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EVOLUTIONARY DIFFERENTIATION WITHIN THE NORTHERN GREAT BASIN
POCKET GOPHER, THOMOMYS TOWNSENDII.
I. MORPHOLOGICAL VARIATION
Mary Anne Rogers l
ABSTRACT.-Geographic and nongeographic variation In morphology was examined in Thomomys townsendii. A
univariate analysis ofexternal and cranial characters from a large population sample (66 adults; fusion ofcranial sutures
used as aging criteria) was used to assess variation among three adult age classes and between sexes. Only minor
variation is apparent among age classes; however, sexual dimorphism is pronounced. Univariate and multivariate
techniques were used to analyze external and cranial measurements and pelage characters for adults throughout the
species range. These analyses show little to support the seven subspecific designations recognized by Davis (1937). The
general pattern is one of homogeneity throughout the range ofThomomys townsendii. With the possible exception of
T. t. nevadensis samples, current subspecies are not defined as morphological units. In fact, differentiation is found
among populations within some subspecies. The most apparent pattern seen in these analyses is the divergence
between the Humboldt River (including Honey Lake Valley samples) and Snake River systems. These results will be
considered with those of a companion paper on the genetic variation in this species to more adequately assess the
pattelfls ofdifferentiation in Thomomys townsendii.
'

Key words: Thomomys townsendii, pocket gophers, morphological variation, geographic variation, sexual
dimorphism.

For many years pocket gophers of the
genus Thomomys have been examined and
discussed in the context of their tendency to
differentiate. In his monograph on Thomomys, Bailey (1915) detailed the biology of this
"plastic group," including variation in body
size and coat color, and correlated environmental factors such as soil color and texture.
He noted the correspondence of the limits of
many races with physiographic features or cli~
matic areas.
Relationships between the topographic and
climatic diversity of California and its numerou~ forms of pocket gophers were considered
by Bailey (1915) and in greater detail by Grinnell (19~7). Grinnell cited the fossorial nature

of pocket gophers and their relative inability
to disperse over land as biological factors affecting isolation and differentiation of gopher
populations. He cited unsuitable soils (such as
lava flows), rivers, and insufficient food resources characteristic of dry or alkaline areas
as environmental factors that isolate populations from one another. Distribution of the
different forms often adheres to altitudinal or
climatic boundaries, and features distinguishing these races reflect the nature ofthe habitat
in which they are found.
Since these .early studies, investigators
have continued to focus on defining and understanding morphological variation within
the family Geomyidae. A variety offactors has

IDeparlment ofZoology, Field Museum ofNatural History, Chic-ago, Illinois 60605.
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Fig. 1. Map of the present distribution of Thomomys townsendii modified from Davis 1937 and Hall and Kelson
1959: 1, T. townsendii bachmani; 2, T. townsendii relictus; 3, T. townsendii nevadensis; 4, T. tOtvnsendii elkoensis; 5,
T. townsendii townsendii; 6, T. to~endii owyhensis; 7, T. townsendii similis.

been discussed as possible .determinants of
the patterns of variation seen among popula~
tions, subspecies, and species of pocket gophers (Davis 1938, 1940, Ingles 1950, Thaeler
1968, Smith and Patton 1980, 1988, Patton
and Brylski 1987, Patton and Smith 1989).
Davis (1938) found size in Thomomys to be
directly correlated with soil conditions and
inversely correlated with elevation. In addition to establishing that larger forms of Thomomys are found in deeper soils at lower ele~
vations, Davis also found that larger gophers
are more sexually dimorphic. A recent study
by Patton and Brylski (1987) demonstrates
that body size and sexual dimorphism in
pocket gophers are strongly influenced by the
nutritional value of their food, while variation
in shape is more likely to reflect genetic
changes.
Davis (1937) examined morphological dif~
ferentiation across the range ofT. townsendii:

This species of pocket gopher is discontinuously distributed through northeastern California, northern Nevada; southeastern Oregon and southern Idaho (Fig. 1), where its
range is restricted to deep lacustrine or fluvi~
atile soils. Discontinuities in the distribution
reflect barriers in the form of e:q>anses of un~
suitable desert soils and lava flows and the
presence of competing gopher species. Davis
(1937) identified these features in his analysis
of T. townsendii and indicated their importance in influencing the differentiation of the
species into the seven subspecies recognizable on the basis of morphological characters.
This study examines variation in external
and cranial characters both within and among
populations of Thomomys townsendii and
compares these patterns to the results of
Davis's study. In a companion paper (Rogers
1991) results of genetic analyses are also
considered. To help explain the resulting
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patterns of differentiation, the analysis drq.ws
Four external q.nd 28 cranial measurements
from imormation regarding the biogeographic were recorded for each indiVidual. Total
history of the area, aspects of gopher popula~ length (TOL), tail length (TAL), hind foot
tion biology, and evolutionary relationships length (HFL) and ear height (EH) were
within the genus Thomomys. The motpholog~ recorded directly from the skin tag of each
ical differentiation and taxonomy outlined by specimen. Cranial dimensions were meaDavis (1937) are reexamined in the context of sured with dial calipers. These measure~
patterns of morphological and genetic differ~ ments, illustrated in Figure 3, are as follows:
entiation shown in these analyses.
occipito-nasallength (ONL), basilar length of
Hensel (BAL), zygomatic breadth (ZB), masMATERIALS AND METHODS
toid breadth (MASB), interorbital constricAging Criteria
tion (IOC), rostral length (RL), nasal length
An age category, based upon the degree (NL), rostral Width (RW), diastema length
of fusion of the basioccipitallbasisphenoid (DIAS), palatal width (PAtW), bullar length
and the supraoccipital/exoccipital sutures of (BUL), rostral depth (RD), cranial depth
the skull (Hoffmeister 1969, Honeycutt (CRD), frontal length-total (FRLT), width
and Schmidly 1979, Patton et al. 1979), was foramen magnum (WFM), height foramen
assigned to each of 628 individuals examined. magnum (HFM), frontal length-medial
Each suture was scored on a scale of 1 to 3, (FRLM), dorsal length orbit (DLO), ventral
with 3 being the most complete stage of fu~ length orbit (VLO), braincase depth (BRCD),
sion. The scores for the two sutures of each width premaxillary tongue (PMXT), premaxil~
individual were then summed to arrive at an lary width (PMXW), length maxillary mortise
(MAXM), tooth row length (TRL), depth jugal
age~class value for each individual. The utility
ofthese aging criteria Was tested by examining (DJUG), length anterior edge jugal (LAJ),
the correspondence of the age categories to breadth zygomatic arch (BZA), and distance of
molt stage and body size. The large sample procumbancy (DPRO).
A subset of 128 specimens in adult pelage
from Honey Lake Valley was used to miniwere
selected for color analysis. These indimize any geographic COmponent of the varia~
tion. Males and females were treated sepa- viduals represented both .the geographic
rately due to the marked sexual dimorphism range (Appendpc) and the variety of pelage
often found in geomyids (Merriam 1895, Bai- colors visible ainong the available samples for
ley 1915, Hoffmeister 1969, Honeycutt and each of the seven subspecies.. Albino and
Schmidly 1979, Patton et al. 1979). For analy- melanic individuals were excluded from the
ses ofinterpopulation variation the remaining analysis. To increase sample size,' the 31 localpopulation samples Were also categorized ities used in the morphological analyses were
based on cranial suture criteria. Only speci- grouped by geographic proximity into 13 units
mens judged to be adults were used in subse~ and assigned alphabetical designations, A- M.
Variation in mid~dorsal pelage coloration
quent morphometric analyses, with the ex~
ception of juveniles in adult pelage, which was quantified· using a Bausch and Lomb
were used only in the analysis of pelage col- Spectronic 505 recording spectrophotometer
equipped with a visible reflectance attachoration.
ment (for details of colorimetric techniques
Analysis of Morphological Characters
see Bowers 1956, Selander and Johnston
A total of 477 adult Thomomys townsendii 1967, and Genoways 1973). For each animal,
were measured for analysis of morphometric trichromatic coefficients (x, y, a.nd z) were devariation. In most instances localities were rived from curVes of percentage reflectance.
pooled based On geographic proxiinity in or~ Values for percent brightness(= value), dom~
der to increase sample sizes. The resulting 31 inant wavelength (= hue), and percent excita~
composite localities are shown in Figure 2, tion purity (= chroma) were calculated from
and their component localities are listed in these coefficients.
the Appendix. All localities were included in
Statistical Methods
analyses ofinterpopulation variation. The two
Honey Lake Valley localities were used to
The Statistical Package for the Social Sch
examine aspects of nongeographic variation.
ences (SPSS, Nie et al. 1975), versions of

.
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Fig. 2. Map of samples fot morphological analysis (circles) and sites from which fossil material of Thomomys
townsendii has been found (triangles). Inset shows detail of distribution oflocalities within the Honey Lake Valley.
Locality information for recent material is given in the Appendix. Fossil localities are as follows: (a) Fossil Lake, Lake
Co., Oregon (early-mid-Wisconsin; Elftman 1931, Allison 1966); (b) Wilson Butte Cave, Jerome Co., Idaho (late
Wisconsin to Recent; Gruhn 1961); (c) American Falls, Power Co., Idaho (Sangamonian; Gazin 1935, Hopkins et al.
1969); (d) Rainbow Beach, Power Co., Idaho (late Wisconsin; McDonald ahd Anderson 1975); (e) Wasden Site,
Bonneville Co., Idaho (late Wisconsin to Recent; Guilday 1969).

ANOVA, and discriminant function analysis
were utilized for the analyses. Matrices of F
values generated by discriminant function
analyses ofcranial morphology were clustered
using the NTSYS program of Rohlf et al.
(1980) as edited for use at University of California, Berkeley, by T. Duncan. Cranial and
external data were analyzed using the tJ niver~
sity of California, Berkeley, computing facili~ .
ties. Analyses ofthe three color variables were
performed on the Amdahl 410 at the Univer~
sity of Chicago Computation Center.
In establishing aging criteria, t tests were
used to compare. the mean body weight and
mean total length of adult and juvenile age
classes from the Honey Lake Valley sample.
The Honey Lake Valley adults (41 males, 25
J

females) were examined to assess age and
sex components of intrapopulation variation
in the 28 cranial and 4 external characters.
two~way ANOVA tables were calculated for
each of the 32 variables to determine the
extent of variation among adult age classes,
to assess secondary sexual variation, and to
examine interaction effects.
the extent and nature of variation in each
of the 32 morphological characters across the
range of T. townsendii were examined using
one-way ANOVAs. In addition to the statistics
generated for the intrapopulation analyses,
homogeneous sllbsets of samples Were established by Duncan's multiple range tests (a =
.05). All adult specimens, representing 3110calities, were utilized for the interpopulation
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Fig. 3. Twenty-eight cranial dimensions utilized in morphological analysis. AbbreviatiOns correspond to the
following dimensions: ONL, occipito-nasallength; BAL, basilar length of Hensel; ZB, zygomatic breadth; MASB,
mastoid breadth; IOC, interorbital constriction; RL, rostral length; NL, nasal length; RW, rostral width; DIAS,
diastema length; PALW, palatal width; :aUL, bullar length; RD, rostral, depth; CRD, cranial depth; FRLT, frontal
length-total; WFM, width foramen magnum; HFM, height foramen magnum;FRLM, frontal length-medial; DLO,
dorsal length orbit; VLO, ventral length orbit; :aRCD, braincase depth. Lowercase letters correspond to the following
dimensions: a, width premaxiUary tongue (PMXT); b i premaxillary width (PMXW); c, length maxillary mortise
(MAXM); d, tooth row length (TRL); e, depth jugal (DJUG); f, length anterioredge jugal (LAJ); g, breadth zygomatic
arch (BZA); h, distance ofprocumbancy (DPRO).

comparisons. Since some localities were not
represented by both male and female speci~
mens, a total of 30 samples of females and
24 samples of males were analyzed. For c1ari~
fication, presentation of the results of these
,analyses may refer to the broad alphabetical
locality designations described above, .but
morphological analyses were, performed on
the smaller population units.
Multivariate techniques were perfornied
on the 28 cranial measurements for the 30

female and 24 JP.ale population samples usiIl.g
discriminant function analysis. Individuals
with missing values for any of the variables
Were excluded from the calculations. A step~
wise method was chosen for the entry of the
variables into the analysis, using the maximum Mahalonobis distance as the selection
criterion. A matrix of F-ratios for each pair
of groups was calculated after each step, testing the significance of the Mahalonobis distance between groups. Discriminant function
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sexual dimorphism is pronounced. ANOVA
results indicate that only TRL (P < .01) and
LAJ (P < .05) show Significant differentiation
among age classes. The overall lack of appre~
ciable age effect across the 32 characters indicates that there are only minor differences in
the dimensions of the skull or body that correspond to suture fusion classes. However,
there is significant (P < .01) variation between
the sexes for all but four of the characters
examined: EH, laC, HFM, and PMXT. Only
TRL shows a Significant (P < .05) interaction
effect between age and sex. It is important to
note that the Significant age effect found in
TRL is dependent on the sex ofthe animal.
Due to the homogeneity among adult age
classes, analyses of geographic character
trends were performed without distinguishing among thelI!. However, since the majority
of the characters analyzed do indicate secondary sexual variation; the sexes were
treated separately here as in other studies
(Patton et al. 1979, Smith and Patton 1988).
Adult male skulls can become larger and more
RESULTS
heavily ridged than female skulls in instances
Aging Criteria
of pronounced sexual dimorphism and can
Results obtained from Honey Lake Valley therefore introduce ontogenetic variation
animals indicate that the adult age category, that could confuse the evaluation of adult·
based on cranial suture criteria, is well differ~ skull morphology (Merriam 1895, Bailey
entiated by body weight and total length 1915, Grinnell 1935). Since characters of the
from the juvenile category. t tests show the more uniform female skull are more reliable
two age categories (classes 1-3 and 4-6) differ for phylogenetic interpretations, females
Significantly (P < .05) in body weight and have often been the focus of morphological
total length. Examination of molt stages of descriptions (Grinnell 1931, 1935, Davis
individuals from Boney Lake Valley shows 1937). Discussion ofthe results ofsome analy~
that the majority (96%) ofthe individuals cate- ses in this study Will also emphasize females.
gorized as haviI\g adult crania (age classes 4,5,
Interpopulation Variation
and 6) were in full adult pelage. "Adult"
ANALYSIS OF CRANIALAND EXTERNAL CHARACpelage does not necessarily correspond to reproductive maturity or fully fused sutures, as TERS.-Univariate analyses of each of the 32
the juvenile pelage is replaced within the first variables examined across the 31 localities re~
several months of life (Howard and Childs veal Significant (P < .001) levels of variation
1959) and some individuals seem to be breed- among populations for both males and fe~
ing before reaching full adult pelage. It does; males. Despite overall significance of variahowever, represent a chronological stage that tion in each of these characters, inspection of
is, in this case, completed by the time the the means and ranges across the populations
individual has reached adult stages of cranial reveals general homogeneity and little subspecific or regional cohesiveness. Based on
development.
the F-ratios of the variables, characters such
Intrapopulation Variation
as NL, CRD, PMXT, and LA.J suggest clearer
ANALYSIS OF AGE AND SEX EFFECTS. ~Analy~ population differentiation. The distinction be~
ses of the Honey Lake sample suggest that tween populations may be more apparent for
variation among the three adult age classes of these characters, but in some cases it reflects
Thomomys townsendii is negligible, whereas differentiation between populations of the

coefficients for each variable and discriminant
scores for each individual were calculated.
Individuals were plotted two~dimensionally
based on discriminant function (DF) 1 and
DF2 scores with group centroids indicated.
Classification information was. provided, indi~
cating the a posteriori probabilities ofan individual belonging to its actual group and to the
next closest group. Males (n = 211) and fe~
males (n = 266) were treated separately in all
univariate and multivariate analyses.
Pelage data (values obtained for bright=
ness, wavelength, and purity) Were subjected to
similar univariate and multivariate analyses, except that four different groupiI\g schemes were
employed in order to define regional patterns of
pelage variation. Data were grouped by locality
(1-31), by locality groups (A-M), by subspecies,
and by major geographic region (Humboldt
River, Snake River, Honey Lake Valley). Each
grouping scheme was treated separately for each
analysis.
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1. Relative contributions of the first 11 discriminant functions ofthe analyses of26 cranial characters.
Females

Males

DF

% variance

Cum. %

Eig. val.

% variance

Cum. %

Eig. val.

1
2
3
4
5
6
7
8
9
10

30.24
15.96
11.55
9.18
5.63
4.20
3.73
3.66
2.81
2.51
2.16

30.24
46.19
57.74
66.93
72.56
76.76
80.49
84.14
86,95
89.46
91.63

7.540
3.979
2.880
2.290
1.405
1.048
0.929
0.912
0.700
0.627
0.540

39.89
14.44
8.70
7.32
6.12
5.08
3.66
2.85
2.77
1.98
1.71

39.89
54.33
63.02
70.34
76.46
81.55
85.21
88.06
90.83
92.81
94.52

9.453
3.422
2.061
1.734
1.451
1.204
0.868
0.675
0.656
0.470
0.406

11

same currently recognized subspecies. NL
values for populations of Thomomys town~
sendii townsendii, for example, encompass
nearly the full range ofvalues for the 30 female
samples. In addition, subsets established by
Duncan's multiple range tests indicate a large
amount of overlap among the 31 samples,
for all variables. In ranking the population
means for each variable, no geographic trend
is apparent; rather, a patt!3rn ofinterdigitation
of representatives from differellt geographic.
and subspecific units emerges. In instances
where populations are ranked into nonoVerlapping groups, populations of a given sub~
species or geographic region are likely to be
found in each group. For example, popula~
tions ofT. t. townsendii, T. t. elkoensis, and T.
t. bachmani are found in each oftwo nonoVerlapping subsets that represent the highest and
lowest values for CRD.
Discriminant function analysis was ulti~
mately performed using 26 of the 28 cranial
characters in order to maximize sample size.
By removing LAJ and DPRO, characters that
were often represented by missing values, the
sample size increased With little effect on the
ability to differentiate among the 31 popula~
tions. The discriminating power of the 26 cranial variables is comparable for the two sexes.
Eigenvalues and percent variation for each
discriminant function are given in Table L
For females, the first 10 functions are needed
before roughly 90% of the existing variance is
used to distinguish between the populations.
The first nine functions are necessary in the
discrimination of males. Among females, the
main contributing variables for DF1 are
ONL, BAL, RL, NL, and CRD. Those for
DF2 are RL, NL, RD, MAXM, and DJUG.

