Geographic distribution of electromorph frequen- 
cies of (A) albumin and (B) 6-phosphogluconate dehydro- 
genase in G. colonus and G. pinetis. Large circles repre- 
sent samples N > 12; medium circles, 5 S N - 11; small 
circles, N s 4. Heavy lines separate "eastern" and "west- 
ern" forms of pinetis as defined by ALB and mtDNA anal- 
ysis. 

comparison against colonus. A sample of 
the more distantly related western 

species, Geomys bursarius, was also as- 
sayed and added for perspective. These 
data were clustered by the unweighted 
pair group method with arithmetic means 
(Sneath and Sokal 1973) to obtain a 2-di- 
mensional distance phenogram (Fig. 2). 

In protein-electrophoretic composi- 
tion, colonus appears identical to popu- 
lations of G. pinetis throughout eastern 
Georgia at the 25 assayed loci. The esti- 
mated genetic distance (D = 0.00) be- 
tween colonus and pinetis from several 

0.30 0.20 0.10 0 

GENET I C DISTANCE 

Fig. 2. Distance phenogram, derived from protein-elec- 
trophoretic data from 25 loci, in G. colonus and G. pinetis. 
A sample of G. bursarius is provided for perspective. 

counties in eastern Georgia and from 
Nassau County, Florida is considerably 
less than the D = 0.06 between appar- 
ently conspecific "eastern" and "west- 
ern" populations of pinetis (Avise et al. 
1979b). G. bursarius is genetically dis- 
tinct (D = 0.28) from both pinetis and co- 
lonus. All ) values within and between 
populations of colonus and pinetis are 
well within the range characteristic of 
conspecific populations in other mam- 
mals (Avise 1974). 

Karyotypes 
The standard mitotic karyotype of co- 

lonus appears identical to that of other 
"eastern" pinetis populations, exhibiting 
2N = 42 and fundamental number (FN) = 
80. This karyotype in pinetis has previ- 
ously been published (Williams and 
Genoways 1975). Minor karyotypic di- 
vergence was observed between "east- 
ern" and "western" populations of pine- 
tis, the latter of which exhibit 2N = 42, 
FN = 76. 

Mitochondrial DNA 

Recently, several laboratories have 
demonstrated that extensive mtDNA nu- 
cleotide sequence divergence can be de- 
tected within mammalian species (Upholt 
and Dawid 1977; Avise et al. 1979a,b; 
Brown et al. 1979). This work suggests 
that mtDNA evolves more rapidly than 

J. Wildl. Manage. 46(2):1982 

I I 



516 SHORT COMMUNICATIONS 

r 2 
3 

' ' c3 4 EcoRI 
5 

Vt' t 6 
:- [ I Lambda Hindll 

I 
t t t 2 ' [ 3 

r t C 4 BamHI 
4 
5 
6 ', I I& .. . 6 

G. pinti sapls fomC nCouty GergLambda Hind 111 

2 

molecular weight standards. The Hind\\l digests of sam- 

5 
6 

Lambda Hind III 
I 
2 

5 
6 

digests of phase lambda DNA were coelectrophoresed as 
molecular weight standards. The Hindlll digests of sam- 
ples 4 and 6 contain additional bands which result from 
incomplete digestion. 

unique-sequence nuclear DNA (Avise et 
al. 1979a, Brown et al. 1979) and that the 

use of restriction endonucleases to detect 
mtDNA sequence divergence provides a 
highly sensitive technique for assessing 
evolutionary relatedness between closely 
similar populations. We have previously 
shown that extensive mtDNA sequence 
diversity exists within G. pinetis (Avise 
et al. 1979b). We estimated the nucleo- 
tide sequence divergence, p, using the 
analysis suggested by Nei and Li (1979), 
in pairwise comparisons between G. pi- 
netis individuals collected throughout 
the range of the species. It was shown 
that "eastern" and "western" forms differ 
by more than 3% (p = 0.034) in mtDNA 
sequence. Diversity within "eastern" 

populations is less extensive (p = 0.005), 
but still easily detectable. 

We used 4 endonucleases to digest 
mtDNA from 4 samples of G. colonus, 
and compared the fragment patterns with 
those observed previously in G. pinetis. 
Our observation that the G. colonus 
mtDNA appears identical to the mtDNA 
seen in Camden County samples of G. 
pinetis (p = 0.00) is documented in Fig. 
3. Since mitochondria are inherited 
through females, we conclude that the G. 
colonus individuals studied share a com- 
mon maternal phylogeny with surround- 
ing populations of G. pinetis. 