Ninety-six percent ofspecimens ofeach sex
are correctly classified by the a posteriori
probability of group membership of' each
specimen. Misclassified individuals are often
placed in populations of another subspecies..
While Snake River individuals are, with one
exception, classified into other populations of
that region, Humboldt River animals are
sometimes placed in one of the Honey Lake
Valley populations and vice versa.
The two-dimensional plots of individual
scores show considerable interpopulation
overlap in scores for DF1 and DF2 (see Figs.
4,5). Despite this remarkably low amount of
differentiation, discriminant function analyses succeed in revealing some patterns. Along
DF1 Snake lliver populations fOrin a more
cohesive unit than that seen in the ANOVA
results. A broad range in values is seen in the
Humboldt River representatives. In fact, the
range of coefficients found within T. t. bach~
mani alone (populations 1-9; see map, Fig. 2)
nearly encompasses the DF1 values of the
entire Humboldt River region. Some of the
variation seen Within T. t. bachrruini is due to
the deviation ofpopulations 4 and 8 (Malheur
Lake arid Narrows region of Oregon) from the
other samples of that subspecies (extreme
southeastern Oregori, Quinn River, and
Humboldt River areas). Also noteworthy is
the similarity of Honey Lake Valley (T. t.
relictus) populations in DF1 to the populations of southea.stern Oregon and Nevada.
Iridividual scores show less obvious re~
gional differentiation in DF2 than in DFl.
The patterns seen for this function are subtle
and involve within~subspecies differentiation;
they are similar for both males and females.
Nearly the full range of DF2 is fourid among
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Fig. 4. Polygons encompassing individual scores for DF1 and DF2 fot females from Honey Lake Valley (HLV),
Humboldt River (HR), and Snake River (SR). Population centroids are indicated by numbered symbols. DF1 and DF2
represent 30.2% and 16.0% ofthe variance, respectively.

the Humboldt River animals. Honey Lake
Valley animals fall into the same range as
western T. t. townsendii populations (23-26,
28, 29) from along the Snake River. As seen in
the ANOVA results, eastern populations (22
and 27) of T. t. townsendii are distinct from
the majority ofthe samples ofthat subspecies.
The easternmost populations of T. t. elkoensis
(10 and 14) are also differentiated from the
remainder of that subspecies. The significance ofthese deviations from subspecific and
regional cohesiveness will be discussed later.
Matrices of F-ratios generated with the
final steps of the discriminant function analy~
ses were used to illustrate interrelationships
of the 31 populations. A UPG:MA phenogram
summarizing these ratios was generated
for each sex (Figs. 6, 7). The phenograms
provide a summary of the contributions of ail
discriminant functions. The patterns mentioned above for DF1 and DF2 are apparent:

(1) subspecific and regional units are not
readily distinguishable due to a large degree
of overlap, (2) Snake River populations show
a tendency toward cohesiveness, and (3)
most intra-subspecific deviations in character
trends are geographic subunits segregated in
DF1 (populations 4 and 8 of T. t. bachmani)
and DF2 (populations 22 and 27 of T. t.
townsendii, populations 10 and 14 of T. t.
elkoensis; see map, Fig. 2). In addition, populations ofT. t. relictus and T. t. nevadensis and
populations 4 and 8 ofT. t. bachmani are well
differentiated from the remaining groups
based on F-ratios.
ANALYSIS OF PELAGE COLORATION.-The

means and ranges of the three color variables
for each locality are listed in Table 2. Discriminant function analyses of localities and
locality groups show a substantial degree of
overlap in coloration across the range of Thomomys tOivnsrmdii. In the analysis of locality
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Fig. 5. Polygons encompassing individual scores for DFI and DF2 for males from Honey Lake Valley (HLV),
Humboldt River (HR), and Snake River (SR). Population centroids are indicated by numbered symbols. DFI and DF2
represent 39.9% and 14.4% of the variance, respectively.

groups, only 29.69% of the cases were correctly classified using the three color variables
as discriminators. The misclassified individuals were frequently placed into locality groups
of other subspecies or into another major geo"
graphic region. Of the total variance, 73.97%
is associated with the first discriminant function, which is most strongly represented by
brightness. The contribution of brightness is
similar in the discriminant function analyses
at aU levels.
The distribution of DFI scores is graphically superimposed on the means and ranges
for brightness in Figure 8, illustrating the concordance of the DF1 scores and brightness
values and highlighting the contribution of
brightness to DFl. Some separation along the
function is apparent. For example, while populations ofT. t. elkoensis, T. t. similis, and the
eastern population (J) of T. t. townsendii are
similar in ranges of DFI values and group

means, they do not overlap with the' values
for T. t. nevadensis. However, there is a range
of overlap along DF1, corresponding to a
range of brightness values (10-15%), within
which all locality groups are represented. If
one were to characterize, in general terms,
the pelage coloration at the subspecific level,
T. t.elkoensis, T. t. similis, T. t. owyhensis,
and most T. t. townsendii are relatively dark
(locality means for brightness, x = 9-11%);
T. t. bachmani, T. t. relictus and some T. t.
townsendii are brighter (X = 11.5-14%); T. t.
nevadensis is the brightest (x = 17%).
If variation in pelage color is considered in
the context of subspecific ranges or broader
geographic units, there is a somewhat clearer
pattern of differentiation from what is seen at
the population level. Discriminant function
analyses perfon:ned on localities grouped by
subspecies or regions show increased discriminating power (percent correctly classified:
39.84 and 50.00, respectively).
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Fig. 7. UPGMA phenogram based on F"ratios from
discriminant function analysis ofmales. Lowercase letters
refer to subspecific designations and ate followed by
population. numbers.

Aru1lyses of variance con.fum the relative
importance of brightness :ip determining geographic treIlds in coloration. 0fthe color vari=
abIes examined, brightness shows the most
significaIlt level of variation ;It every level of
analysis. Amounts ofbetween~gro1ipvariation

for wavelength and purity become insignifi=
cant (P > .05) when examined at the sub=
specific and/or regional levels. The homoge=
neous subsets of locality groups established
by Dllncan's multiple range tests (Fig. 9)
again show T. t. nevadensis of central. Nevada
as clearly differentiated from all other populations. The other subsets encompass popu=
lations from different subspecies and from
different geographic regions. When the subspecies are compared as units, T. t. elkoensis,
from the eastern Humboldt River drainage, is
grouped with T. t. similis from the Snake
River. Comparison of the three geographic
regions shows that animals from Honey Lake
Valley and the Humboldt River are, in general, more similar in brightness values to each
other than either is to the Snake River animals.
COLOR VARIANTs.-Thomomys townsendii
occUrs in a melanistic form as well as in the
range ofcolor morphs described above (Bailey
1915, Davis 1937). In addition, in this study
one pure white individual was trapped at
6 mi. SE Murphy, Owyhee Co., Idaho.
Melanic gophers formed a larger component
of the specimens examined, being found in
three of the seven subspecies with the following frequencies: T. t. bachmani, 8.25%; T. t.
relictus, 0.57%; T. t. totvnsendii, 4.69%. In
addition to these peiage morphs, a white
"blaze" was frequently seen on the heads of
indiViduals from two subspecies: T. t. relictus,
17.61%; T. t. owyhensis, 11.95%.
DISCUSSION

The results ofthis study ofThomomys townsendii have shown general homogeneity in
external, cranial, and pelage characters across
a very broad and disjunct geographic range.
Pocket gophers have long been noted for their
adaptation to the soils they inhabit, especially
in the differentiation of pelage coloration and
body size (Grinnell 1927, DaVis 1938, Ingles
1950). More recently, an emphasis has been
placed on the role of the nutritional value
of availabie food in determining body size
(Smith and Patton 1980, 1988, Patton and
Brylski 1987). The homogeneity seen in
T. totvnsendii body size might be explained
by the preference of this species for the deep
lacustrine soils of the Great Basin. However,
without further investigations it is difficult to
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TABLE 2. Means and ranges for color variables brightness, wavelength, and purity.
Locality

1

n

7

Brightness

Wavelength

10.98
( 7.26-14.28)
14.15
(1l.30-17.04)
14.37
(1l,96-17.20)
12.55
(10.38-14.22)
16.72

582.14
(580-583)
582.50
(582-583)
582.00
(581-583)
581.17
(580=582)
580.50
(580-581)
581.00
(581-581)
582.90
(582-584)
582.00

2

4

3

4

5

6

6

4

7

2

8

10

12049

9

1

( 9.91-14.66)
10.82

10

10

(15041-17.72)

14,93
(12.93-16.92)

Purity

15.94
(

5.98~24.95)

25.18
(20.62-27.69)
20.08
(16.70-22.39)
15.19
(10.10-17.26)
22.89
(21.71-24.03)
20.95
(19.36-22.55)
21.11
(15.94-27.37)
14.01

..

11

6

12

1

9.20
( 7.02-11.31)
8.96
( 7.69-10.96)
11.12

13

1

9.33

582.00

14.98

15

II

582.09
(581-58.<10)

16

5

17.02
(14.15"':20,19)
9.88
( 8.66-12.44)
11.04
( 9.42~14.26)
13.08
(12.29-13,87)
9.44
( 7.24=10.88)
9.18
( 6.83-10.75)
9.18

23.37
(18.84-27.80)
17.84
(15.31-24.20)
21.07
(16.15-29.24)
25.34
(20.18-30.50)
17.27
(10.63-20.83)
11.76
( 5.31-18.76)
19.05

17

7

18

2

19

5

580.80
(578-582)
582.67
(582-584)
581.00

( 3.33-26.69)
12.16
( 6.61-16.87)

583040

(583-584)
582.7:1.
(581-584)
583.00
(583-583)
582040

(581-584)
582.56
(580-586)
582.00

12.12

15048

20

9

21

1

22

1

6.87

583.00

6.78

23

5

24

1

n.82
( 9.85-14.16)
13.04

581.80
(581-583)
584.00

19.05
(14.67-25,62)
28.21

25

2

8.35
8.86)
9.94
( 7.58-11.18)

581.50
(581-582)
583.33
(583-584)
582.20
(581-583)
581.20
(580-582)
582.20
(581-583)

19.90
(18.36-21.44)
21.23
(14.65-29.30)
15.85

27

3

28

5

30

5

31

10

(

7.83~

llA3

(10.72-12.22)
13.73
(n. 78- 14,91)
13.76
(1l.97-14.91)

(12.87~19A2)

19.03
(16.44-21.57)
20.30
(17.35-25,04)
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Fig. 8. Plot of individual scores for DF1 from color
analysis and group ranges in % brightness values. Solid
bars represent DF1 scores; triangles indicate group centroids. Open bars represent range in % brightness values;
vertical lines indicate group means. DF1 represents
74.0% of the variance.

say whether the pattern seen is in response to
color or other properties of the soil, ql.lality of
available food, isolation from other" populations, or other influences. The pattern ofmorphological homogeneity seen in T. townsendii
should be noted in contrast to the cranial differentiation demonstrated between subspe~
cies or genetically defined intraspecific units
in Thomomys bottae (Smith et al. 1983, Smith
and Patton 1988) and in Geomys bursarius
(Honeycutt and Schmidly 197'9).
In 1937 Davis modified the status of the
three subspecies of Thomomys townsendii
recognized at the time. From his analysis of
geographic variation in cranial and external
morphology, he concluded that

I
I
II

elkoensis

F

owyhensis

townsendii

K

bachmani

owyhensis

H

relictus

townsendii

l

nevadensis

bachmani

A

bachmani

D

relictus

M

bachmani

C

Snake River

·bachmani

B

Humboldt River

Geographic Region

nevadensis G

c
B

Population Groups

I

Honey Lake Valley

I

I

Fig. 9. Homogeneous subsets based on brightness.
Vertical bars represent homogeneous subsets determined by Duncan's multiple range tests for each of the
three color variables. Pairs of population group means
were compared and placed in a subset if the means were
not Significantly different at the CI. = .05 level. Letters'
refer to population group designations.
7 distinct major centers ofdifferentiation can be recognized, the population in each of which is fairly homogeneous and distinct from any other (Davis 1937:148).

Davis based his subspecific designations on
the differentiation of characters or suites of
characters across geography. In this study
most of the same characters were analyzed;
yet the 'results do not reveal consistent trends
corresponding to subspecific units.
However, Davis (1937) also discussed variation within some of the subspecies he recognized. For example, within T. t. 'bachmani,
animals from Quinn River and the Little
Humboldt River differed from individuals
taken along the Humboldt River between
Lovelock and Battle Mountain. Davis noted
that eastern populations of T. t. townsendii
and T. t. owyhensis were "indistinguishable"
externally and occupied similar soil types but
that they were distinct in qualitative features
of the cranium. Between subspecies two
trends in cranial structure were apparent:
T. t. bachmani was intermediate between
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T. t. relictus and T. t. nevadensis, and T. t.
similis was intermediate between T. t.town~
sendii and T. t. elkoensis..
Some of the analyses of the present study
also suggest both variation within subspecies
and similarities to other subspecies which,
together, contribute to the homogeneity seen
in T. townsendii. For instance, while populations ofT. t. bachmani are very homogeneous
in pelage characteristics, cranial analyses
showed some differentiation among these
samples, the northern populations (4 and 8)
being the most divergent (DF1, also reflected
in F~ratios). The eastern representatives of
T. t. townsendii consistently deviate from the
other populations of the subspecies. While
these populations (22 and 27) are not especially distinctive on DF1 of the cranial analyses, they segregate from the other T. t.
townsendii populations along DF2 and in
the summary of the discriminant function
analyses as shown by F-ratios. The color
analysis represented them as the darkest of
the Snake River populations and, again, segregated from the northwestern T. t. town~
sendii populations.
Cranial analyses also expose differentiation
within T. t. elkoensis between the northeast~
em populations (10 and 14) and those to the
south (11, 12, and 13). These populations are
distinguished along D F2, the scores for populations 10 and 14 being very similar to those of
the Snake River populations. Davis (1937) referred to the affinity between northeastern
T. t. elkoensis and T. t. similis of the Snake
River system in the context of the potential
link between the two river systems. How~
ever, he called them "structurally" similar
without detailing the characters involved.
Pelage characters show T. t. elkoensis to be
more cohesive as a subspecies, but they are
the darkest of the Humboldt River populations and, again, more like the Snake lUver
animals, possibly in response to some of the
environmental factors discussed earlier. Be~
cause color analyses were not performed on
soil samples in this study, an examination of
any adaptive tendency for pelage to match
background soil cannot be undertaken. How~
ever, Great Basin vegetation zones and the
factors that determine these provide aninter~
esting comparison.
The distribution of Thomomys totvnsendii
occurs primarily in two of the vegetation
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zones of the Intermountain Region as described by Cronquist et al. (1972). These are
the Shadscale Zone and the Sagebrush Zone.
Of these two plant communities, shadscale is
more tolerant of saline soils and low moisture
conditions. The distribution ofshadscale communities in the northern Great Basin is nearly
identical to the distribution of the T. town~
sendii populations that exhibit bright pelage.
The distribution of the darker populations,
including T. t. elkoensis and T. t. similis samples, falls in the Sagebrush Zone, which probably corresponds to less saline, moister, and
therefore darker soils. It is also interesting to
note that the eastern T. t. townsendii and
some T. t. owyhensis samples were collected
near one of the transitions between these two
vegetation zones and therefore may also have
come from darker soils.
Although the patterns seen in the morpho~
logical analyses are similar to some that Davis
found, the characters on which these trends
are based are not necessarily the same in both
studies. For example, one of the variables
contributing strongly to differentiation within
T. t. bachmani in the discriminant function
analysis is NL, but in Davis's study nasal
length contributes to the~ cohesiveness of
T. t. bachmani as a unit. .
Of the areas· of differentiation that Davis
recognized, the one represented by T. t.
nevadensis is the most consistently distinguished based on morphological criteria in
this study. Although the pattern of overlap
with other subspecies persists in the results of
all analyses, the T. t. nevadensis sample at
Austin is the most divergent in the discriminant function and color analyses.
Beyond differentiation into seven subspecies, Davis recognized other trends in
T. townsendii. He divided T. townsendii into
two groups based on the breadth ofthe dorsal
surface of the premaxillae. The populations of
the Snake River Plain comprised a narrow
rostrum group, and those of Honey Lake Valley and the Humboldt River drainage had
broader rostra. The present study has also
shown differentiation between the two regions representing the Snake River and Humboldt River drainages. However, based on
analyses ofRW; PMXW, and PMXT, no segregation into broad and narrow rostrum
groups is apparent. It is important to note the
concordance between Davis's results and this
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study in placing Honey Lake Valley popula~
tions within the Humboldt River region. Cra~
nially, T. t. relictus is most similar to T. t.
nevadensis and northern populations of T. t.
bachrnani along DF1 and in the f-ratio phe~
nogram; they are not substantially differfmti~
ated from other Humboldt River animals
along DF2. In color, they are also intermediate relative to Humboldt River popWations.
Multivariate analyses of cranial characters
provide the clearest differentiation between
regions, showing sOme overlap but also considerable segregation along nFl, with the
Snake River samples exhibiting a narrower
range ofDFl values relative to the Humboldt
River populations. None ofthe measurements
relating to rostral width contributes importantly to DF1, although length-related characters do, including RL and NL. In the discriminant functiOn analyses for cranial
characters, most individuals were correctly
classified into their respective populations.
The placement ofthe misclassified individuals
suggests similarities between the Honey Lake
Valley and Humboldt River populations and
greater differentiation ofthe Snake Riverpopulations. In contrast, the color analysis shows
a good deal of overlap in pelage coloration of
animals from the three regiOns. Individuals
were classified into their respective subspecific units only 40% of the time when the
classification Was based on pelage characters,
and the misclassified cases were often placed
into another geographic region.
Animals :from the Humboldt River drainage are more diverse morphologically than
those of the Snake River populations. The
Humboldt River DF1 values for the cranial
analyses are broadly scattered along that
axis. Brightness values for these populations
range from among the darkest to the brightest
known for the species. Although both regions
'include populations that are geographically
well separated :from one iillother, Snake
River populations have somehow maintained
greater morphological homogeneity. there
could be a strong environmental COmponent
to this pattern m the form ofquality ofsoil and
food resources. In addition, the physiographic
history and colonization of the two area,s may
have been stIfficiently different to result in the
varying. degrees of regional differentiation
seen today. These possibilities are considered
further in a companion paper (Rogers 1991).
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Fossil evidence suggests that in relatively
recent times these pocket gophers may have
been distributed along more of the Snake
River basin than they are today. Fossil remains of T. townsendii and related forms are
rare and known only from the northern part of
the townsendii distribution (see Fig. 2). Thomomys scudderi and Thomomys vetus are
both known from Wisconsin deposits at Fossil
Lake, Oregon (Hay 1921, Davis 1937). Both
taxa have been regarded as conspecific with
townsendii or related to it. Elftman (1931)
recognizes fossils from this area as T. town~
sendii. Davis (1937) considered T. scudderi
more similar to bottae and felt T. vetus was
a townsendii relative. Fossils assigned to
T. townsendii have been found in Oregon at
Fossil Lake (early~mid-Wisconsin; Elftman
1931, Allison 1966, Grayson 1982), in Idaho
along the central and eastern Snake River
plam at American Falls (Sangamonian; Gazm
1935), Rambow Beach (Wisconsin; McDonald
and Anderson 1975), Wasden Site (Wisconsin
to Recent; Guilday 1969), and Wilson Butte
Cave (Wisconsin to Recent; Gruhn 1961).
three of these fossil records (Fossil Lake,
Wilson Butte Cave, and Wasden Site) are outside the present range of T. townsendii (see
maps, Figs. 1, 2). Due to the nature of the
fossil materials (often only teeth Or skull fragments), this evidence establishes, at best, that
"townsendii:like" iillimals occurred during
the late Pleistocene in the Snake River Plain
and to the west at Fossil Lake, Oregon.
In summary, the results ofthis study do not
lend support to the seVen subspecific designations established by Davis (1937). There are
ci.i:l:ferences among populations within current
subspecies and similarities between popula~
tions of different subspecies in cranial and
pelage analyses. These patterns suggest some
validity m distinguishmg between the populations of the two river drainage systems and
some weakness in recognizing seven sub~
specific units. Within each river system more
localized differentiation can be shown, such as
the marked divergence of the Austin sample,
but it is subtle and does not Warrant taxonomic
distinction at this point.
However, the results of these iillalyses
deserVe further consideration, as well. It
has been demonstrated that approaches
such as these frequently reflect the environmental component ofthe variation to be found
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among populations, while. historical influences and genetically based variapts ate left
undefined. More detailed apalyses of cranial
shape would give a better indication of what
evolutionary units exist in this species (Smith
and Patton 1980, 1988, Patton and Brylski
1987, Patton and Smith 1989). In a companion
paper (Rogers 1991) I investigate the electro"
phoretic and karyotypic aspects ofvariation in
Thomomys townsendii to supplement the re~
swts ofthis morphological study with informa~
tion that is likely to be more representative of
historical events and more informative about
the phylogenetic history ofthe species (Smith
andPatton 1980). The results of morphological and genetic analyses ate then considered
in the context of the biogeographic history of
the northern Great Basin to present more
clearly patterns ofevolutionary differentiation
of Thomomys townsendii.
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geographic considerations. Great Basin Naturalist Herlong, 4030 ft. (1 female): MVZ 124166; Bird Flat
Ranch, 3 mi. S, 2.7 mi. W Herlong, 4080 ft. (18 males,
51: 127-152.
9 females): MVZ 163597, 163598, 163599, 163600,
Rohlf, F. J., J. Kishpaugh, and D. Kirk. 1980. NT-SYS.
Numerical taxonomy system ofmultivariate statis- 163601, 163602, 163603, 163604, 163605, 163606,
tical programs. Edited for use at the University of 163601-163623; 0.7 mi. S, 3.7 mi. W Herlong, 4020 ft.
California, Berkeley, by T. Duncan, Department (1 male): MVZ 124167; 3.9 mi. W, 2.1 mi. S Herlong,
ofBotany, University ofCalif<1rnia, Berkeley.
4030 ft. (6 males, 2 females): MVZ 130157-130164; GarSelander, R. K., and R. F. Johnston, 1967. Evolution in nier Ranch, 5.0 mi. W, 1.5 mi. S Herlong, 4020 ft.
the house sparrow. I. Intrapopulation variation in (8 males, 5 females): MVZ 130143-130155; 5.1 mi. SW
Herlong (by rd.) (4 males, 3 females): MVZ 149998,
North America. Condor 69: 2i1-258.
Smith, M. F., and J. L. Patton. 1980. Relationships of 150000, 150005, 150007, 150008, 150010, 150012; [31],
pocket gopher (Thomomys bottae) populations of 3.0 mi. S Johnstonville, 4440 ft. (1 female): Mvz 126029;
the lower Colorado River. Journal of Mammalogy Elysian Valley, 5.0 mi. S, 0.1 mi. E Johnstonville, 4360±
ft, (1 male): MVZ 126027; Elysian Valley, 5:3 mi. S, 0.3
61: 681-696.
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mi. E Johnstonville, 4330 ft. (1 female): MVZ 126028; 3.4
mi. W, 3.3 mi. N Litchfield, 4140 ft. (1 male, 2 females):
MVZ 126030, 126031, 126033; 4.2 mi. N, 3.4 mi. E
Litchfield, 4160 ft. (1 female): MVZ 126529; 3.4 mi. W,
4.3mi. N. Litchfield, 4160 ft. (!female): MVZ 126034; 3.5
mi. N and 3.2 mi. W Milford, 4010 ft. (2 females): MVZ
126389, 126390; 0.2 mi. N, 0.2 mi. W Peter Lassen
Grave, 4340 ft. (1 male, 2 females): MVZ 129038-129040;
0.7 mi. N, 0.2 mi. E Peter Lassen Grave, 4280 ft. (1 male):
MVZ 129041; 0.4 mi. E Standish (1 female): MVZ 122150;
2.4 mi. W Standish (1 female): MVZ 122151; Zangger
Ranch, 3.8 mi. W Standish (1 male, 3 females): MVZ
122154-122158; 4 mi. W Standish, 4110 ft. (2 males, 11
females): MVZ 163625-163628, 163629, 163630, 163632,
163633, 163634, 163635, 163636, 163637, 163638; 5 mi.
W Standish (1 male): MVZ 122153; 2 mi. S Susanville
(1 male): MVZ 35271, 35213 *; 3 mi. S Susanville, 4200 ft.
(3 males): MVZ63341, 63342,63343; 3.1 mi. S Susanville,
4200 ft. (1 male, 1 female): MVZ 129252,129253 ;4.5 mi.
ENE Susanville, 4600 ft. (1 male, 2 females): MVZ 63335,
63337, 63338; 1.0 mi. N, 0.3 mi. W Wendel, 4060± ft.
(1 male): MVZ 126035; 1.1 mi. N, 1.4 mi. W Wendel,
4030± ft. (1 male): MVZ 126036; 1.1 mi. N, 3.2 mi. W
Wendel, 4010± ft. (1 female): MVZ 126037; Honey Lake
Refuge, 4 mi. W Wendel, 4000 ft. (1 female): MVZ
114490.
NEVADA: Elko Co., [10], Elburz, 2 mi. W Halleck,
5200 ft. (1 male): MVZ 44442; 11 mi. NE Elko, 5200 ft.
(2 males, 1 female): TCWC 36156, 36157*, 36158, 36160;
4 mi. W Halleck, 5200 ft. (1 female): MVZ 67928; 0.5
mi. SW Ryndon, 5100 ft. (10 males, 10 females): MVZ
163508-163514,163515, 163516-163518, 163519, 163520,
163521, 163522, 163523, 163524, 163525-163527; [14],
24 mi. SE Wells, Independence Valley, 5900 ft. (1 female): MVZ 135331; Eureka Co., [11], Evans (1 male, 1
female): MVZ 70583, 70584; Hay Ranch, 17 mi. SE Palisade, 5160 ft. (3 males, 15 females): MVZ 163528,
163529-163535, 163537, 163538, 163539-163541,
163542, 163543, 163544-163546; [12], 4 mi. S Romano,
Diamond Valley (3 females): MVZ 10587, 70588, 10589;
[13], Winzell (1 male, 1 female): MVZ 70585, 70586;
HUInboldt Co., [2], 1 mi. E Golconda, 4000 ft. (2 females)
and 4100 ft. (1 male): MVZ 94733, 94735, 94736; 18 mi.
NE Iron Point, 4600 ft. (2 males, 1 female): MVZ 67924,
67925, 67926; 1 mi. N Winnemucca, 4600 ft. (3 males,
1 female): MVZ 67929, 67930, 67932, 67933; [5], Big
Creek Ranch, base of Pine Forest Mts., 4350 ft. (2 females): MVZ 7868, 7870; Quinn River Crossing, 4100 ft.
(7 males, 12 females): MVZ 7854-7857, 7859, 7860, 7863,
7864, 7866, 7867, 163082, 163083, 163084, 163085,
163086,163474,163475,163476, 163477; Jackson Creek
Ranch, 17.5 mi. Sand 5 mi. W Quinn River Crossing,
4000 ft. (1 male): MVZ 78655; [6], 6 mi. E Division Peak,
4200 ft. (2 males, 2 females): MVZ 95297, 95298, 95299,
95300; FlowingSp., 7mi. Eand3.5mi. N Division Pk.,
4200 ft. (1 male, 2 females): MVZ 95294, 95295, 95296;
Lander Co., [15], Malloy Ranch, 5 mi. West of Austin,
Reese River, 5500 ft. (12 males, 8 females): MVZ 37061,
37062, 37063-37065, 37066, 37067, 37068, 3706937072, 31074-37078, 37079, 37080, 37082; 5.5 mi. W
Austin, 5700 ft. (5 males, 11 females): MVZ 163549,
163550, 163551, 163552-163557, 163559, 163560,
163561,163562,163563,163564,163567; Pershing Co.,
[3], Lovelock, 3980ft. (2 females): MVZ64830, 64831; Big
Meadow Ranch, Lovelock, 4000 ft. (3 males, 3 females):
MVZ 163011 *,163012,163074,163075,163080, 163081,
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163499; 3.3 mi. SW Lovelock (2 males, 2 females): MVZ
150014,150016-150018; Toulon, 3930 ft. (!female): MVZ
67934; [1], 2 mi. NW Valmy, 4450 ft. (4 males, 17 females): MVZ 163478, 163479, 163480, 163481, 163482,
163483, 163484, 163485, 163486-163489, 163490,
163491, 163492, 163493, 163494, 163495, 163496163498; [6], 11.5 mi. E and 22 mi. N Gerlach, 4200 ft.
(1 male): MVZ 95301.
OREGON: Harney Co., [4], 4 mi. SW Narrows, 4200 ft.
(4 males, 1 female): MVZ 163502, 163504-163507; [7],
Lake Alvord, Alvord Desert (1 female): MVZ 44883; S
end Lake Alvord, 4300 ft. (2 males, 2 females): MVZ
78649-78651, 78652; Borax Sprg., S end Lake Alvord,
4200 ft. (1 male): MVZ 78653; Alvord Valley, T37S, R33E,
W IJ2 sec. 2,7 (1 male): PSM 20393; [8], 20 mi. S, 10.1 mi.
W Burns, 4200 ft. (1 female): OSUFW 2960; 22.5 mi. S,
14.5 mi. E Burns (Malheur Refuge), (2 males, 3 females):
OSUFW 1,2, 3,4, 5; 26 mi. S, 1 mi. E Burns, 4200 ft. (1
female): OSUFW 2961; 28 mi. S, 3 mi. W Burns, 4100 ft.
(1 male): OSUFW: 1646; Malheur Environmental Field
Station, between Nand S Coyote Butte (1 female): PSM
24427; 1 mile east of Malheur Refuge Headquarters (2
males): OSUFW 810,1933; Narrows (5 mi. SW), 4000 ft.
(2 males): MVZ 44885, 44886; Malheur Co., [9], 3 mi. N
McDermitt, Nevada (1 male): PSM 6108.
Thomomys townsendii townsendii
IDAHO: Bannock Co., [20], West Pocatello River bottom, Pocatello (1 male, 3 females): MVZ 46506, 46507,
TCWC 494,495; Pocatello Cr., 1 mi. NE Pocatello, 5000
ft. (3 males, 3 females): TCWC 33059*, 33061, 33062,
33064-33067; 4 mi. NW Pocatello (4 males, 4 females):
MVZ46552,46553-46556,46558-46560;FloydJohnson
Ranch, 4 mi. NW Pocatello, 4500 ft. (6 males, 7 females):
MVZ163639,163640,163642-163645,163648*,163650,
163651, 163652, 163653, 163654, 163655, 163656; Fort
Hall Indian School, 10 mi. N Pocatello (1 male): MVZ
51904; Bingham Co., [20] 1 mi. E Pingree MVZ 72020*,
12021 *; Canyon Co., [25], N side Snake RIver, 4 mi. S
Wilder (1 male, 3 females): MVZ 72012, 72013, 12014,
12015; Elmore Co., [22], 3 mi. E Grandview, 2800 ft.
(3 females): MVZ 163671, 163672, 163673; [21], Hammett (5 males, 4 females): MVZ 72003-72006, 72007,
72008, 72009, 72010, 72011; Owyhee Co., [16], 7.5 mi.
SE Grandview, 2600 ft. (7 males, 16 females): MVZ
163568, 163569, 163570, 163571, 163572, 163513,
163574-163576, 163578, 163579, 163580-163589,
163591, 163592; [17], 5 mi. SE Murphy (2 males, 2 females): MVZ 67495, 61496-67498; 6 mi. SE Murphy,
3000 ft. (2 males, 1 female): MVZ 163593, "163595,
163596; Sinker Creek, 7mi. SE Murphy (1 female): MVZ
67501; Castle Creek, 8 mi. S Oreana (2 males, 3 females):
MVZ 67489,67490,67491,67492,67494; [18], 1 mi. SE
Bruneau, 2600 ft. (1 male, 2 females): TCWC 33055,
33056, 33058; Indian Cove (2 females): MVZ 7200172002; [26], S bank Snake River, Homedale (3 females):
MVZ 71998-72000; Payette Co., [23], 1.5 mi. NE
Payette, 2200 ft. (5 males, 1 female): MVZ 163677163679, 163680, 163682, 163683; 2 mi. S Payette between Payette and Snake Rivers (3 females): MVZ 67502,
67505, 61506; 3 mi. E Payette (4 males, 3 females):
TCWC 25929,25930,25931,25933,25934,25935, 25936;
Power Co., [19], 2.5 mi. NW American Falls, 4500 ft.
(7 females): MVZ 163658, 163660, 163662, 163664,
163665, 163666, 163667; 4 mi. NW American Falls
(1 female): MVZ 67507; [21], 2.5 mi. SW Michaud,
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4400 ft. (1 female): MVZ; 51903; 5.5 mi. SW Michaud,
4400 ft. (1 female): MVZ 51902; Washington Co., [23],
2.9mi. SE Weiser, 2lO0ft. (1 male): MVZ 163687.
OREGON: Malhelir Co., [29], Kane Springs (T21S;
R43E, sec. 4) O~ females): PSM 20390, 2039i; [24], W side
Snake River, Ontario O~ males): MVZ 72017, 72018;
2.5 mi. N Ontario, 2100 ft. (2 males, 7 females): MVZ
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163691, 163694d63696, 163701, 163702, 163704,
163706, 163707; [28], 1 mi. N, 5 mi. E Vale, gsOO ft.
(1 male): OSUFW 3490; 2 mi. N Vale (1 female): PSM
19109; 3.5 mi. S Vale, 2270 ft. (6 males, 2 females): PSM
20382-20389; 5 mi. S, 2 mi. W Vale, 2300 ft. (:I. male):
OSUFW 2695; 6.5 mi. SSE Vale, 2799 ft. (1 male,
1 female): PSM 20380, 20381.

Great Basin Naturalist51{2}, 1991, pp.127-152

EVOLUTIONARY DIFFERENTlA,TION WITHIN TIlE NORTHERN GREAT BASIN
POCKET GOPHER, THOMOMYS TOWNSENDII.
II. GENETIC VARIATION AND BIOGEOGRAPHIC CONSIDERATIONS
Mary Anne Rogers l
ABsTRACT.~Genetic variation across the known geographic range of Thomomys townsendii was examined by starch
gel electrophoresis and nondifferentially stained katyotypes. All specimens examined had a diploid number of76, but
some populations possessed one pair ofacrocentric chromosomes in an otherwise biarmed karyotype. Electrophoretic
~alyses of 16 populations revealed Thomomys toWnsendii to be among the least variable of pocket gopher species
studied. Of 27 loci examined, 17 were monomorphic and heterozygosity values were low (H = .000-.028, Ii = .012).
Genic differentiation between populations was also low (8 = .896-.998,5 = .956) and revealed little concordance with
current subspecific units. The most marked differentiation is between the Honey Lake Valley/Humboldt River region
and the Snake River drainage. Within each of these regions population variation is, in some cases, greater within than
between currently defined subspecies. F -statistics show that the greatest genic differentiation is seen between
populations, and a comparison ofsubspecies within a region shows the greatest homogeneity. The evolutionary history
ofThomomys townsendii is discussed in the context ofboth the phYSiographic ~story of the region and the affinities of
this species to Thomomys bottae. Results of this study and the patterns of differentiation found in the morphological
analyses of the accompanying paper (Rogers 1991) indicate that the only consistent pattern to be discerned from the
overall morphological and genetic homogeneity ofThotnomys townsendii is that between populations ofthe Humboldt
and Snake River drainage systems, which are here assigned to Thomomys townsendii nevadensis and Thomomys
townsendii townsendii, respectively.

Key words: Thomomys townsendii, pocket gophers, genetic variation, evolutionary differentiation, geographic
variation, electrophoresis, karyotype.

Since the revisions by Merriam (1895)
and Bailey (1915), many studies have focused
on defining and. undersbmding Illorphologi~
cal variation within the family Geomyidae.
Aspects of fossoriality, such as specificity to
soil type and low vagility, and enVironmental
influences, such as climate, topography, and
food resources, have long been considered
in this context (Bailey 1915, Grinnell 1927,
Davis 1937, 1940, Hall 1946, Ingles 1950).
More recently, patterns of chromosomal and
electrophoretiC variation have been com~
pared to and correlated with interrelation~
ships among habitat preference, physio~
graphic features, gene flow, and population
size (Patton 1970, 1972, 1981, Nevo et al.
1974, Penney and Zimmerman 1976, Patton
and Yang 1977, Honeycutt and Schmidly
1979, Tucker and Schmidly 1981, Sudman
et al. 1987). To explain the patterns found,
investigators have presented" different arguments for a variety of evolutionary mecha~
nisms. Patterns of genetic variation in pocket

gophers have been attributed to the selective
forces associated with the homogeneous fos~
soria! environment (Nevo et al. 1974, Penney
and Zimmerman 1976) or to a series of stochastic processes and physiographic changes
(Patton 1972, 1981, Patton and Yang 1977).
The geographic distribution and phylogenetic affinities of Thomomys townsendii
make this species an interesting subject for
genetic analyses. The presence of T. totvn~
sendii in the northern Great Basin is influenced by the distribution of deep fluviatile
and lacustrine soils and by the physical and
biological barriers that interrupt and restrict
these habitats. Patton and Smith (1981) examined allozymic and karyotypic reiationships
within the bottae group and determined
T. totvnsendii to be derived from one of the
geographic units of T. bottae. this genetic
evidence and the morphoiogical similarity
found between these two species (Patton and
Smith 1989) provide an evolUtionary framework within Which to interpret the patterns

lDeparnnent ofZoology, Field Museum of Natural History, Chicago, Illinois 60605.
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Fig. 1. Map of localities sampled for eiectrophoretic and karyotypic analyses. Locality information is given in the
Appendix.
.

of allozymic @d karyotypic vaxiation of T.
townsendii. Given the apparent phylogenetic
aJf:iliation, results of genetic· analyses of
Thomomys bottae' synthesized by Patton
(1981) are especially relevant to the present
examination of genetic differentiation within
Thomomys townsendii. In general, genic patterns in T. bottae do not reflect subspecmc,
topographic, or vegetational lJoundaries. ln~
stead, broader geographic units ate defined
both karyotypicallY arid genically. This pat~
tern suggests that environmental factors often
do not explain patterns of genetic vaxiation,
but historical biogeography and features of
gopher populations such as vagility and effec~
tive poplllation size may be infl,uential.
the results of the genetic analyses of this
study and the patterns of morphological varia~
tion discussed in the accompanying paper
(Roger 1991) will be considered in the context
of the biogeographic history of the region
and the phylogenetic affinities of this spe~

cies. These components of the biology of
Thomomys townsendii m'ake it possible to
assess its evolutiOnary differentiation and
the validity ofcurrent taxonomic designations
of this species.
MATERIALS AND M~THODS

Electrophoretic Procedures
During the spring and Summer of 1981
aIld the. spring of 1982, 252 gophers were
collected using Macabee gopher traps. Sixteen populations from areas representing all
seven recognized subspecies and the entire
geographic range of Thomomys townsendii
were sampled. The localities (numbered as
in the accompanYing morphological study
[Rogers 1991]) and sample sizes are detailed
in Figure 1 arid in the Appendix.
These animals were preserved as skin
and skull, skeleton only, or skull only speci~
mens and are deposited in the Museum of
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Vertebrate Zoology, University of California,
Berkeley. Kidney, liver, and hemolysate and
plasma blood fraction samples were prepared
and then frozen in liquid nitrogen. Samples
were later stored under ultra~cold conditions
(-76 C) in the laboratory. Kidney and liver
samples were homogenized iJ:J. grinding buffer
and centrifuged to produce extracts. Extracts
and plasma samples were then analyzed by
horizontal starch gel electrophoresis following
procedures similar to Selander et al. (1971).
The 27 loci scored and the tissue types used
(K = kidney, L = liver, P = plasma) are as
follows: en~ymatic proteins: aconitase (E. C.
4.2.1.3, ACON; K), adenosine deaminase
(E.C. 3.5.4.4, ADA; K), a~glycerophosphate
dehydrogenase (E.C. 1.1.1.8, aGPD; K),
alcohol dehydrogenase (E.C. 1.1.1.1, ADH~2;
L), esterase (E.C. 3.1.1.1, EST-4; K),
glucosephosphate isomerase (E. C. 5.3.1. 9,
GPl; K), glutarnate-oxaloacetate transarninase
(E.C. 2.6.1.1, GOT-I, GOT-2; K), glycep
aldehyde phosphate dehydrogenase (E. C.
1.2.1.12, GAPDH; K), isocitrate dehydrogenase (E.C. 1.1.1.42, lCD-I, lCD~2; K), lactate dehydrogenase (E.C. 1.1.1.21, LDH-1,
LDH~2; K), leucine aminopeptidase (E. C.
3.4.11 or 3.4.13, LAP; K), malate dehydrogenase (E.C. 1.1.1.37, MDH-l, MDH-2; K),
map.nose phosphate isomerase (E.C. 5.3.1.8,
MPl; K), peptidase (leucyl-alanine substrate,
E. C. 3.4.11 or 3.4.13, PEP-C; K), peptidase
(leucyl~glycyl~glycine substrate, E.C. 3.4.11
or 3.4.13, PEP-B; K), phosphoglucomutase
(E.C. 2.7.5.1, PGM-2; K), phosphogluconate
dehydrogenase (E.C. 1.1.1.44, 6 PGb;
K), purine nucleoside phosphorylase (Eo C.
2.4.2.1, NP; K), sorbitol dehydrogenase
(E. C. 1.1.1.14, SORDH; K), superoxide dismutase (E.C. 1.15.1.1, SOD; K); nonenzymatic proteins: albumin (ALB; K), prealbu~
min (PREALB; P), transferrin (TB.F; P).
Karyotypic Procedures
Forty-one animals, representing all recog~
nized subspecies of Thomomys townsendii
(Appendix), were examined. Most were pre~
treated with yeast (Lee and Elder 1980, with
modifications in dosage). Chromosome preparations were made from bone rnarrow cells
as described by Patton (1967) except that
KCI was used as the hypotonic solution. Airdried slides were stained in Giemsa (10%
stock stain solution in phosphate buffer) and
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air-dried before mounting with coverslips.
Determination of diploid numbers and construction ofkaryotypes followed standard pro~
cedures (Bender and Chu 1963, Patton 1961).
Bi~armed chromosomes were categorized
into either a metacentricJsubmetacentric class
or a subtelocentric class after Patton and
Dingman (1970), utilizing the arm ratio criteria of Patton (1967).
Statistical Analyses:
Electrophoretic Data
Alleles were designated alphabetically in
order of irlCreasing mobility, and genotype frequencies were analyzed using the BlOSYS-l
computer prograrn (Swofford and Selander
1981). Analyses of geographic differentiation
utilized Wright's (1978) F ~statistics, and trees
were constructed from coefficients of genetic
similarity and genetic distance (Rogers'S, D
[1972] and modified D [Wright 1978]) using
UPGMA clustering and the distance Wagner
method (Farris 1972).
RESULTS

lntrapopulation Variation
Seventeen of the 27 loci examined were
monomorphic. All polymorphic loci are represented by dominant alleles with frequencies
of 0.95 or less with the exception of
GOT-l (Table 1). This locus is fixed for alter~
nate alleles in the populations of Honey Lake
Valley and the lIumboldt River drainage system versus those of the Snake River system.
Using the 0.95 criterion of polymorphism,
only EST-4 is polymorphic in more than 3 of
the 16 populations studied.
lntrapopulation variation is also low across
loci. Population averages for H (mean pro~
portion of loci heterozygous per individual,
direct count estimate), P (proportion of loci
polymorphic, 0.95 criterion), and A (mean
number of alleles per locus) are presented in
Table 1. the meap. number ofalleles per locus
per population ranges from 1.0 to 1.11, with
a mean across populations of 1.07. The pro~
portion of the: loci that is polymorphic per
population ranges from .000 to .111. Mean
polymorphism, P, calculated across the
T. townsendiipopulations studied, is .053.
Heterozygosity values range from .000 in
Murphy (n = 4) and .002 in Pocatello (n = 19)
to .028 in Grandview~t. (n = 8). The average
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TABLE

2. Matrix ofbetween-population genetic similarity using Rogers'S (1972).
3

1

5

.971
.971
.949
.959
.965
.938
.962
.972
.938
.935
.929
.940
.935
.924
.933
3

.988
.967
.977
.986
.957
.981
.991
.958
.956
.950
.957
.929
.945
.953

.966
.976
.985
.955
.979
.989
.955
.952
.946
.957
.929
.941
.950

1

5

Population
3 Lovelock
1 Valmy
5 Quinn River
4 Narrows
10 Ryndon
11 Palisade
15 Austin
30 Herlong
31 Standish
19 Amer. Falls
20 Pocatello
16 Grandview-o.
17 Murphy
22 Grandview-t.
23 Payette
24 Ontario

TABLE 3.