DISCUSSION 

Considering all available evidence, we 
reject the hypothesis that the gopher pop- 
ulation presently recognized as Geomys 
colonus differs significantly in genetic 
composition from surrounding popula- 
tions of G. pinetis. This conclusion is not 
an artifact of poor sensitivity in the ge- 
netic assays employed, as these same 
techniques indicated considerable genet- 
ic differences among geographic popu- 
lations of G. pinetis. In particular, at least 
2 major genetic stocks (lineages), previ- 
ously unrecognized, exist in pinetis. 

Therefore, "colonus" appears to rep- 
resent no more than a slightly differen- 
tiated local population of the eastern 
form of G. pinetis and should be synon- 
ymized with it. Could this conclusion be 
incorrect? To "prove" that colonus does 
not differ from eastern pinetis is tanta- 
mount to proving a null hypothesis, an 
epistemological impossibility. It would 
always remain conceivable that some 
critical genetic characters determining 
species status of colonus do indeed exist 
but had not yet been examined (this ar- 
gument would apply to any "conspecific" 
populations of pinetis as well). There- 
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fore, to be doubly safe, the Georgia De- 
partment of Natural Resources (DNR) has 
recently transplanted several "colonus" 
gophers to other localities where it is 
hoped they will continue to survive. 

The results of our genetic survey of an 
endangered species are important for 
several reasons. Specifically, the Georgia 
DNR has for the past decade invested 
many thousands of man-hours and dollars 
in protecting "colonus" against human 
encroachment. With the recognition that 
"colonus" is not an unusually distinctive 
population of common G. pinetis, the 
Georgia DNR can turn more of its atten- 
tion and finite resources to other truly 
endangered species. Any future pro- 
grams of pocket gopher management 
should also profit from the recognition 
and delimitation of the 2 major genetic 
stocks of pinetis that we have discovered. 

Our results are also important in a 
broader context. There has previously 
been almost no input from geneticists 
into endangered species programs. Many 
endangered "species" are poorly known 
genetically or otherwise, yet huge efforts 
are expended in their management. 
Conversely, many genetically distinct 
populations and species probably remain 
unrecognized because of their morpho- 
logical similarity. Thus in many in- 
stances, comprehensive genetic infor- 
mation should help broaden and 
strengthen the basis for intelligent man- 
agement decisions. 
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The energetic advantage of exploiting 
the subnivean environment during win- 
ter is considerable for small nonhiber- 
nating mammals of northern latitudes. 
Beyond the limits of physical thermo- 
regulation, a reduction of body-air 
temperature differences by remaining 
under the snow cover is often the only 
means of maintaining a favorable energy 
balance with decreasing air tempera- 
tures. For many small mammals, the 

presence of an adequate snow cover is a 

critically important factor in their over- 
wintering success. Thus, Formozov 
(1946:115) recognized that "the thermal 
insulating properties of snow have suc- 
ceeded in playing a large role in the his- 
tory of faunas." 

The temperature stability of the sub- 
nivean environment is a function of snow 
density as well as depth. These ex- 
tremely variable snowpack characteris- 
tics are influenced by a number of factors 
including antecedent weather condi- 
tions, vegetation type, and snowpack 
metamorphosis. While the thermal prop- 
erties of snow are well understood (Mel- 
lor 1964, Yen 1965, Anderson 1976), a 
standard procedure for estimating the 
ecological value of a snow cover to sub- 
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including antecedent weather condi- 
tions, vegetation type, and snowpack 
metamorphosis. While the thermal prop- 
erties of snow are well understood (Mel- 
lor 1964, Yen 1965, Anderson 1976), a 
standard procedure for estimating the 
ecological value of a snow cover to sub- 

nivean animals (or plants) has been lack- 
ing. 

Pruitt (1970) introduced the use of a 
snow index value, SI = C(Y TD), where 
C = snow cover of a plot expressed as a 
percentage of the plot covered, T = 
thickness (cm), and D = density of each 
discrete layer of snow. He then attempt- 
ed to demonstrate a relationship between 
annual variations in snow index value 
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The concept is potentially useful, but 
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tive value rather than an actual inverse 
relationship. Thus, his index is of little 
use for estimating the temperature sta- 
bility of the subnivean environment. As 
a simple illustration using Pruitt's for- 
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cm3 would have the same snow index val- 
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siderably because the thermal conductiv- 
ity of the snowpack increases with both 
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