.955
.961
.934
.975
.973
.933
.930
.925
.935
.907
.920
.929
4

.973
.960
.968
.977
.944
.940
.935
.945
.918
.930
.942
10

.953
.975
.985
.953
.956
.956
.951
.925
.949
.952

.948
.958
.924
.921
.915
.924
.896
.910
.921
15

11

.990
.948
.945
.939
.949
.921
.934
.943
30

.958
.955
.949
.958
.930
.944
.953
31

.997
.991
.998
.970
.986
.995
19

.994
.995
.967
.989
.994
20

.989
.966 .972
.988 .985 .957
.988 .994 .966 .987
22
23
17
16

Rogers'S (1972) coefficient ofsimilarity averaged by subspecies and by region.

# pops.

1

2

4
2

4 relictus
5 similis
6 owyhensis
7 townsendii

1
2
2
2
3

.969
.970
.946
.978
.945
.942
.933

.973
.956
.976
.948
.947
.936

Region

# pops.

1

2

3

7
2
7

.964
.974
.937

.990
.945

.984

Subspecies
1 bachmani
2 elkoensis
3 nevadensis

1 Humboldt River
2 HoneyLake
3 Snake River

3

****
.953
.923
.920
.909

4

5

6

7

.990
.952
.949
.938

.997
.995
.984

.989
.982

.970

****Only one population included.

heterozygosity was calculated across the 12
populations .2.f n 2:: 10. The value for H was
not altered (H = .012).
Interpopulation Differentiation:
Electrophoretic Analysis
The populations ofT. townsendii examined
were arranged within four hierarchical levels:
local population, subspecies, region, and species. The geographic regions (and corresponding subspecies) included the following: the
Humboldt River drainage system (T. t. bachmani, T. t. elkoensis, T. t. nevadensis), Honey
Lake Valley (T. t. relictus), and the Snake
River drainage system (T. t. owyhensis, T. t.
similis, T. t. townsendii). Tables 2 and 3 rep~
resent the matrices of genetic similarity based

on Rogers' S (1972) for the 16 populations,
7 subspecies, and 3 regions examined.
The range in similarity values for the populations of T. townsendii is .896 to .998, with
S = .956. Examination of the subspecific and
regional treatments ofthese data reveals some
discordance between subspecific or regional
affinity and degree of genetic similarity. For
example, in Tables 2 and 3 some populations
of T. t. bachmani exhibit, on average, more
genetic similarity to T. t. elkoensis and T. t.
relictus than to other members of their own
subspecies. These results are similarly displayed in the regional comparison where
some populations of the :Humboldt River
region show a higher average similarity to
Honey Lake than to some of the other populations within the Humboldt River system.
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Fig. 2. Contour diagram derived from UPGMA phenogram based on Rogers' (1972) coefficient of simiiarity, S.
Intervals represent a Rogers'S of .01. Goodness"of-fit statistics for phenogram are as follows: Farris (1972) F = 0.977,
Prager llI1d Wilson (1976) F = 0.852, percent standard deviation of Fitch and Margoliash (1967) = 1.187, cophenetic
correlation coefficient = 0.882.

The Snake River subspecies are, however, on
average most similar to the other subspecies
of that region.
The unweighted pair group method of
analysis was employed to cluster these data
and illustrate these same trends in interpopu:
lation similarities. Figure 2 presents the
results of this analysis in the form of a con~
tour diagram. Beyond general homogeneity
among the T. townsendii populations (5 =
.939), the most obvious feature of the contour
diagram is the separation of the Honey Lake
Valley and Humboldt River populations from
the Snake River populations, forming two
major clusters (5 > .95). This dichotomy is
concordant With subspecmc designations and
hydrographic relationships. Within each clus~
ter, however, similarity values do not correspond to current taxonomy or geographic
affinities. For instance, within the Humboldt

River/Boney Lake cluster, the populations of
geographically peripheral T. t. relictus (Stan:
dish and Herlong) show affinities to soine of
the populations of the Humboldt River subspecies. The Standish population from Honey
Lake Vailey llnd the Valmy, population from
north central Nevada are the most similar pair
of that major cluster and are therefore more
similar to each other than either is to any other
representative ofits own subspecies. The T. t .
nevadensis sample from Austin is the most
divergent population from the Humboldt
River region. Within the Snake River cluster,
the greatest genic similarity values are also
found between geographically well~separated
populations. Gtandview~t.> aT. t. townsendii
population situated centrally in the Snake
fuvet distribution, is the most differentiated
population of that cluster.

T. t. etko.nata

0
6-

T. t. bachmanl

_ -.........----...,;,,;;.0,;;;80;...----.....~
......_.;,;;,0~22
0 Valmy (1)

T. i. nevllijeijsls

0

T. to r8l1c~iJs
T. t. o~yhifiJils

0

i

T. t. a/iiillls

..

T. t.
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Fig. 3. Wagner tree based on Wright's (1978) modification of Rogers' D. Tree is rooted at midpoint and Was
constructed using Swofford's (1981) optimization algorithm. Goodness"of"fit statistics for tree are as follows: Farris
(1972) F = 0.631, Prager and Wilson (1916) F = 3.255, percent standard deviation of Fitch and Margoliash (1961) =
9.358, cophenetic correlation coefficient = 0.995.

Figure 3 provides a phylogenetic tree
produced by the distance Wa:gnerprocedure
of Farris (1972) based on Wright's (1978)
modification of Rogers' D. Additional trees,
constructed with and without the use of
Swofford's (1981) optimization algorithm a,nd
using Rogers' D (1972,), give the same general
topology. The most notable difference among
these trees is in the position of the divergent
populations within the Humboldt lliver
cluster. Trees generated using Rogers' D
(1972) show these populations arising frolIl
within different small clusters (all separated
from adjacent clusters by branch lengths less
thap. .01), in contrast to their peripheral position in trees generated with the modffied
Rogers' D (Wright 1918). Of the four trees
generated, the one presented in Figure 3 Was
chosen for its high correlation coefficient
(range in cophenetic correlation coefficients

=

.986~.995).

Several features are shared by the contoUr
diagram derived from the UFGMA phenogram and all four Wagner trees. The most
notable is the existence of two major clusters
that separate the populations into the two
river drainage systems. DiVergent popula~
tions within each of these clusters are consistently well differentiated in all the algorithm/
coefficient combinations utilited. These pop~

ulations are Austin, Narrows, Lovelock, and
Grandview-t. Each main cluster consists of a
group ofpopulations that cluster at a relatively
high level of similarity and whose identity as a
group is maintained ill all analyses. Beyond
the basic dichotomy between the two major
river systems, there is no apparent concor~
dance between geographic distance or hydrographic relationship and genic similarity.
The F -statistics of Wright (1978) were calculated to assess how genetic differentiation
is partitioned within and between the hierarchical levels established in this study. As
mentioned above, the 16 populations sampled
correspond to the lowest level of the hier~
archy, With subspecies, regions, and the total
as higher levels. The variance components
and F ST values estimating the amount ofvariation accounted for by each of the subdivisions
relative to another are given in Table 4. These
were calculated for the polymorphic loci only.
The greatest amoUnt of differentiation is seen
in comparing all the populations sampled
(PST = .672). Of the comparisons made, subspecies compared within a region are the least
differentiated (PST = .151). Within the total,
interpopulation comparisons show greater
differentiation than those between subspe~
cies; these in turn show greater genic divergence than do comparisons between regions.
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TABLE 4. Variance components and F~statistics
(Wright 1978) combined across polymorphic loci.
Three geographic regions used in hierarchical
classification (Humboldt River,
Honey Lake Valley, Snake River)
Comparison

Variance
COmponent

F ST

Population-subspecies
Population-region
Population-total
Subspecies-region
Subspecies-total
Region=totl!!

.252
.366
.798
.114
.547
.433

.392
.{84
.672
.1Sl
.460
.364

Two geographic regions used in hierarchical
classification (Humboldt River/Honey take Valley
and, Snake River)
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HT values (.120~.147) while the five remain~
ing polymorphic loci are low (.012~.049).

Locus~by-locus chi square tests for heter~
ogeneity between populations were also calculated. Those loci that exhibit the most
significant levels of heterogeneity (GOT-I,
PGM-l, ADH-2, and PREALB) are, for the
most part, the same loci that create the greatest differentiation between the various hier~
archical levels in the F -statistic analysis.
These loci also contribute to the level of
differentiation .seen in the four divergent
populations, Austin, Narrows, Lovelock, and
Grandview-t.

Interpopulation Variatiom
KarYotypic Analysis
All individuals kary"Otyped showed a diploid
.392
Population=subspecies
.252
.342
Population=7region
.468
number of 76. Five of the seven subspecies
.798
.672
Population-total
(T. t. elkoensis, r. t. nevadensis, T. t. owyhen.09:1,
.124
Subspecies~region
sis, T. t. similis, and T. t. totvnsendii) are
.574
.460
Subspecies-total
represented
by 16 pairs of meta~ or submeta.456
.384
Region-total
centric chromosomes ranging in size from
large to small, and 21 pairs of large to small
Similarly, Within a region, interpopulation subtelocentric chromosomes (fundamental
differentiation is greater than that measured number [FN] = 148). In contrast, T. t. bachbetween subspecies. Averaged across all loci, mani and T. t. relictus are characterized by
the F ST calculated for all populations is .130.
16 pairs of meta~ or submetacentrics, 20 pairs
The same statistics were calculated for of subtelocentrics, and a single medium-sized
a classification scheme With two regions, a.crocentric pair (FN = 146). All seven subHoney Lake Valiey populations being in~ species have a large submetacentric X
cluded With those of the Humboldt River chromosome and a minutel:lcrocentric (dot)
drainage (Table 4). 'this set of F~statistics Y chromosome.
shows decreased differentiation between the
populational ?lld subspecific units within a
PHYSIOGRAPHIC B:IStORY OF
region and greater differentiation between
THE NORTHERN GREAT BASIN
regions compared to the results of the threeregion scheme. Honey Lake Valley popll1a~
The Great Basin extends from the Sierra
tions fit relatively homogeneously into the Nevada and Cascade Range in the west to
HuIllboldt River region. The overall pattern the Wasatch Range and Colorado Plateau in
still suggests that the greatest ex;tent of differ- the east. The northern and southern limits
entiation is between the smallest subdivisions are defined by, the Columbia and Colorado
and that there is relative homogeneity be- platellus and thy Mojave and Sonoran deserts.
The Grea.t Basin has internal drainage and is
tween the subspecies ofa region.
the total limiting variance or total gene made up ofovet 150 smaIler basins, separated
diversity (HT ofNei 1973, 1977) per locus was by more than 160 north=south-=oriented
calculated for each ofthe 10 polYIllorphic loci. mountain rangys (Morrison 1965). Many of
GOT-l exhibits the highest level of diversity, the rivers, lakes, and playas ofthese basins are
reflecting the frx;ed difference between the remnants of the Pleistocene lakes Bonneville
Humboldt/Honey Lake region and the Snake and Lahontan.
The climate of the Great Basin is semiarid
River region (HT = ,492). This locus is proba~
bly responsible for most of the homogeneity to arid. Mean a:r\.nual precipitation varies from
Oow F ST) found among subspecies within a year to year and increases with elevation. Preregion. Four polymorphic loci. have moderate cipitation may range from 10 em in the basins
. Comparison

Variance
component

--------------------~--~~---.- ~
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Fig. 4. Map of late Pliocene and Pleistocene lakes of the northern Great Basin (after Morrison 1965 and Wheeler
and Cook 1954). The limits of Idaho Lake, Lake Lahontan, and Lake Bonneville are indicated by diagonal shading.
Idaho Lake is oflate Pliocene/early Pleistocene age. Lakes Lahontan and Bonneville and smaller lakes (stippled) ate
of Pleistocene age. Present-day lakes are represented by solid black areas. Point of overflow of Lake Bonneville at
Red Rock Pass is indicated by arrow.

to over 76 cm in some of the higher moun~ basins, the two largest of which were Lake
tains. Average January temperatures range Lahontan and Lake Bonneville (Fig. 4). Only
from 25 F (-4 C) at Bums, Oregon, to 44.5 F the features of Lake Lahontan will be empha'"
(7C)atLasVegas, Nevada. AverageJulytem~ sized here, as the area covered by this
peratures range from 67 F (19 C) at Burns to drainage is closely reflected by the range of
86 F (30 F) at Las Vegas (Morrison 1965). As Thomomys townsendii in the northern Great
there are no drainages from the basin, precipi~ Basin. Details of the features of Lakes Lahon~
tation is lost only to evaporation and transpira~ tan and Bonneville can be found in the mono~
tion. Evaporation increases and precipitation graphs of Russell (1885) and Gilbert (1890).
decreases in a southward trend. This latitudi- Broecker and Kaufman (1965), Morrison (1965);
nal trend, coupled with the effect of elevation and Benson (1978) provide more recent dis~
on temperature and evaporation, influences cussions of the history ofthese basins.
The present~day Lahontan drainage inhydrographic features of the present-day
Great Basin, as well as the existence and size cludes parts of eastern California, southeast~
of Pleistocene lakes (Meinzer 1922, Mi£I:lin ern Oregon, and much of northern Nevada.
To the west and south it includes the Eagle
and Wheat 1979).
Lake, Honey Lake, Lake Tahoe, and Walker
Pleistocene Lake Lahonton
Lake systems. The Reese and Humboldt
The Great Basin of the Quarternary was rivers drain into Lahontan Basin from the
divided, as today, into many hydrographic east and south while the Quinn River makes

1991]

GENETIC VARIATION IN THOMOMYS TOWNSENDII

up the northern component. The boundaries
of the lake, at its highest level during the
Wisconsin, encompassed the. following drainage basins, Honey Lake, Pyramid Lake,
Winnemucca Lake, Carson Lake, Walker
Lake, Smoke Creek Desert, Black Rock
Desert, part of the Truckee River, Humboldt
River (eastward to a point near Golconda), and
Quinn River (Russell 1885, Benson 1978).
The climate ofthe Wisconsin was character~
ized by great fluctuations in temperature and
precipitation. Cool, wet times (Pluvials), syn~
chronous with the glacial intervals, resulted
in high water levels in the Grell.t Basin lakes.
Each lacustral maximum was followed by
warmer, drier periods during which the lakes
subsided. A variety of interpretations exists
for the extent and timing of the fluctuation of
the level of Lake Lahontan (Broecker and
Kaufman 1965, Morrison 1965, Benson 1978).
Benson (1978) suggests that besides the most
recent pluvial episode (spanning roughly
25,000 to 9,000 years before present [YBP])
Lake Lahontan reached at least one other high
stage before 40,000 YBP. He found no evi~
dence for high lake levels between 40,000
and 25,000 YBP but recognized two sub~
sequent to that time, 25,000=21,500 YBP and
13,600~1l,000 Y13P. The intervening period
represented lower lake levels, but most basins
remained connected during this time.
Subsequent to the second deep-lake
period, the climate of the Great Basin began
a warming and drying trend (Antevs 1948).
From 9000 to 5000 YBP the Lahontan Basin
was warm and arid, with all lakes except Pyramid Lake desiccated. In the last 5000 years
water levels rose in Pyramid and Walker lakes
until they were tapped for agricultural use
dUring the past 100 years (Benson 1978).
The pre-Wisconsin history of the Great
Basin is not as well documented as that of
Lake Lahontan time. Since lakes of the early
and mid~Quaternary probably occupied regions that lakes Lahontan and Bonneville
occupied subsequently, the majority of these
deposits have been buried by younger ones.
Exposed deposits, however, suggest two pteWisconsin lacustral intervals correlated with
the Kansan and Illinoian glaciations. Early
deposits from outside the areas inundated by
Lake Lahontan have been found in the following regions, along the middle Reese River,
Pine Valley, Smith Valley, and Carson Valley
(Morrison 1965).
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Snake River Plain
While the Snake River Plain is hydrograph~
ically not part ofthe Great Basin, it is a natural
component in terms of fauna, flora, and cli~
mate (Davis 1939, Cronquist et al. 1972). As
much of the northern part of the distribution
of T. townsendii lies within this area, the
physiographic history of the Snake River is
pertinent to this study.
The Snake RiVer Plain has been shaped by
a IO:J1g history of lava flows. The geography
of the eastern plain is more dominated by
remnants of volcanic activity than is the west.
These eastern lavas are, in general, younger
(late Pleistocene to Recent) than those of the
western basin. Kuntz et al. (1986) suggest a
minimum age range of 15,OOO~2,000YBP for
some of these formations. Pleistocene lavas
forced the Snake River into its present course
along the east plain and formed the surface of
the plain there (Malde 1965).
The topographically diverse western plain
is cut by more tributaries ll.lld canyons of the
Snake River and is covered with lacustrine
and fluviatile deposits. Some of the western
lacustrine deposits can perhaps be explained
by the former route ofthe Snake River and the
establishment ofIdaho Lake (Fig. 4). Wheeler
and Cook (1954) suggest a possible late
Pliocene route to the Pacific, running from
western Idaho to southern Oregon via the
Owyhee River. The route continues south~
westward along the Steens, Pueblo, and Pine
Forest mountains, across Black Rock and
Smoke Creek deserts of Nevada to Honey
Lake Valley. From here it moves to Chilcoot
Pass and westward to the Feather River.
In the late Pliocene/early Pleistocene the
waters of the Snake were impounded and
Idaho Lake formed in western Idaho and east~
ern Oregon. In early Pleistocene times Idaho
Lake found an outlet, and the Snake River
began its northward course into the Columbia
drainage. Alternatively, Taylor (1960) suggests that the early route of the Snake River
may have emptied into the Pacific via the
Klamath Riverrather than the Feather River.
Another hydrographic link within the
northern Great Basin is seen in the incidence
of over:l:low of Lake Bonneville into the Snake
River Plain. The Bonneville basin experi=
enced a Wisconsin pluvial history similar to
that described for Lake Lahontan. During one
of the deep~lake periods, Lake Bonneville
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overflowed at Red Rock Pass (SE of Pocatello,
Idaho; Fig. 4) into a tributary of the Snake
River (Morrison 1965). Malde'(1968) discusses
the details of the catastrophi:c flood @d the
confusion over the age of the event. it is here
regarded as late Wisconsin, about 12,000 YBP
(Broecker and Kaufman 1965, Morrison
1965). The flood path extended across the
Snake River Plain and parts of the bed of
ancient Idaho Lake to a point only seVeral
miles from the Oregon horder. the duration
of major flood effects is estimated at a few
days, although discharge continued for at
least a year.
HISTORICAL BIOGEOGRAPHY OF
THOMOMYS
..
. 'TOWNSENDII
!

Today Thomomys townsendii is. found in
fluviatile and lacustrine soils of southern Oregon and Idaho, northern Nevada, artd north~
eastern California (RogerS 199L Fig. 1). At
the western edge. of its distribution,. townsendii is found in the HOney Lake Valley. To
the northeast the species inhabits the Quinn
River drainage system, Black Rock Desert,
Alvord Desert, artd the basin of Harney and
Malheur lakes. Gophers follow the Humboldt
River from Lovelock to the vicinity of Wells,
Nevada. They are distributed along the Little
Humboldt River and other tributaries to the
north of the FI:umboldt. To the south they
are found along the Reese River, in Pine and
Huntington Creek valleys, Independence
Valley, and Diamond Valley. Along the Snake
River Plain they inhabit the vicinity ofAmerican Falls Reservoir and, to the west, the
stretch of the Snake River an,d its tributaries
from Hammett, Idaho, to the ,vicinity of Vale,
Oregon.
the physiographic history of the northern
Great Basin explains many aspects of the cur~
rent distribution of Thomomys townsendii.
The Great Basin in the Miocene and Pliocene
was characterized by moderate topographic
relief and a trend toward warming climates.
By the end of the Pliocene there Were wide~
spread grasslands and well-developed lacus~
trine and riparian environments (Axelrod
1950). As discussed previously, southern
Oregon and Idaho had a history oflava flows.
The Pleistocene topography of the Great
Basin was in part chatacteri~ed by lakes
and rivers that formed a netw:ork of intercon:
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nected drainage basins as their Water levels
rose and fell with climatic fluctuations.
Remnants of these Pliocene and Pleistocene
hydrographic features ate the deep and moist
lacustrine and flUviatile sOlls of the type that
Thotnomys townsendii inhabits today. It was
not until post~Wisconsin times that desert
conditiOns prevailed in the Great Basin to
the extent that some of these soils became
uninhabitable.
The disjunct nature of the current distribution of Thomotnys townsendii reflects the
boundaries of these historical drainage basins
and gaps in the distribution of the preferred
soil type of the species (Rogers 1991: Fig. 1).
A major division in the cUrrent distribution
of townsendii, and one that is reflected in
both genetic and morphological analyses of
this and the companion study (Rogers 1991),
lies between populations of the Snake River
and Humboldt River drainages. These two
regions of the townsendii distribution persist
primarily on the remnants of historical Lake
Idaho and Lake Lahontan drainage basins
(Fig. 4). Today they are well isolated from
eaQh other by mountain ranges and scrub
desert. Suitable habitat for townsendii was
clearly once more abundant and continUous
than it is today.
It is useful here to discuss historical events
and hydrographi:c features relevaJJ.t to establishing where suitable habitat once existed for
Thomomys townsendii, including where the
populations of the Snake River and Humboldt
River may have once been connected. A historical network of drainage basins extended
from Malheur Lake and the Owyhee River,
south through Honey Lake Valley and Lake
Lahontan, and east to the limits of the Bonneville basin. Remnants of Idaho Lake
(late Pliocene/early Pleistocene) can also be
included here as a potential continuation of
lacustrine deposits extending from southwestern Oregon into southern Idaho (Fig. 4).
DaVis (1937) discusses the possibility of
an eastern hydrographic link leading from
the Humboldt River and Pleistocene Lake
Lahontan into the Snake River drainage via
the historical overflow at Red Rock Pass mentioned earlier. While this information will be
useful in interpreting the general history of
this species, both chronologically and geographically, the geological data for the area
under consideration are sufficiently limited
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that the correlation of specific historical
events with specific patterns found in Thomomys townsendii cannot be undertaken. A re~
view of the distributions of other Great Basin
organisms will be used to help reconstruct the
historically suitable habitats and dispersal
routes for Thomomys townsendii.
Evidence from fossil and Recent freshwater
fish and invertebrate distributions not only
substantiates the eJeistence of hydrographi~
cally related connections through the Great
Basin, but also suggests possible corridors
through which T. totvnsendii could have colo~
nized the northern part of its present range.
In his study of the fish of the Lahontan basin,
Snyder (1918) found that some fish species
are most closely allied to the fauna of the
southeastern Oregon lakes. He found potential affinities with the Bonneville basin also.
Miller (1958) similarly discusses affinities
between the Lahontan and Bonneville basins
based on their respective fish faunas and notes
that there may have been a historical connection between the basins in the Pliocene or
early Pleistocene. Miller found the fauna of
the upper Snake River to be sufficiently similar to the Bonneville basin to be included in
the Bonneville system.
Taylor (1960) presented distributional information for fossil and Recent freshwllter
clams and snails that suggests a historical
network oflakes and streams leading from the
Snake River through southern Oregon and
northeastern California into the western
Great Basin. His evidence does not suggest a
Lahontan~Bonneville link. the investigation
by Bisson and Bond (1971) into the origin of
the fish of Harney Basin in southeastern Oregon also supports the suggestion of a dispersal
corridor from the Snake River to southeastern
Oregon. An ancient. connection between
Harney Basin and Malheur RiVer provided a
route for fish dispers~ and explains the faunal
affinities seen today. Stream connections
were obstructed, in part, by a late Pleistocene
lava flow, damming the water of Ha,rney
Basin.
A detailed an~ysis of fish distributions and
drainage basins of the intermountain region,
including the Great Basin, is presented by
Smith (1978). His data on the distributions of
83 fish species suggest a well-linked Klamath
(southern Oregon)~Snake~Bonneville group
and a separate group representing the Lahon-
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tan Basin. An~yses of the strengths of the
barriers of 48 drainage basins suggest the following: (1) the Bonneville=upper Snake bllrrier is not a strong one, as evidenced by the
Bonneville flood, (2) a FIarney Basin~Snake
River connection is suggested, (3) with the
above two exceptions, colonization between
the Snake River Basin and the Great Basin
is rare, and (4) the Lahontan Basin shows
low internal ba,rrier strength, but the barrier
between Lahontan and BonneVille is substantial.
While T. townsendii is not dependent
On aquatic habitats, it exhibits a clear preference for lacustrine soils. The importance of
the fish and mollusk eVidence lies in describ~
ing a network of intermittently connected
aquatic habitats in an area that has since been
replaced by, Or bisected by, lava flows and
desert. these faun~ studies and the brief
geographic histories presented suggest poten~
tial links via Pleistocene hydrographic features on both the eastern and western ends
ofthe CUrrent townsendii distribution. Details
of the type of stream~to-streamnetwork that
must have eXisted to make gopher dispersal
through southeastern Oregon possible are
presented. by Bisson and Bond (1971).
Whether the route was as far east as Harney
Basin or further west, through northeastern
C~ifornia, as suggested by Taylor's (1960)
data, remains unclear. However, such a
western hydrographic network appears to be
a more viable corridor for pocket gopher
dispersal than does the eastern LahontanBonneville~Snake connection described for
Great Basin fishes by Miller (1958). In fact,
Thomomys toumsendii is not known from the
Lake Bonneville region, and, as outlined in
the companion paper (Rogers 1991), there is
no fossil evidence to suggest that this was ever
part of the species range.
Morphological evidence presented by
Davis (1931) suggests affinities between Poca:~
tello (T. t. similis) and northeastern Nevada
(T. t. elkoensis) animals and therefore an eastern link between northern and southern populations. to explain the apparent similarity,
he proposed that the gophers followed the
northern Bonneville shores into Idaho during
the flood at Red Rock Pass (late Wisconsin).
This study gives no clellr indication of which
route mllY have been taken. Only the color
analysis shows any obvious similarity between
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populations of the two river systems, again
between T. t. elkoensis and T. t. similis popu~
lations (Rogers 1991). However, it has been
demonstrated that pelage data should be
treated carefully in interpreting the historical
patterns of pocket gophers. Studies of T. bottae (Patton et al. 1979, Smith a,nd Patton 1980,
Smith et al. 1983) have clearly shoWn the envi~
ronmental influence on variation in pocket
gopher coloration. In fact,the correspon~
dence between pelage color! and vegetation
zone suggests that dark soils may be a factor
these two subspecies have in common (Rogers
1991).
A further suggestion that ,Red Rock Pass
did not serve as a dispersal corridor for
T. townsendii is presented by Wells's (1983)
discussion of montane conifer dispersal in the
Great Basin. Red Rock Pass is one of the two
topographically high conneQtions between
the high central plateau of the Great Basin
and the western Rocky Mountains. The 1820~
meter contour that Wells usesto outline these
high mountain connections is graphically
complementary to the distribution of T.
townsendii and delineates historical and
present~dayboundaries to eastward dispersal.
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(Patton 1981). Results of this study are also
consistent with the expected effects of these
kinds ofhistorical and population factors.

Patterns of Genetic Variation in
Thomomys townsendii
The results of genic and karyotypic analyses
of Thomomys townsendii reveal a pattern
of extreme genetic homogeneity across a very
broad and disjunct geographic range. The
parameters of intrapopulation variation presented in this study categorize townsendii as
being one of the least variable of the pocket
gopher species studied. this species shows
less variability (63% monomorphic) than other
members ofthe bottae -group or Thomomys in
general (T. bottaei 9% monomorphic, Patton
and Yang 1977; T. umbrinus: 17%, Hafner et al.
1987; T. talpoides: 29%, Nevo etal. 1914).
Thomomys townsendii is also low in heterozygosity values and in average proportion
of polymorphic loci relative to other rodents
and to mammals in general (mean H = .039
for 50 mammals species examined, Avise and
Aquadro 1982; also, see reviews by Selander
et al. 1974, Powell 1975, Nevo 1978, Kil~
patIick 1981). While the ranges in population
values for P and H in T. townsendii overlap
with those values in other gopher species, the
DISCUSSION
means across populations in this species are
Causes of genic homogeneity in fossorial among the lowest known in pocket gophers
rodents have been of particjllar interest to (P = .053 and Ii = .012). The means and
some authors. Nevo and Shaw (1972) and ranges ofvalues for closely related species are
Nevo et al. (1974) have applIed a model for P = .334 (.130~.565) and Ii = .093 (.030-.169)
selection for homozygosity in uniform sub- for Thomomys bottae (Patton and Yang 1977)
terranean environments to data for Spalax and P = .183 (.043~.391)and Ii = .051 (.008ehrenbergi and Thomomys talpoides, which .100) for Thomomys umbrinus (Hafner et al.
both show very low levels of genic variation 1987). Of the pocket gopher species exhibit~
within and among populations. Other authors ing lower levels of within~population variabilhave found this selection model inappropriate ity (Selander et aL 1974, Honeycutt and
for explaining the genetic patterns seen in Williams 1982, Rafner and Barkley 1984),
Thomomys, arguing that features of pocket none maintains these low levels so uniformly
gopher population biology and stochastic over such a broad geographic range as does
factors explain their genetic divergence (Pat- Thomomys townsendii.
ton and Yang 1917, Patton 1981, Patton and
Analyses of genic variation have also shown
Feder 1981). tn contrast to. the pattern of a. high level of similarity (S = .956) among the
genic homogeneity seen in talpoides, varia- populations of townsendii. While these values
tion within and among populations of bottae are not unique among rodent studies (Avise
is high. Small, effective population size, non- 1974), they are extreme among Thomomys
random breeding, and migration rate in con- species (T. bottaei S = .81, Patton and Yang
junction with historical changes in habitat, 1977; T. umbrinus: S = .80, Patton and Feder
distribution, and population connectedness 1978, and Hafner et al. 1987; T. talpoides: S =
are cited as variables that have affected the .84, Nevo et al. 1974). Whereas values in
genetic patterns of T. bottae and its relatives townsendii are high in comparison to bottae
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as a whole, comparable levels of similarity
are seen among the Great Basin populations
of bottae (Patton and Yang 1977).
The nature of allozymic variation between
populations in this species reflects the effects
ofrare variants at a small number of those loci
examined. Wright's F ~statistics show that
populations are the units of greatest differentiation (highest F ST) of any of the hierarchical
levels compared. Within a geographic region,
populations are more differentiated than are
the subspecies of that region. However, all
populations are united at a high level of genic
similarity, S = .939. F ST values for Thomomys
bottae (Patton and Yang 1977) similarly show
interpopulation differentiation representing a
large component of the variation. This was
true throughout the populations sampled in
this study and within each of the geographic
areas. Variation within this group of pocket
gophers is generally greatest between the
local units of any given area. The subspeci£ic
or regional categories within these species
are thus internally quite heterogeneous.
The distinction between the two geographic regions is the only clear division at any
level in T. townsendii and is due mostly to the
effect ofthe single locus GOT-I, which is fixed
for alternate alleles in populations of the
Humboldt River/Honey Lake Valley versus
the Snake River. The divergent populations
within each of the regions are differentiated
slightly from the remainder oftheir respective
clusters by shifts in allele frequencies or by
possession of an allele not found elsewhere.
These few variants are of little absolute sig~
ni£icance in distinguishing these populations
from the remainder oftheir cluster, however.
Patton and Feder (1981) showed in studies of
Thomomys bottae at Hastings Reservation
that genic differentiation between fields can
be as high as the differentiation found between subspecies of a region in T. townsendii
(T. bottae FST = .142, T. townsendii F ST =
.151 and .124). Considered in this context, the
genic differentiation represented among the
populations and subspecies within the two
geographic units is remarkably low.
Results of the karyotypic analysis corrobo~
rate the findings of Wentworth and Sutton
(1969) and Thaeler (1973) that the diploid
number is 76 in all Thomorn,ys townsendii
subspecies. The only differentiation found
within the otherwise totally biarmed karyo-
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type is the presence of a single acrocentric
pair of chromosomes in samples of T. t. bachmani and T. t, relictus. This pattern differs
from the karydtypes reported by Wentworth
and Sutton. (1969) and Thaeler (1913), who
group the chromosomes of all seven subspecies in the following way: 12 pairs ofmetacentrics; 22 pairs of submetacentrics, and 3 pairs
ofacrocentrics (FN = 142); the X chromosome
is a large submetacentric, and the Y is a small
acro~ or subtelocentric. The lack ofagreement
with the published results can be explained,
in part, by the'lack of resolution in standard
karyotypes. Without the aid of banded material, one is forced to use an arbitrary morphological classification. This may explain the disagreement in the numbers of chromosome
pairs in each ofthe biarmed categories.
Although the distinction between uni~
armed and biarmed chromosomes is more
easily made, Wentworth and Sutton (1969)
and Thaeler (1913) assigned three pairs of
chromosomes to the uniarmed group, while
one or none was so assigned in this study. The
classification of the single uniarmed pair in
T. t. bachmani and T. t. relictus remains
somewhat ambiguous. However; the existence of such a variant in an otherwise karyotypically homogeneous species is almost to
be expected. Variation seen in related species
is often of thisna.ture; arm number may be
polymorphic or polytypic, while the diploid
number remains constant within a given taxon
(Patton 1972, Patton and Feder 1978, Patton
and Sherwood 1982, Hafner et al. 1987). In
addition, it is significant that the alternative
karyotype is found in the Honey Lake Valley
and in the neighboring T. t. bachmani populations which together form the western component of the Humboldt River region. Since
southeastern Oregon samples of T. t. bachmani were not karyotyped in this study, it
cannot be determined whether this pattern
extends to those populations as well.
The discrepancy found in the morphology
ofthe Ychromosome is less easily explained as
preparation artifact. The Y chromosomes presented by Wentworth and Sutton (1969) are
substantially larger than the dot chromosomes
found in this study. As all other bottae-group
karyotypes exhibit the minute acrocentric
morphology in·, the Y chromosome (Patton
and Dingman 1970, Patton 1972, Patton and
Feder 1978, Hafner et al. 1987), it is probable
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that Thomomys townsendii also shows this nipted, and therefo:re genetic variability
has been maintained. Historically, isolated
pattern.
. The amount of genic variation found in populations ofbottae were not chromosomally
geomyids is often accompanied. by greater differentiated to the point of being reproduc~
k:nyotypic differentiation than that seen in tively isolated from other populations. ThereThomomys townsendii a.s well. Average simi- fore, recontact with populations could have
larity values within Geomys h1.ltsarius ;md meant interbreeding, and bottlenecks that
G. persol1atus (data of Y. J. Xi:Q1 presented occurred due to isolation could have been
by Nevo et a1. 1974 and Selander et al. 1974) overcome.
are .16 and .86, :respectively, and both species
Evolutionary and Biogeographic History
are karyotypically polymo:rphic. Of the speciof Thomomys townsendii
mens ~alyzed allozYmically,by Kim (Selan"
While Thornornys townsendii does not
der et al. 1974), G. bursarius wa.,s represented
by seven chromosomal forms (2n = 70, 72, 74 share the genetic diversity chara.cteristic of
and FN = 68=74), and G. personatus was the bottae~group, its distributional history is
represented by five (2n = 68, 70 and FN = mo:re similar to that of bottae, undisturbed
68-74). Cmomosom;ti variation in these spe~ by gla.ciation, than to t4lpoides, whose boreal
cies is due to Robertsonian changes (centric distribution .was sculpted by glacial influ"
fusions and fissions), inversions, and translo- ences. Furthermore,· the genic pattern in
cations. Examination ofcontact zones in other totvnsendii is :remarkably similar to the kind of
studies of G. butsarius has shown tha.t barri- variation seen in the Great Basin populations
ers to genetic exchange exist between some ofbottae (Patton and Yang 1977). The concorcmomoso:Q1al forms (Honeycutt and Schmidly dance between genic patterns of these two
1979, Tucker and Schmidly 1981, Bohlin species in the sa:Q1e geographic area suggests
and Zimme:rman 1982). Within the Thomo- that a si:Illilar history of biogeographic and
mys talpoides complex (Neyo et a.1. 1974), stochastic eVents may have influenced their
average genic similarity for the six karyotypic evolution in the Great Basin.
Given that historical biogeography may
variants examined is .874. Thaeler believes
that these mo:rphs represent a.t least five have affected the genetic patterns of bottae
separate species (Nevo et al, 1974). Within and talpoides, it is useful to understand the
this complex diploid numbers range from evolutionary history and affinities of T. town40 to 60, and chromosomal changes are typi- sendii before trying to interpret the patterns
cally due to Robertsonian changes and peri- seen in this species. Studies by Bailey (1915),
Thaeler (1980), and Patton and Smith (1981)
centric inversions.
Patton and Yang (1971) discussed differ- support a dichotomy within Thomomys. Mor~
ences in genetic variability of T. bottae and phologica.l, electromorphic, and karyological
members of the T. 1;4lpoides complex. The analyses place Thomomys totvnsendii iJ1 the
patte:rn seen in talpOid~s is on,e ofgenic homo- bottae-group, which also contains T. bottae,
geneity and chromosomal differentiation to T. urnbrinus, and T. bulbivorus. This group,
the point of rep:rodUctive isolation. Historical characterized as the "heavy~rostrum" g:roup
fragmentation and isolation, of populations, by Bailey (1915), can be distinguished kary~
bottlenecks, and founder effects may have otypically as having diploid numbe:rs ranging
resulted in the fix;ation of chromosomal re- from 74 to 88 (Tha.eler 1980, Patton and Sher"
arrangements and fix;ation for alternate alleles wood 1982). These characters distinguish the
where loci we:re once polymo:rphic. It is sug~ bottae=gtoup from T. talpoides and other
gested that if :reproductive isolation were members of Ba.iley's (1915)"slender~rosttum"
attained, genic homogeneity would be IIlm.n~ . group (with diploid numbers ranging from
tamed in these isolates. In contrast, chromo- 40 to 60 [Thaeler 1980]), including T. clusius,
SO:Q1al variability of T. bottae does not seem T. idahoensis, T. mazama, and T. monticola.
to affect reproductive isolation ~d interpopu- Thaeler (1980) formalized this dichotomy by
lation genic variability and Within~poptilation recognizing the slender- and heavy"rostrum
heterozygosities are high. E~tensive range groups as separate subgenera, Thomomys
fragmentation is not suggested for bottae, and Megascapheus, respectively. Patlon and
gene flow is believed to ha.ve been less inte:r" Smith (1981) did an electrophoretic ana,lysis of
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six Thomomys species (talpoides and m,onti~
cola in addition to the bottae-group species)
and tre~ted T. tou,m~endii as pa,rt ofthe bottae
unit; all alleles found in townsendii Were also
found in bottae. The same study determilled
that bottae and townsendii were a sistergroup relative to umbrinus, that towilseridii
stemmed from Within one of the major geographic units of T. bottae, and therefore
that bottae was paraphyletic relative to tOW1]r
sen,dii. .An analysis of cranial shape also
supports this relationship (Patton and Smith
1989).
The evolution~ relationships of hottae,
townsendii, and um,brinus are manifested in
comparisons of karyotypic morphology and
cellular DNA content, and :i.n hybrid zone
studies. The whole=-arm heterochromatin
found ill townsendii resembles the pattern
seen ill bottae and is distinct from the inter"
stitial heterochromat:i:r:l. characteristic of umbrinus (Patton and Sherwood 1982). Simi=larly, the amOl.!nt of cellular DNA (C -vall.!e)
fOl.!fid ill townsendii is with:i.n the range fOl.!nd
ill bottae populations, whereas urnbrinu,s has
a higher C -value than would be e:x:pected for
T. bottae With a similar karyotype (Sherwood
and Patton 198~).
The karyotypic similarity between botta?
and townsendii can be contrasted to the
meiotically problematic strUctural rearrange=ments found between bottae and umbrinus
(Patton 1973, Patton 1981), although studies
of hybrid zones indi9gte thgt genetic intro~
gtession does not. ocPl.!r ill either 9gse.
Both town,sendii and umbrinus a,re knOWll to
hybridize minimally with bottae (12% and
11-15% hybrids, respe9tively). In bottae=umbrinus hybrids, PI males are sterile,
female fertility is reduced, and there is no
genetic introgression (Patton 1973). While
some F1 individuals fro:r:n crosses of bottae
and townsen,dii show normal reproductive
9hara9tei-istics, there is again no eVidence for
genic or morphologi9al introgression illto the
pgrental populations (Patton et al. 1984). Both
pairs of hybridizing species remain genetically isolated species, bl.!t only the bottaeum,brinus case is likely to be chromosomally
mediated. The lack ofgenetic :i.ntrogression :i.n
the presence ofkaryotypic similarity between
bottae and townsendii suggests other influences. The signi:ficance ofbehavior ill this caSe
has been suggested (P;Jtton et al. 1984).
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The evolution;iry affinities between townsendii and bottae ate further reflected in Wor=mation from studies of the distribl.!tion of go=
pher lige. Pocket gopher spe9ies often serve
as hosts to mote than one species oflol.!se, and
a single louse species may be fOl.!nd On more
than one spePies of pocket gopher (Emerson
and Price 1981). T. towns?ndii is known to be
the host of one lOl.!se species, Geomydoecus
idahoensis, e4cept in two zones ofhybridiza=
tion with bottae (Patton et al. 1984). In Honey
Lake Valley T. town,sendii relictus hybridizes
with T. bottae saxqtilis and T. bottae canus.
In these hybrid zones the bottae 10l.!se is found
on some ofthe "pure" townsendii as well gs On
some of the hybrids. G. idahoe11$is belongs
to the oregonus species grOl.!p. Another member of this group, Geomydoecus shastensis,
is morphologically very similar to idahoensis
and, interestingly, is the l@se found on T.
bottqe sqxattlis (Price and HeUenthal1980)..
the level of chromosomal and geni9 similarity of. townsendii and bottae and the evidence for paraphyly(Patton and Smith 1981,
1989) suggest that Thomomys townsendii Was
derived from thomomys bottae. In addition;
Bailey (1915) and Davis (1937) recogniZed the
morphological ~ties between the two species. Further examination of the nature of
this morphological similaritY de:r:nonstrates
that there is basically no difference in cranial
shape between the two species. It has been
sl.!ggested that the difference in body size
between the two species may have resulted
in differences in demographic features that
eventually created genetic isola,tion (Patton
@d Smith 1989).
What can be determilled from the results
ofthis study regarding the nawre ofthe distribution of this species from the time 'of its
fOl.!ndillg popula,tion. to the present? Was
the range of townsendii once continl.!OUs over
the northern Great BasIn.and subsequently
fragmented by unsuitable habitats? Or is the
distribl.!tion of townsendii the result of rela,tively reCent dispersal fro:r:n one segment of
the species range?
The concordance of genetic data with histori()al and biogeographic patterns has been
emphasized in other p09ket gopher studies.
Patton (1981) discusses the influenges of history and features ofpocket gopher population
biology ill the cOntext of the agreement
of karyotypic 'and geniG data for Thomomys
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bottae. Morphological patterns of differentiation, however, ate often best explained by
environmental factors such as quality and
color of the soil and nutritional value of available food and probably do not provide mUyh
information regarding the eVolutionary history of T. bottae (Smith and Patton 1980).
Further studies (Patton and Btylski 1987,
Smith and Patton 1988) have demonstrated
that while pelage coloration and body size ate
strongly influenced by environmental factors,
cranial shape variation is more likely to repre~
sent genetically based changes. In the ab;
sence of an analysis focusing on cranial shape
in Thomomys townsendii, the results of the
genetic analyses will be emphasized in developing a historical scenario for this species.
While the nature of the historical distribution of Thomomys townsendii is not easily
determined by the results ofthis study and its
companion paper (Rogers 1991), eVidence
does exist that eliminates some possibilities
and suggests others. A description of the historical biogeography of the northern Great
Basin that focuses <;>n the chahges in and the
availability of suitable habitat for Thomomys
townsendii has been presented. It indicates
that the wetter climates of the Pleistocene of
the northern Great Basin produced a network
oflacustrine and fluviatile soils that Were occasionally continuous until desert conditions
prevailed, rendering sOme of these soils uninhabitable. The continuity of these habitats
could have provided historical corridors for
dispersal.
However, while these historical connections can be reconstructed, it is unlikely that
the species could have maintained a continuous range over most of the northern Great
Basin at one time. Rather, it seems feasible
that after the origin from T. bottae, segments
of the range ofT. townsendii were connected
to various degrees at different points in its
distributional history. Barriers to the continuity of the range probably arOse at different
times in different places. As climates increased in aridity and lakes receded, some
areas became unable to support gopher populations; and townsendii remained along rivers
and receding lake shores. Further fragmentation and isolation ofsome sections ofthe range
of T. townsendii probably occurred with
the intrusion of lava flows. Information from
this study supports the idea that a fragmented
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distribution has always been characteristic of
this species and also suggests in which areas
a more continuous distribution may have
existed historically.
For instance, analyses of the genetic data
indicate that populations of the Sn~ke River
belong to a very cohesive cluster (5 = .984)
despite the geographical separation of the
T. t. similis populations by more than 100
miles. Fossil evidence from Wilson Butte
Cave (Gruhn 1961, Rogers 1991) suggests
that continuity between the western (T- t.
owyhensis and T. t. townsendii) and eastern
(T. t. similis) parts ofthe Snake River distribution may have existed fairly recently. Only the
eastern T. t. townsendii population (22) is
clearly differentiated from the other Snake
River populations. Most of the samples from
this region differ from each other in allele
frequencies and, ill one case, in the presence
of a rare ADA allele in low frequency. The
magnitude ofthe differentiation ofthe Grandview T. t. townsendii population (22) is pri;
matily due to the appearance of the PGM c
allele in relatively high frequency (.625). This
allele was not encountered in other populations. The reaSOn for the divergence of this
population is not cleat, but geologic evidence
suggests that historically this area may have
been isolated by lava flows (Malde and Powers
1962, Malde 1965).
While variation in the Humboldt River
region is very limited, more genetic differentiation is seen among these populations than
among those of the Snake River region. the
only karyotypic differentiation documented ill
this study is seen in representatives of two
of the Humboldt River subspecies. Analyses
of the populations of this region resulted in a
cluster of six genetically Very similar (5 > .97)
populations and three more differentiated
populations: Lovelock, Narrows; and Austin.
The members of the more cohesive cluster
include T. t. elkoensis; two of the four T. t.
bachmani populations, and the Honey Lake
Valley (T. t. relictus) populations. These samples are differentiated from One another by
the presence of one to four alleles in low fre~
quency that are not found in other populations
of that cluster.
Despite their peripheral location, Honey
Lake Valley populations display affinities
to the Humboldt tliver populations as they
did in the morphological analyses of the

1991]

GENETIC VARIATION IN THOMOMYS TOWNSENDII

companion paper (Rogers 1991). Examination
of the F ~statistics further supports the inclusion of Honey Lake Valley popl.llations in the
Humboldt River geographic region. Subunits
within regions show less differentiation when
Honey Lake Valley is regarded as a part ofthe
Humboldt River regiOn. Greater genic simi;
larity is found between Honey Lake Valley
popl.llations and certain Humboldt River
populations than among some Humboldt
River populations. The same is true at the
subspecific level. Historically, Honey Lake
Valley was part of Lake Lahontan, so the
affinity to these populations is not surprising.
Only the' karyotypic analysis shows Honey
Lake Valley populations deviating from most
other populations in that T. t. relictus and
T. t. bachmani possess a single acrocentric
pair among an otherwise biarmed comple;
ment ofchromosomes.
The genic divergence of two of the T. t.
bachmani populations (Lovelock and Nar"
rows) is due to the prevalence ofa single allele
not found elsewhere. the T. t. nevadensis
sample from Austin is the most differentiated
population of the Humboldt River region.
The magnitude of this divergence is atttibu~
table almost entirely to a fixed difference for a
PREALB allele. This allele is otherwise only
present, in moderately low frequency (.200),
in a single T. t. elkoensis population. Austin
and Narrows animals are consistently differ;
entiated from the other populations in both
genetic and morphological analyses (Rogers
1991). This may reflect their peripheral posi;
tion relative to the Lahontan drainage system.
AJthough located in a Pleistocene lake basin,
Narrows is actually outside the Lahontan
hydrographic basin, but it was probably once
connected to the main basin. the divergence
of this population from other units. of this
region probably reflects its isolation due to a
combination of encroaching desert regions
and the influence ofthe drainage divide.
Austin is located in the Reese River valley,
south of the Humboldt River. The Reese
River was a tributary of the Humboldt River
dl.lring Lahontan times. but was not represented by a pluvial lake (Morrison 1965),
suggesting relative aridity in this basin even
during pluvial times. Today the Reese River
reaches the Humboldt only intermittently
so that habitable areas for T. townsendii
may be restricted to the southern portions of
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this valley. Isolation by inadequate habitat
may have contributed to separation and
divergence of this population. Furthermore,
T. talpoides is currently found in this valley
only 24 miles north ofAustin. The presence of
this species may have subsequently enforced
existing physical barriers.
Another possible explanation for the differ~
entiation eXists if this area was one of the
earliest colonized subsequent to the derivation of townsendii from bottae. Davis (1931)
remarked that, of the townsendii subspecies,
T. t. nevadensis is structllrally most similar
to bottae. If the Reese River valley were colo~
nized from the SOl.lth rather than from the
Humboldt River to the north, it is possible
that distribution through this area was never
continuous with the remainder of the Illlm;
boldt Rlver distribution, or that this area was
isolated relatively early.
.
Much of the information presented above
regarding genic differentiation among T.
toWnsendii populations has a morphological
counterpart from the analyses of cranial and
pelage differentiation (Rogers 1991). However, relative to the genic data, morphological
characters reflect a general pattern of more
overlap with fewer strongly differentiated
populations. As one would expect, some
aspects of the biogeographic history of T.
toivnsendii populations seem to be more
closely reflected in the genic data. For in"
stance, the four most divergent populations
(Austin, Narrows, Grandview-t., and Lovelock) all have an alternative allele as the
predominant one at SOme locus. This kind of
pattern is sometimes associated with isolation, whether it be a result of a founder event
or range fragmentation. For some of these
populations the features maintaining biogeographic isolation are obvious, although the
mechanism by which isolation began is diffi;
cult to determine. the factors that might have
contributed to the isolation of the Austin,
Narrows, and Grandview-t. populations have
already been discussed. Explaining the extent
of differentiation seen in the T. t. bachmani
population at Lovelock is more problematic.
Since this area is part ofthe large and continu;
ous Pleistocene Lake Lahontan, reasons for
isolation and differentiation are not clear.
However, it is peripherally located in the species range, and the nearest neighboring specimens examined in this study are from about
75 miles up the Humboldt River.
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Thomomi]s townsendii is characterized not
only by genetic homogeneity Within pop"Qlations, but by shifts in allele frequencies and
appearance of rare alleles in high frequencies
:unong populations. In addition; patterns of
genic similanty between populations do not
correspond to geographic dist@ce, and popu=
lations of different subspecieS or geographic
sub"Qnits are often more similar than are other
members of the same subspedes. These features do not suggest a broadly continuous
species distribution historically. It is not surprising that this pattern instead suggests the
effects of drift and :independent evolution on
population isolates that arose from the colo=
nization of new areas Or by the fragmentation
of once more continuous habitat. Pocket
gophers are sl::tongly susceptible to drift due
to .small; effective population size and their
inability to cross various environmental barri~
ers, which may include other gopher species.
A reasonable explanation of the events ill
the origin and distribution of 'thomomys
townsendii begtns. with a relatively recent
deriv~tion from Thomomys bottae. In their
analysis of T. bottae genic evolution, :Patton
and Smith (1981) discuss what appears to be
a decreased rate of allo~mic -change :in
T. townsendii. However, they suggest that
their resmts probably do not represent a.ctual
rate changes; but reflect low levels of within=
population variation in T. townsendii. they
hypothesize that this homogeneity is the result of a fO"Qnder event and subsequent isolation, and hl.ter morphological studies suggest
that the deriva:!ion from boffg.e was a rela,,,,
tively recent event (Patton and Smith 1989).
While sufficient Mormation is not available to
pinpoint when and where townsendii arose
from boffae an origin from the southern part
of the current townsendii distribution has
been suggested. Davis (1937) noted the similarity between bottae and the most southern
subspecies, T, t. nev(Ldensis Md later stated
that· townsendii had probably moved :into
Idaho from the south (Davis 1939). In addi",
tion; in comparing T. townsendii to T. bottae
populations; Patton and Smith (1989) show
that townsendii is genetically most similar to
bottae populations from central and sO"Qthetn
California.
The low level of variation seen throughout
T. townsendii suggests that stages of isolation
and subsequent genetic drift followed the
j

j
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divergence from T. bottae. Derivation from a
single highly homozygous founding population would proVide the genetic background
necessary for dominant alleles to be maintained across the distribution despite discon",
tinuities that inevitably arose after T. townsendii colonized the area. High interpopulation similarity suggests that low levels of genic
Variability were maintained as the founding
population eventually dispersed through the
Great Basin. The remnants of Pleistocene
lakes served as a corridor for the dispersal of
the species through northern Nevada, northeastern California, and southeastern OregotL
and possibly into lake beds to the West of the
present Oregon distribution,· judg:ing from
fossil evidence (Allison 1966). Colonization
of this area probably proceeded as a series
of founder events with portions of the distribution becoming fragmented. the background of genetic hOmogeneity was main",
taiIled With diversification in the form of
allelic variants. The fixed difference at the
GOT"l locus and the homogeneity seen
among the Snake :River populations suggest
that this region was probably coloni:?:ed by a
single founding population from the Hum'"
boldt River region. Subsequent to dispersal of
the species across the Snake River plain, dis'"
continuities to the range arose and populations became slightly differentiated.
The relative homogeneity of the Snake
River populations also suggests this region
has had less time to differentiate than has
the Humboldt River region. To demonstrate
the relative difference in age among and be'"
tween the Snake River and Humboldt River
areas, estimated divergence times between
populations were calculated and averaged for
these two major geogra.phic regions. Values
generated for Nei's genetic distance and the
methods ofNei (1971) as described by Patton
and Yang (1977) Were used for these esti",
mates. An average divergence time between
pop"Qlations of these two geographic units
is 255,400 years before present (maximum,
475,000 YBP; minimUm, 190;000 YBP). The
same value, calculated for pop"Qlations of
the Humboldt River region, is 92,083 years
(maximum, 300,000 YBP; minimum, 5,000
YBP), while that for the Snake River populations is 27,143 years (maxhnum, 95,000 YBP;
minimUm, 0 YBP). As additional reference
points, these divergence times were adjusted
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using the albumin immunological distance
method (SaIich and Cronin 1976, Sarich
1971), again following Patton and Yang (1977).
These estimates show average divergence.
time between populations of the two river
systems to be 1,072,680 YBP; among Bum"
boldt lliver populations the average divergence time is 386,749 YBP, and within the
Snake lliver system it is 114,001 YBP. While
these values present very different approxi~
mations of divergence tilnes within Thomo=
mys totvnsendii, they do indicate a general
time frame and what the sequence of events
might have been. These estimates suggest
that divergence among the Snake River populations occurred subsequent to the isolation
between the northern aIld southern parts of
the distribution and after diversification ofthe
Humboldt River populations had begun.
Physical aspects of the two regions may
have also contributed to the different degrees
of morphological and genetic differentiation
seen between the Humboldt River aIld Snake
River regions. The greater biogeographic
diversity and increased aridity of the Hum~
boldt River region may have promoted isola=
tion;md differentiation in this area. Features
ofthe habitat, particularly soil color and quality, may be mOre homogeneous along the
Snake lliver drainage and influential in main"
taining morphological homogeneity.
I

Systematic Conch:tsions
The genic data are the strongest indicators
of differentiation that is greatest between
the regions represented biogeogrliPhically by
the Humboldt River aIld the Snake lliver
drainage systems. One fixed difference
(GOT-I) and the appearance of additional
alleles at other loci sep<ltate these groups
genically. Distinction between these two regions exists but is less apparent indlscrimi=
nant function analyses of cranial characters
(Rogers 1991). This pattern of differentiation
does not correspond to the currently recognized seven subspecific units, originally described by Davis (1937). The datapresented
here and in the companion study (Rogers
1991) show that, in some cases, greater morphological aIld genetic differentiation has
been found among samples within a sub=
species than between subspecies. This is most
apparent in the Humboldt River group,
whereas the Snake River region represents
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a more homogeneous unit. The variants ob~
served in this study are usually quite subtle
and do not warrant taxonomic distinction.
The population from Austin deserves spe"
cial consideration here. These individuals are
clearly differentiated morphologically (Rogers
1991) and genically. The historicalbiogeography of the T. t. nevadensis distribution and
the presence of T. talpoides to the north sug"
gest effective and possibly early barriers to
gene floW with Thomomys townsendii populations to the nOrth. The intermediate level of
differentiation seen in the Austin sample is
noteworthy in the context of understanding
evolution within this species butdoesnotwar~
rant the level of distinction given to the two
major geographic regions.
The absence of genetic variation in Thomo"
mys townsendi,i is most remarkable considering the phylogenetic affinities between
townsendii and T. bottae. The patterns of
genetic variability found in T. townsendii and
T. bottae are strikingly dissimilar. Thomomys
bottae is characterized by extreme interpopu=.
lation differentiation in allozymes (Patton and
Yang 1977), With an average Rogers' S between populations of .81. Similarly, karyotypic variability is great, consisting primarily
of variation in arm number. These variants
are the result of additions and/or deletions of
heterochromatic arms (Patton and Sherwood
1982). AlloZymic Patterns of differentiation
are concordant with geographic patterns
of change in. karyotype (Patton and Yang
1977, Patton and Smith 1981). ICaryotypic and
allozymic patterns are also concordant in
T. totvnsendii in that they show homogeneity
across geography. The type of chromosomal
polymorphism found in T. townsendii is char"
acteristic of species in the bottae =group aIld
apparently does not act as a fertility barrier
(Patton and Sherwood 1982). It is therefore
unlikely that such variants are of much consequence in the evolutionary differentiation
within townsendii.
In summary, Thomomys townsendii can
be characterized as having undergone little
intraspecific morphological and genetic differentiation since its origin from an ancestral
stock, probably Thomomys bottae. Based on
cranial, external, and pelage measurements,
the species is quite homogeneous (Rogers
1991). The only chromosomal differences in
T. townsendii involve a single uniarmed pair
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townsendi nevadensis Bailey, 1915, North
in an otherwise completely biarmed comple- Thomomys
American Fauna 39:44.
ment. The variation found in the genic data is Thomomys relictus Grinnell, 1926, University ofCaliforprimarily based on shifts in allele frequencies
nia Publications in Zoology 30(1):2. Type from
valley of Susan River two miles south of Susanin some populations and the presence of rare
ville, Lassen County, California; Museum ofVer_
alleles in others. F -statistics indicate that
tebrate Zoology no. 35271.
genic differentiation is greatest between pop- Thomomys townsendii relictus Grinnell, 1933, University
ulations and slightest between the subspecies
ofCalifornia Publications in Zoology 40(2): 137.
within each geographic region. Subspecmc Thomomys townsendii bachmani Davis, 1937, Journal of
Mammalogy 18(2): 150. Type from Quinn River
integrity is not maintained by any units within
Crossing, 4100 feet altitude, Humboldt County,
the two regions. Given this high level of
Nevada; Museum ofVertebrate Zoology no. 7855.
homogeneity, a conservative interpretation Thomomys townsendii elkoensis Davis, 1937, Journal of
of the details of differentiation is necessary
Mammalogy 18(2): 151. Type from Evans, Eureka
County, Nevada; Museum of Vertebrate Zoology
in assessing meaningful taxonomic categories
no. 70583.
within Thomomys townsendii.
Thomomys umbrinus bachmani Hall, 1981, The MamThe only pattern that is concordant among
mals of North America 1: 477.
the data sets presented here and in the accom~ Thonwmys umbrinus elkoensis Hall, 1981, The Mammals
of North America 1: 482.
panying paper (Rogers 1991) is the break be~
tween the Snake River populations and those Thomomys umbrinus nevadensis Hall, 1981, The Mammals ofNorth America 1: 488.
of Honey Lake Valley and the Humboldt Thomomys
umbrinus relictus Hall, 1981, The Mammals
River. Discriminant function analyses based
ofNotth America 1:492.
on cranial characters show some differentiation between these two gr0upS, although thomomys townsendii townsendii (Bachman)
overlap exists (Rogers 1991). A fixed differ- Geomys townsendii Bachman, 1839, (from Richardson's
ence at the GOT~1 locus provides a clear split
manuscripts) Journal of the Academy of Natural
Sciences, Philadelphia 8(1):105. Type locality "Cobetween these two regions despite their genlumbia River" is incorrect according to Bailey
erally high genic similarity (5 = .94).
(191~:42), who feels the locality is near Nampa,
The evidence from this study suggests that
Idaho; Academy of Natural Sciences Philadelphia
only two geographical units can appropriately
no. 147.
be given subspecmc distincti()n. The ranges Thomomys townsendii Allen, 1893, Bulletin ofthe American Museum of Natural History 5(5): 61.
of these units correspond to' (1) the Snake
nevadensis atrogriseus Bailey, 1914, ProceedRiver Plain of Idaho and southeastern Ore~ Thomomys
ings of the Biological Society of Washington 27:
gon and (2) the Humboldt and Quinn River
118. Type from Nampa, Idaho; United States
drainage systems in Nevada, southeastern
National Museum, Bioiogical Survey Collection
no. l81, 196.
Oregon (vicinity of Malheur Lake and Lake
Alvord), and Honey Lake Valley, California. Thomomys townsendi townsendi Bailey, 1915, North
American Fauna 39: 42.
Within each of these regions there is local Thonwmys townsendii townsendii Whitlow and Hall,
differentiation in some characters, but partic~
1933, University of California Publications in
Zoology 40(3): 255.
ular populations or subregions are not consistently delineated across many characters Thomomys townsendii owyhensis Davis, 1937, Journal of
Mammalogy 18(2): 154. Type from Castle Creek,
and modes of analysis (Rogers 1991). The cur~
eight miles south of Oreana, Owyhee County,
rently recognized subspecies T. t. bachmani,
Idaho; Museum ofVertebrate Zoology no. 67490.
T. t. elkoensis, T. t. nevadensis, and T. t. Thonwmys townsendii similis Davis, 1937, Journal of
Mammalogy 18(2): 155. Type from Pocatello,
relictus are herein regarded as synonyms of
Bannock
County, Idaho; Museum of Vertebrate
Thomomys townsendii nevadensis Merriam,
Zoology no. 46507.
1891, which has priority. The Snake RiVer Thomomys umbrinus owyhensis Hall, 1981, The Mampopulations, representing T. t. owyhensis,
mals ofNorth America 1: 489.
T. t. similis, and T. t. townsendii, are treated Thonwmys umbrinus similis Hall, 1981, The Mammals
of North America 1: 494.
.
as synonyms of Thomomys townsendii townThomomys umbrinus townsendii Hall, 1981, The Mamsendii (Bachman 1839).
mals ofNorth America 1: 495.

Thomomys townsendii nevadensis Merriam
Thonwmys nevadensis Merriam, 1897, Proceedings of
the Biological Society of Washington 11: 213.
Type from Austin, Nevada; United States National
Museum, Biological Survey Collection no.
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APPENDIX

Specimens Examined
Listed below ate specimens used in electrophoretic
and karyotypic analyses. Boldfllce numbers preceding
localities represent corresponding composite locality
numbers. Sample sizes in parentheses represent the
number used for eiectrophoretic anaiysis and the number
karyotyped, respectively.
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Thol1),omys townsendii nevadensis
CALIFORNIA: Lassen Co., [30], Bird Fillt Ranch, 3 mi.
S, 2.7 mi. W Herlong, 4080 ft. (n = g7,5); [31],4 mi. W
Stllndish, 4110 ft. (n = 18,2).
NEVADA: :Elko Co., [10], 0.5 mi. SW Ryndon, 5100 ft.
(n = 20,4); Eureka Co., [11], Hay Ranch, 17 mi. SE
falisade, 5160 ft. (n = 19,3); Ilumboldt Co., [5], Quinn
River Crossing, 4100 ft. (n = 9,3); Lander Co., [15], 5.5
mi. W Austin, 5700 ft. (n = ~2,5); Pershing Co., [3], Big
Meadow Ranch, Lovelock, 4000 ft. (n = 16,3); [1], 2 mi.
NWValmy, 4450 ft. (n = 21,5).
OREGON: Ilarney Co., [4],4 mi. SW Narrows, 4200 ft.
(n= 6,0).
.
Thomomys townsendii townsendii
IDAHO: Bannock Co., [20], Floyd Iohnson Ranch, 4 mi.
NWfocatello, 4500 ft. (n = 19,3); Elmore Co., [2~], 3 mi.
E Grandview, 2800 ft. (n = 8,0); Owybee Co., [16], 7.5
mi. SE Grandview, 2600 ft. (n = 21,3); [17], 6 mi. SE
Murphy, 3000 ft. (n = 4,1); Payette Co., [g3], 1.5 mi. NE
Payette, g~oo ft. (n = 9,1); Power Co., [19], g.5 mi. NW
American Falls, 4500 ft. (n = 10,g); Washington Co., [23],
g.9 mi. SE Weiser, glOO ft. (n = 1,0).
OREGON: Mlllbetir Co., [24], g.5 mi. N Ontario, glOO
ft. (n = gO,l).
.
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ECOLOG1CAL RELATIONSHIPS OF CURLLEAF MOUNTAIN-MAHOGANY
(CERCOCARPUS LED1FOLIUS NUIT.) COMMUNITIES IN
UTAH AND lMPLICAT10NS FOR MANAGEMENT
James N. Davis! and Jack D. Brotherson2
ABSTRACT.-Curlleaf mountain"mahogany is a Widely distributed shrubby tree of western North America. Welldeveloped st:JIlds ate most often found on WiJ,rtn, dry, rocky ridges and slopes at high elevations on mostly southern
exposures. It can, however, he found OIl all exposures. The species appears to be indifferent to substrate With soils
which are invariably shallow and of low fertility. Bowever, the Ilitrogen"fixing root nodules heJp overcome soil
deficiencies. This highly palatable species is preferred by mountain sheep, mountain goats, deer', and elk. Its nutritive
value (about 12% protein) and digestibility ratings (around 50%) in the Winter ate high when compared With most other
associated Winter browse species.
Early research With curlleafmountain-mahogany basically dealt With two major management prohielJls: (1) how to
inCrease available forage production on old, eveIl-aged stands too tall for hig g:J.i:ne to hrowse, and (2) how to increase
reproduction in these saine cOinmUnities. Selective dozer thinning, sometimes in conjunction With the seeding of
faSt~groWing plants, appears to he a promising maIlagement technique providing browse until the younger curlleaf
becomes established.
Key words: Cercocarpus, mountllin-mahogany, habitat relationships, management.

Curlleaf mountain~mahogany (Cercocarpus ledifolius Nutt.) is a widely distributed
shrubby tree of western North America,
ranging from Helena, Montana, south to San
Pedro Martin in :Baja California, and from the
Bighorn Mountains near Sheridan, Wyoming,
to almost the West Coast in southwestern
Oregon (Fig. 1). lts distJibution is from 610 m
to 1372 III in elevation in the northern !l.Ild
northwestern parts ofits range and to 3000 m
or more mthe most southern parts ofits range
(USDA Forest Service 1937, Martin 1950).
Duncan (1975) studied populations m Montana and found them to exist between 1200 m
and 2100 m, with a mean of 1100 m.
Curlleaf IIlountain~mahoganyis often llSSOciated with sagebrush, pinyon pine, j-qniper,
scrub oak (mountain brtish), ponderosa pine,
and spruce~fu (Martin 1950). T'idestrom
(1925) states that in central Nevada the spe~
cies frequently takes the place of ponderosa
pine and aspen at medium elevations, where
it sometimes fOrmS a noticeable transition
community between pinyon and limber pine.
Across the Great Basin, cUrUeaf mountain~
mahog;my actually occupies a narrow but
unique position between the lower fringes

of the conifer zone and the upper edges of
the desert steppe. In California, but still
within the Grelit Basin, Brayton and Mooney
(1966) found curlleaf IIlountain~mahogany
populations centered about 2000 m elevation
in the subalpine :lone. Here it occupied lime~
stone, dolomite, sandstone, and granitic soils
with a pH range of 6.5-8.4. Similar results
were obtained in studies done by Miller
(1964) in Wyoming and Scheldt (1969) in
Idaho.
The best-developed stands of curlleaf
mountain~mahogany are routinely found on
warm, dry, rocky ridges Or slopes at high elevations, Primarily western Or southern expo~
sutes (tidestro):n 1925, USDA Forest Service
1937, Martin 1950, Miller 1964, :Brllyton and
Mooney 1966, ScheIdt 1969, Thompson 1970,
Duncan 1975). These stands are characteris~
tically in isolated plltches but infrequently will
be found singularly ot in continuous and ex~
tensive communities.
Taxonomic variability in the genus Cercocarp4s ha.s long been noted, and at present
there. are several opinions concerning its
classification. Martin (1950) reVised the genus
Cercocarpus llild delimited the ledifoliUs

'Utah Division ofWildlife Resources, Intermountain Research Station, Shrub Sciences Laboratory, 735 North 500 East, Provo, Utah 84606.
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Fig. 1. Cutlleaf-rriahogllily distribution.

lifeforms into three varieties. Others, however, have elevated these varieties into species rank (Tidestrom 1925, USDA Forest Service 1937, Martin 1950, Smith 1964, Brayton
and Mooney 1966). Welsh et a1. (1987) combined the varieties tljpic'l{S and intercedens
into C.' ledifolius, while ,giving the vl:lriety
intr'icatus separate spe<::ies stl;iNs. Holmgren
(1987) determined that Nuttall's holotyjJe for
C; ledifolius' was actually the more ngrrow~
leafed taxon, while the more. broad~leafed
taxon had no name at any level. Therefore,
Holmgren g~ve the mote wide~leafed Vl:lriety
the nl;lille C. ledifoiius vat, intennountq,inus.
Those interested in this taxonomic question
can also refet to Stutz (1990). :Because of the
previous and confusing t::IXonCimic treatments
of Cercocq,rpus iedifolius by' others, in this
paper We do not disfmguish between the two
varieties of curlleaf mountain-mahogany. :But
the somewhat i:tJ.distin<::t taxonomic intefPretations can be summa.t~ed in the following
manner. The narrow-leafed variety (C. ledifolius var. ledifolius) is widely distributed
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throughout the more northertl and eastern
portions of its distribution. The wide-leafed
variety (C. ledifolius Vat. interrnountainus)
is commonly more central and southern in
its distributional range, with both vl:lrieties
found overlapPing through the central portionsof its r~ge, The classification of Welsh
et a1. (1987) is followed in this paper, and any
plant with elliptic leaves over 12 mm in length
is considered to be Cercocarpus ledifolius
Nutt.
Common names for C. ledifolius vary with
locatiOn. Western pioneers called members of
,the genus mountain mahogany. The Federal
Ttgde Commission, however, has since ruled
that the name "mahogany" should hot be
used to designate any other genus except
Sweitenia. The Forest Service checklist gives
"Cercocl;lTpus" as the common name of the
genus (Hayes and Garrison 1960). But, several common names are still used when refer~
ring to C. ledifolius (Le., desert mahogaIly,
leatherleaf mahogany, and curlleaf mounta,inml;lhog@y).
.
Cmlleaf mountain-:mahogany is highly
pall;itable to elk and deer (Smith 1950,
B:oskins and Dalke 1955, Davis 1982). Be~
cause its ll1;lrntive vl;l1ue and digestibility
rgtings l:lre high when compared with associated browse species, it merits attention in big
gl;lille management (St)1ith 1952, 1957, Bissel
Md s,ttong 1955, Welch 1981). Welch and
McArthur (1919) noted that curlleaf mOUntgin-mahogaIlY is One ofonly a few shrubs th~t
exceed the protein requirements ofwintering
deer. Other authors l;l1so consider it an important winter fora,ge plant (Tidestrom 1925,
USDA Forest Service 1937, tiacos and Nord
1961, ScheIdt 1969).
:Dependence on cutlleaf mountain~Illahogany
for winter fora,ge can Cause problems for
Wildlife bec;J.use live branches ate often be~
yond reach of browsing animals. Also, among
Popuhltions in Utah, Winter snows limit midwintet access to curlleaf mountain mahogany
growing a,t high elevations. But, when curlle~
mountain~mahoganyis available, it becomes
an impOrtant forage species for mule deer and
elk (Mitchell 1951, Smith 195,2, Smith and
Hubbard 1954, lUchens 1967, Tueller 1979).
Curlleafmountain-mahogany has been noted
as the third most important winter browse
species for mule deer in northeastern Utah
(Richens 1967) and also in eastern Oregon and
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Washington (Mitchell 1951). It is especially
essential for mO"Qntain goat s"Qrvival m Idaho
(Kuck 1980). In Utah, on one particularly critical mountain goat wintering area, it is the
only browse available to ~bout 80 a,niIIlals
(personll1 observation),
Most curlleaf mountain-mahogany investh
gative research has dealt with two major management problems: (1) how to mcrease available forage production on old, even-aged,
out-of-reach curlleaf mO"Qntain-mahogany
communities, apd (2) how to increase reproduction in these same curlleaf mO"Qntammahogany comIl1unities.
In the late 1940s and early 1950s :in Grant
County, Oregon, different pruning tech~
niques were tried as a means of iIl1proVing
forage production for wintering wildlife.
Some of the methods showed promise,
but most did not, and all were expensive
(Lemons, n.d.).
Many other researchers have since investi~
gated different pruning methods (G~son
1953, Neff 1963, ThoIIlpson 1970, Shepherd
1971, Ormiston 1978, Austin and tJmess
1980). Generally, clipping 50=75% or even
as much as 98% of the limbs increased twig.
production the folloWing year. In some Cases
rejuvenated twig production appeared to
decrease after three or more years. the cOnsensUs was that pruning should be done dut=
ing spring or early f~, and then mostly On the
younger age classes. Pruning done· during
the winter, especially on older trees, caused
death the next summer. Thompson (1970)
noted that reproduction appeared to be better
under individual trees that had been pruned.
Pruning costs ran as high as $120lha (Ormiston 1978).
Phillips (1910) prepared a summary of
curlleaf mountain':mahogany rehabilitation
projects on the Region 4 National Forests.
The summary stated that in the 1960s the
major problems in c"Qrlleaf communities were
extensive highlining of older even-aged com'munities (which produced very little available
browse) and little or no reproduction (Phillips
1970). Of special note was the bulldozmg of
strips parallel and perpendicular to the slope
to decrease competition and allow young
mahogany plants to become established. The
treatment resulted in a spectacular increase
in ~ssociated browse species that prod"Qced
forage much faster and in greater quantities
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than did curlleaf mounta.i.n=mahogany. At the
same time nearby older curlleaf mounta.ih=
mahogany provided excellent cover.
In a U.S. Forest Service report, Ferguson
and Klemmedson (1965) examined most curlleaf mounta.m-ml.ahogany ranges from southwestern Montana through southern Idaho.
they fO"Qnd nearly all ofthe curlleafcommunities in poor copdition resulting from excessive
Use by"wildlife and livestock. Personnel from
the Forest SerVice and Montana Fish and
Game Department stated that witho"Qt curlleaf mountain-mahogany it would be almost
impossible to maintain high populations of
deer in the area of Beaverhead County, Mon~
tana. Again, the major problems observed
Were the failure of cwlleaf to reproduce and
the occUrrenCe ofedible browse beyond teach
ofbrowsing animals.
Winter forage areas are a major limiting
factor for large deer pop"Qlations m much of
the Intermountain West. Available or suitable
wintermg area,s are generally low in produc=
tivity, making their rehabilitatiOn and man~
agement difficult. Current encroachment of
human populations onto many of these winter
ranges further complicates their management.
Whep it is desirable to maintain or increase
game animll1 pop"Qlations, the manager has
but two alternatives. either to improve and/or
to expand the winter range. ExPanding the
site ofwinter range is usually not feaSible, but
improvement Can often be achieved. Successful improvement practices require an under=
standing of the structure and dynamics of
the plant communities m question. In the case
of c"Qrlleaf mOl1lltain=m@oganY communities,
such information is very limited. Additional
eGolOgical mvestigations are needed if managers are to more effectively manage this Gom7
munity type.
The authors' objective is to consolidate
into one article infopnation concerning the
synecology of curlleaf mountain=mahogany
communities g::l.ined thro"Qgh direct field studies along With correlated infor:tn~tion from
other authors of the last 20 or more years.
·Such a publicll,tion sho"Qld permit better man~
agement and understanding of <;:urlleaf com~
munities and the big game populations that
are totally or . Partially dependent on these
communities for winter food and shelter.
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Fig. 2. Location ofthe 19 curlle(ifmountain"mahogany
study areas.

METHODS

Nineteen communities of curlleaf mountain-mahogany were selected for their large
size ~d homogeneous n~ture (Fig. 2). Study
plots of ;04 ha were established within each
community. Elevation, slope; and exposure
for each plot Were determined, Exposure
values were transformed according to Beers
et al. (1966), allowing the use of exposure as
an independent variable in multiple regression ~nalysis. Beers et al. (1966) used a north~
east exposure for their optimum timber
growth. However, according to our site quality index, curUeaf mountain-mahogany has its
optimum growth on southwest exposures.
Therefore we transformed the compass read~
ings using the follOwing equation,
Southwest optimum = COS (225
- compass reading in degrees + 1)
twenty~five .25-m quadrats in a5
2

x 5 grid
were equally spaced within the plot to help
determine density, frequency, and cover of
all plant species. Cover values were estimated
as suggested by Daubenmire (1959). Trace
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species were recorded. A trace species was
regarded as any plant species not occurring
within any of the .25"m2 quadrats but still
occurring inside the study plot.
The most prevalent or important plant species were determined by multiplying constancy (in percentage) ofeach species (Oosting
1956) by average frequency (in percentage)
in all stands (Curtis 1959).
.
A site quality index was based on stem
dia,meter (measured 30 cm aboveground)
divided by age and multiplied by 1,000. Stem
diameter was used instead of tree height
because of the dwarflike tree habit of curlleaf
mountain-mahogany on many sites. Preliminary anaiyses demonstrated that stem diameter was better related to stem volume than
wa,s height in regression analyses.
All curlleaf mountain-mahogany plant
heights within each .025-ha plot were measured to the nearest tenth of a meter. Stem
ba,sal diameter was recorded for each plant.
The number of separ~te stems per tree Was
also determined at this same height.
Stand age for curlleaf mountain-mahogany
was estimated by cutting five basal stems,
one each (the largest if plants were multiple
stemmed) from five dilferent trees within
the study piot. Stem diameter ranged from
2.5 to 20 em. Even when sanded and stained,
stems were d:!fficult to age: annual rings are
narrow and indistinct (Saul 1952, Dale 1968).
Stems were independently counted at least
twice to insure accuracy in estimates of age.
Only stands 10 through 19 were aged, Ages of
stands 1 through 9 were estimated using the
follOwing equation derived from stems taken
from stands 10 through 19, age of tree = m
(stem diameter) + B, where m = 17.8 (slope)
lind B = 11.2 (y intercept), R 2 = .67, which
was significant (.01) for this equation.
Soil samples were taken at 5 of the 25
qua,drats in each stand and were located at
the corners and center of each study plot.
Samples were taken to a depth of approximately 15 em, and the 5 samples Were combined for analysis. Samples Were analyzed for
texture, pH, and soluble salts. Soil depth,
taken as the average of the 25 readings, was
determined at each ofthe quadrats where soil
samples were taken.
Similarities and dilferences in the vegeta~
tive parameters between the study sites were
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1. Physiographic characteristics ofthe curlleaf mount~in"mahogany c<j>mmunities sampled in Utah.

Community
characteristics
Elevation (m)
Percent slope
Exposure'
Soil depth (dm)
l'ercent sand
Percent silt
Percent clay
Soil pH
Soil soluble salts (ppm)

High

Low

2725.00
81.00
1.98
3.20
91.00
44.00
31.00
7.80
550.00

2134.00
18.00
.00
.60
38.00
6.00
3.00
5.90
92.00

Mean
. 2397.60
45.40
1.64
58.30
25.50
16.20
6.90
278.30

Standard
deviation
172-80
15.90
.77
12.90
8.20
61.00
.60
113.00

"Numbers relate to Beers et al. (1966) transformations (2.00 equals So';thwest).

calculated using Sorenson's index ofsimilarity
(Sorenson 1948, DiJi; and Butler 1960).
Cluster analysis techniques (Sneath and
Sokal 1973) were applied to the interstand
similarity values. In this way, interstand
compositional similarities were graphically
represented. Multiple stepwise regression
and correlation analyses were made using
standard programs avaIlable at Brigham
Young University.
RESULTS AND bISCUSSION

Physiographic Chara,cteristics
Physiographic characteristics ofthe curlleaf
mountain-mahogany communities examined
in this study are reported in Table 1. Eleva~
tion ranged from 2134 m to 2725 m and averaged2398m.
Curlleaf mountain-mahogany appea,rs to
occur at a higher average eleva,tion in U!ah,
Nevada, and east central California than anywhere else in its range. Stands of the species,
while occurring below 2134 m in Utah, are
rarely large enough to accommodate study
plots of the size employed in this study-.
Extensive stands were observed above 3050 m in
the Deep Creek Mountains ofwestern Utah, but
they were not sampled. Brayton and Mooney
(1966) found curlleaf mountain-mahogany
communities centered at elevations just
above 2800 m in the White Mountains of east
central California. Such high~elevation stands
are not unusual on the hlgher southern mountain regions of the Great Basin. Lewis (1971)
reports well-developed curlleaf mountainmahogany communities occurring from 2230
to 2787 m in the Ruby Mountains of notth~
eastern Nevada.
In Montana, Dunca,n (1975) reports that
curlleaf mountain-mahogany forms a distinct

community type over an elevational range of
1165-2152 m. Miller (1964) in Wyoming and
ScheIdt (1969) in Idaho found very similar
elevatlonal ranges. Dealy (1975) found curlleaf mountain-mahogany ranging from 1375
to 2271 m in the area of southeastern Oregon.
Lower altitude preferences for the species
near its northern range limit are to be expected.
Well-developed stands are usually found on
steeply sloping la,nd; slopes averaged 45% in
Utah. Miller in Wyoming (1964), ScheIdt in
idaho (1969), and Duncan in Montana (1975)
had similar average slopes of48, 53, a,nd 48%,
respectively. Sampled stands occurred on all
exposures, as was also reported by Miller
(1964), Brayton and Mooney (1966), ScheIdt
(1969), Dealy (1975), and buncan (1975).
Although occurring on all exposures, curlleaf
mountain-mahogany appears most commonly
on south and southwest exposures.
True mountain-mahogany (Cercocarpus
montanus Raf.) _communities in Utah are
reported by Anderson (1974) to range from
1511 to 2195 m: Generally then, the altitudinal ranges ofcurlleafmountmn-mahogany and
true mountain-mahogany overlap little in
Utah. These congeners exhibit little difference, however, with respect to slope steepness and exposure preferences.
Edaphic Characteristics
Soils underlying the curlleaf mountain~
mahogany communities studied were invariably shallow, with an average penetrometer
depth of 1. 65 dm. This corresponds closely to
reslllts ofstudies by Miller (1964) and Duncan
(1975). The soils are commonly sandy loams;
however, a few stands occurred on loam,
clay- loam, and sandy loam sites. Soil reaction
teI!-ded to be circumneutral (modal pH of7.1),
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but individual stands Were observed on sites
as acidic as 5.9 and as basic as 7.8. Miller
(1964) and Duncan (1975) noted a pH of 1.6
and 7.5 ill Wyoming and Montana, respectively. Soluble salts were low in all the soils
analyzed, with a range of 92,=550 ppm. These
figures correspond to the findings of Miller
(1964), Brayton and MOOney (1966), ScheIdt
(1969), and Duncan (1975). Brayton and
Mooney (1966) also reported occurrences
of this species in California on shallow soils
of low fertility where it appeared to be indif~
ferent to substrate. Duncan (1975) found the
species on soils in Montana that were very
low in phosphorus and only intermediate in
respect to potassium.
Youngberg and Hl.l (1972) reported in
an Oregon study that curlleaf mountainmahogany produces root nodl.lles capable of
fixing nitrogen. they also discovered that
foliage from nodulated plants has the highest
amounts of nitrogen. Lepper and Fleschner
(1977) found that soils sl.lpporting limber
pine--curl1eafmountain-mahogany stands have
higher percentages of total nitrogen than soils
beneath similar limber pine stands without
the curlleaf mountain-mahogany association,
They concluded that the ability to fix nitrogen
is a frequent occurrence in extrewe or pioneer
habitats.
If the capacity to fix nitrogen is universal
in curlleafmountain..mahogany, it would help
to explain how the species can successfully
occupy the infertile sites that it regularly
colonizes.
In respect to soil preferences, curlleaf
mountain-mahogany and true mountirln
wahogany diverge widely in Utah. Anderson
(1974) found the most cowman textural class
for the latter species to be clay loam. Soil
depths were almost twice as great in true
mountain mahogany stands (Anderson 1914)
as in the curlleaf stands reported here. Further, this study also indicates that curlleaf
mountain~mahogany occurs on less basic
and less saline soils than does true mountain
mahogany.
Synecological Characteristics
Vegetative parameters for curlleaf
mountain-mahogany communities are listed
in Tables 2, 3, and 4. Canopy coverage values
varied from 20% to as high as 63%, with a
mean of 40%. The mean canopy height per
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site varied from 2.0 to 4.6 m, with an average
of 3.4 m for all sites combined. Curlleaf
mountain~mahogany densities ranged from a
high of417 plants per ha to a low of60.7 plants
per ha, with a mean of171.1 per ha.
In Montana, curlleaf mountain~mahogany
densities were much greater than those observed in this study. Densities varied from
472 to 21,627 individuals per ha, with a mean
of3,397 per ha (Duncan 1975). ScheIdt (1969),
in Idaho, showed a mean of 511 trees per ha.
Data on other variables obtained during
the sampling were analyzed using multiple
regression. These entities, along with their
influenCing factors and their coefficients of
determination, are listed in Table 5. Those
with 50% or more of the variation accounted
for were: mean canopycover (R 2 = .74), mean
canopy height (R 2 = .64), relative percent
frequency of shrl.lbs per stand (R 2 = ,58),
relative percent frequency of bie:p.nial forbs
per stand, (R 2 = .66), and relative percent
frequency of Carex species per stand (R 2 =
.55). Mean canopy cover per stand appeared
to be most affected by moisture-related
factors because slope, exposure, and percent
sand within the soil together accounted
for 64% of the .74 R 2 value. Mean height
per stand was most affected by soil pH (R 2 =
.12) and soluble salts (R 2 = .40). Curlleaf
mountain-mahogany density appeared not to
be affected (R 2 = .34) by moisture~related
factors.
The most important or prevalent species on
the curlleaf mountain-mahogany study sites
!lIe listed in order of importance in Table 4.
The 23 prevalent species of this study account
for only 16% ofthe 148 species encountered in
the study. But, they contribute more than
90% of the living cover in an average stand.
The prevalent species are predominantly
perennial (91%). More than 80% of the living
cover (Table 3) in an average stand is con"
tributed by woody or suffrutescent species.
Perennial grasses account for only 7% of the
cover. Perennial dicotyledonous herbs and
annuals account for the remainder, with
perennials furnishing about twice as mu~h
coVer as annuals (Table 3). The large contribution of woody plants and perennial grasses in
the community is probably related to the xeric
nature of the sites dominated by curlleaf
motmtain~mahogany (Harner and Harper 1973,
rake and Brotherson 1979). The dominance
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TABLE 2. Curlleafmountain mahogany stand characteristics determined from the 19 stands studied in Utah.
Curlleafmahogany
characteristics
Trees/ha
Percent canopy cover
Mean canopy height (m)
Mean stem diameter (em)
Mean stems/tree
Seedlings/(l.025 ha
Mean age/site
Site quality index

High

tow

Mean

Standard
deviation

417.00
63.30
4.70
18.50
5.60
23.00
142.92

60.00
19.60
2.10
5.10
1.70
.00
47.51
290.00

171.30
40.00
3.40
10.40
3.40
3.70
85.47
486.30

81.90
13.40
.80
3.20
1.20
7.10
23.09
93.20

n~.oo

TABLE 3. Vegetational characteristics ofcurlleafmountain-mahogany communities studied in Utah.
Vegetational
characteristics

High

Low

Mean

Standard
deviation

Species/stand
Species/quadrat (mean)
Percent understory cover
Percent canopy cover
Percent shrub cover
Percent perennial grass
Percent perennial forb
Percent annual cover
Percent sedge cover

37.00
5.40
70.00
93.00
55.00
35.00
22.00
27.00
1.00

15.00
1.60
7.00
30.00
1.00
1.00
1.00
.00
.00

i2.90
3.70
33.40
66.60
17.30
7.20
5.90
3.20
.20

5.80
1.20
15.90
15.90
13.40
8.70
5.90
6.20
.40

TABLE 4. Prevalent plant species of Utah curlleaf mountain-mahogany communities. Species are arranged in
decreasing order ofaverage importance in the community.
Percent
constancy
(a)

Species
Cercocarpus ledifolius
Symphoricarpos oreophilus
Agropyron spicatum
Berberis repens
Artemisia ttidentata
Bromus tectorum
Arenatia kingii
Poa fendleriana
Amelanchier utahensis
Oryzopsis hymenoides
Erigeron spp.
Pachistima myrsinites
Chrysothamnus viscidiflorus
Penstemon spp.
Hesperochloa kingii
QuerClls gambelii
Collinsia parviflora
Poasecunda
Stellariajamesiana
Pinus monophylla
Festuca ovina
Eriogonum microthecum
Agropyron trachycaulum

tree
shrub
grass
shrub
shrub
annual grass
subshrub
grass
shrub
grass
shrub
shrub
shrub
forb
grass
shrub
annual forb
grass
forb
tree
grass
shrub
grass

100
89
79
74
74
47
42
37
53
47
37
26
47
32
32
32
21
21
16
37
21
26
21

Mean percent
frequency
per stand
(b)
69.89
20.63
16.63
14.74
6.74
9.47
10.53
6.95
4.84
4.84
6.11
7.37
4.00
5.47
5.05
4.63
6.68
5.89 .
7.05
2.95
4.00
3.16
3.58

Prevalent
index
(ax b)
6989
1836
1314
1091
499
445
442

257
257
227
226
192
188
175
162
148
140
124
113
109
84
82
75
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TABLE 5. Results of multiple regression analysis (R 2) on measured chl!l"acteristics of curUeaf mountain-mahogany
communities.

MeliSured community environmental characters
. Expo- Eleva- Soil
tion depth.
Slope sure

Dependent variables
Curlleafmountain-mahogany
Mean cover/stand
Mean height/stand
Mean stems/tree
Subbasal arelllstand
Site index (diameter/age)
Mean species/quadrat
Su;" % cover for all
species/stand
Sum % cover shrubs/stand
% relative freq. trees
% relative freq. shrubs
% relative freq. peren. Forbs
% relative freq. biennial Forbs
% relative freq. annual Forbs
% relative freq. perennial grass
% relative freq. annual grass
% relative freq. Carex spp.

Group #1

16

-.07

-.06
-.07

-.01
.22
.04

-.01 .

.04
-.03
-.03
-.02

-,18
.01
-.14

.02
.18
.34
.04

.24

.06

.05
-.15

.07
.27

.04
.10

-,07
.04

i

51912210811161514

18

3

100

90

80

j

70

]
UJ

~

%

%

silt

clay

-.04

-,~~

.05
.23
-.01
.05

60

40

30

Fig. 3. Clustering of the 19 curlleaf mountainmahogany study areas based on cover composition and
40% similarity.

and variety of woody species in the commu~
nity help to inSl.lre that forage of good Variety
and quality will remain exposed to game
animals even with considerable snowcoVer
on the ground. Curileaf mountain:mahogMY

.03

Soluble Coe£ of
salts detenn.

040
-.52

-.1~

.2~

.15

.10

.%

fines

.08

.08

-.10

%

sand

.10
-.05

GrOup #2

1 I
71394171

-.35
-.05
.03
-.13

Soil
pH

.01

.30

.34
.01

.04
.05

.06
-.03
-045
.03
.17
.06
-.39

.06
.25
.05
-.14
-.02
.02

.74
.64
.66
.63
.74
.29
.54
042
.38
.58
.60
.66
.27
.21
.35
.55

stands on south and southwest exposures are
!mown to attract concentrations of big game
animals during early and late winter or
throughout a mild winter in Utah.
Clustering techniques (Sneath and Sokal
1973) based on cover composition ofthe vegetation show two major groups clustering
above the 40% similarity level (Fig. 3). One
group (designated 1) contains eight stands,
and the other group (designated 2) contains
seVen st~nds. An unpaired t test was used
to test for Significant differences in vegetative
and environmental characteristics between
the two cluster groups. Results indicated that
curlleaf mountain-mahogany c~nopy cover,
percent ofsoil fines (clay and silt), and percent
of sand were the only measured variables that
exhibited Significant differences with respect
to the two groups.
To determine which environmental variables exerted the most influence on curlleaf
mountain:mahogany performance, the site
quality index w~s correlated via multiple stepWise regression with values for several environmental variables. The analysis showed that
elevation, soluble salts, exposure, soil pH,
and percent of fines together llccounted for
74% ofthe variation in performance ofcurlleaf
mountain~mahoganY in the stands sampled.
Ofthis variation, 85% of the total is accounted
for by elevation and soluble salts (Table 5).
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Fig. 4. Regression plot shoWing relationship between curlleaf mountain~mahog~y branching habit and soluble
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The equation for this relationship is: site qual~
ity = 0.56x I + 0.09x2 + 3.,2X3 - 48.5x4 +
O.66xs - 156,6 (Xl = elevlltion, x2 = soluble
salts, X3 = exposQre, x4 = pH, Xs = percent
Bnes).
Although the site quality irldex identifies
those sites where the species grows most
rapidly, it is poorly correlated With available
browse for big game becllUse the "highest
qQality sites" in this study characteristically
produced curl1eaf individuals that are more
treelike than shrublike in habit.

whether or not the pl~ts would develop
shrQb~ or treelike habits. The effect of soluble
salts ~d s~d content on the mean number of
stems per tree is made even more evident
in multiple stepwise regression. Soluble salts
alone accounted for 52% ofthe totai 66% variation, or 79% of the total variation llccounted
for by the regression (Tllble 5). Without common garden studies, one cannot determine
whether this branching habit is an environmentally adllptive response or a fixed genetic
response.
The average canopy height per site in this
Growth Form
study varied from 2.0 to 4.6 m, with a mean of
Curlleaf mountairJ.-mahog~ygrowth habit 304 m. This may be misleading, for many trees
varied from treelike (1. 75 stems per tree) to were observed to be over 6 m tall on some of
shrublike (5.6 stems per tree). Varying growth the sites studied. For example, site 9 near
forms were also observed in idaho (ScheIdt Baker Lake Trail in the Humboldt National
1969), Wyoming (Miller 1964), and Montana Forest had trees over 9 m tall. ScheIdt (1969)
(DQncan 1975). Stem diameter per tree found the average height to be 2.9 m in his
ranged from 5.0 cm to 18.5 Cm, with an aver~ Idaho study. In cOntrast, Duncan (1975) found
age of 10.6 cm (4.1 in). Regression analysis that sites mMontana west of the ContirJ.ental
revealed that the branching habit of curlleaf Divide had ~ average c~opy height of 1. '7 m,
mOimtain-mahog~y in Utah is Significantly while sites east of the Divide had ~ average
correlated with soluble salts and percent of canopy height of only 0.9 m.
sand in the soil (Figs. 4, 5). This relationAge and Reproduction
ship could be important when considetirlg es;
Mean ages for curlleafstems on the 19 study
tablishment of curlleaf mountain=mahogany
onto new areas. Knowing the amount of sand sites ranged fr'om 48 to 143 years, with an
and soluble salts may allow one to estimate average age for all study sites of 85 years.
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Age distributions (Fig. 6) indicate that 58% of
the individuals sampled fall between the ages
of 56 and 109 years.
Dealy (1975) rarely encountered trees
larger than 25 cm in diameter in Oregon.
Over 90% of all trees sampled in his study
were less than 20 cm in diameter. In this
study, 74% of the trees had diameters 15 cm
or less, while 26% were over 15 cm in diameter (109 years of age or older). Thus, Utah
stands appear to be older in average age than
the Oregon stands. These comparisons can
be made between Oregon and Utah because
a line midway between bealy's (1975)
two regression lines, one for dry sites and one
for moist sites, would estimate a 20.3-cm
stem to be 130 years old. Using the diameterage regression equation developed in this
study, one could estimate the age of the same
20.3~cm stem to be 131 yeats. Such remark~
able similarity between regression equations
would suggest that curlleaf mountain~
mahogany growth is similar between Oregon
and Utah.
Forty~seven percent of the areas sampled
had no trees in the size class less than 2.5-cm
(20-year age class) (Fig. 6), indicating little or
no reproduction on these sites. This could be
due to shade intolerance ofcurlleaf mountain~
mahogany seedlings, competition for water
and mineral nutrients with adult curlleaf
mountain-mahogany and other understory
species, autotoxicity of litter to seedings of

the species, or overutilization by wildlife.
Such low rates of reproduction in a species
whose individuals are capable of living to be
well over 723 years (estimated age of 100-cm~
diameter stem near site 17) may not, how-"
ever, be a serious defiCiency. Individuals of
great longevity should be able to find ample
opportunity to replace themselves over an
extended period.
.Ages reported for curlleaf mountaih=
mahogany in the Montana study (Duncan
1975) were much younger than those for Utah
or Oregon. Trees in sites West of the Conti=
nental Divide had a mean age of31 years, with
a range of 5 to 85 years. Trees on sites east
of the Divide were still younger, with a mean
age of only 20 years. Eight percent of the
individual samples were class:ified as young,
mean age 10.8 years. Sixty-two percent were
classified as mature, mean age 39.5 years.
Thirty percent were classified as decadent,
mean age 49.9 years.
In this study about 10% of the individuals
were considered decadent. Mean age ofdecadent (more than 25% of the crown was dead)
individuals in Utah was about 161 years. This
lower percentage of decadence may possibly
be attributable to the difference in plant
height: taller trees would not suffer as much
browsing damage as would the shorter Mon,"
tana plants. The oldest tree recorded in Duncan's (1975) study was 130 years. The oldest
stands we are aware of are from central and
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western Nevada; ages range from 134 to 482
years with a mean of 352 yelirS (Schultz et al.
1990).
Once germination has taken place, the
seedlings appear to be well adapted for estab~
lishment in xeric habitat. Dealy (1975) reported that curlleaf seedings had a mean
taproot length of 0.97 m after 120 days. The
mean top height for the seedlings after 120
days was slightly less than 2. 5 cm, with a mean
leafarea of4 cm%eedling.
Reproduction on all study sites was gener~
ally poor, ranging from no seedings (in 47% of
the study plots) to 568 seedlings per ha in plot
13. The average number of seedlings per plot
was 222 per ha. Duncan (1975) reported an
average of 134 seedlings per ha, with a range
of0 to 660 seedlings per ha in Montana. Sixty~
eight percent of her study areas had no
seedlings. The great variation in reproduction
would indicate that a critical combination of
environmental conditions must exist for ger~
mination and seedling establishment. ScheIdt
and Tisdale (1970) and Dealy (1975) also
observed that insect predation on mature
seeds is a common occurrence. Good seed
crops occur only every 2 to 10 years accord-

ing to Plummer et al.· (1968). Variations in
seed production from year to year could be
on~ explanation for poor reproduction. Dealy
(1975) found that no special chemical treatment Was needed for germination ofthe seeds
other than being stratified in a moist medium
at 4 C over a 220-day period. He obtained 88%
germination after such treatment. This sug~
gests that a wet, somewhat mild winter is
required for good stratification and that an
unusually wet spring-summer is needed for
good seedling germination and establishment.
ScheIdt and Tisdale's (1970) counts of
seedling surVival through the first summer
revealed that most mortality was due to
drought. Winter mortality, also high, was due
to gr~ing, mostly thought to be rabbits. The
lack through time of proper combinations of
critical parameters needed for germination
and growth of young curlleaf mountainmahogany plapts may help to explain why
reproduction is so poor on most curlleaf
mountain~mahoganysites.
MANAGEMENT IMPLICATIONS

The management of curlleaf mountainmahogany is difficult because the species
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does not resprout after burning or chaining
and is very troublesome to establish from
seed. These characteristics do not leave many
options for management manipulation. The
major problem confronting the manager will
be, What do you do with old, decadent communities ofcurlleafwith out~of-reachbrowse?
There are no feasible quick-fix methods
for this problem. The pruning srudies are examples of feasible but basically impractical
treatments for increasing production. The
best overall approach to this problem, in the
long term, would be to thin ortake out old
trees in small, randomly placed and shaped
openings. This would allow associated shrub
species to be released while allowing open~
ings for curlleaf seedlings to become estab~
lished. The thinning process could be done by
selective dozing or chaining, depending on
the size and shape of the openings wanted
within a stand. Release of associated species
would give some immediate relief with
respect to overuse of the curlleaf mountain;
mahogany and also allow younger age classes
of curlleaf mountain-mahogany time to become available. Some communities ofcurlleaf
may lack associated browse species; here selective removal would probably only promote
establishment of young seedlings. If other
browse species are wanted, especially species
that grow more rapidly, seed dribblers
(placed over both bulldozer tracks) could be
used to plant species that would provide
browse much sooner than the slow-growing
curlleaf. But, such species should not be
planted in densities so high as to ha.mper
curlleaf establishment; curlleaf seedlings are
not strongly competitive. This close association could also be of benefit because curlleaf mountain~mahogany has soil-enriching;
attributes as noted by Lepper and Fleschner
(1977).
Curlleaf mountain;mahogany communities
appear to be stable or "climax" in narure.
Rates of succession are considered to be extremely slow and dependent upon habitat
factors relating to storage of soil moisrure and
to soil development processes, which are also
slow in these xeric environments. On site 17,
however, white fir had a coVer value of 40%.
The white fir trees were taller than curlleaf
mountain-mahogany (site 17 average height
4.7 m [15.5ft]), but with time the white fir will
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likely shade out the shorter curlleafmountainmahogany plants. Another problem would be
snow loads falling from the white fit trees and
breaking limbs in the shorter and less flexible
curlleaf mountain-mahogany. Because white
fir occurred on only 2 of the 19 sites sampled,
displacement of curlleaf mountain-mahogany
by white fir is not thought to be a common
occurrence in Utah. Site 17 Was the only area
sampled that had clay~loam soil, which may
account for the response offir there.
Dealy (1975) thought that the survival of
curlleaf mountain~mahogany communities
Was dependent on fire-resistant rocky sites.
Trees on such sites were larger and older than
those on nearby nonrocky sites. These trees
also provided seed if fire destroyed the nonrocky portion ofthe community. Dealy's opin~
ion wa.s based on finding charred trees and
charcoal bits on nonrocky srudy areas. ScheIdt
(1969) observed similar patterns in areas in
southern Idaho. We also observed that the
larger trees occurred on the most rocky areas;
the younger trees occurred on nearby areas of
gentler slope and less rocky soils. We found no
evidence offire, however, on any of the study
sites in Utah.
The fact that curlleaf mountain-mahogany
produces good seed crops at very irregular
intervals and is difficult to establish because
its seedlings are sensitive to drought and frost
(Plummer et al. 1968, Dealy 1975) may explain its Common stand characteristics. Once
a few trees are established, the "pioneering"
individuals usually grow to large size before
conditions for germination and growth of
seedlings are met. Moreover, seedlings must
compete with other established plant species.
Rocky sites would offer less competition dur;
ing establishment.
The distribution of curlleaf mountainmahogany communities is not expected to
change signllcantly in the furure. The com~
munity type appears to be physiologically and
morphologically adapted to a narrow elevation and/or moisrure range of about 20003000 m in Utah. At higher elevations the exclusion of C. ledifolius from most areas is
likely determined by competition with
conifers and other plant species, which are
more competitive for sunlight and moisture.
Curlleaf mountain;mahogany can avoid competition by growing on ridges, canyon ledges,
or high plateaus with poor soil development

1991]

ECOLOGY AND MANAGEMENT OF CURLLEAF MAHOGANY

where the conifers do not establish well. The
lower altitudinal distribution patterns ate
most likely determined by lack ofcompetitive
ability on sites where soils ate deeper and
where m.ountain brush and pinyon"juniper do
well.
Curlleaf motmtain~mahoganycommunities
::q.-e important becal.1se they grow in habitats
where few other desirable woody plants will,
and thus they provide plant cover for stabili:,zing otherwise unstable systems. Also, in their
young stages these communities provide valuable for~ge for big game; later, ~s the communities age, they supply much-needed shelter
in winter where environmental extremes
predominate. More information is needed on
ecological significance of curlleaf mountain~
mahogany's soil-enriching attributes and possible effects on associ~tedplant species.
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SITE CHARACTERISTICS AND HABIT.t\.T REQUIREMENTS
OF THE ENDANGERED DWARF J3EAR~CLAW POppy
(ARCTOMECON HUMILIS COVILLE, PAPAVERACEAE)
Deanna R. Nelson' and I<:imball T. Harper'
ABSTRACf.-Arctomecon humilis Cov. is a narrow endemic, confined to gypsiferous substrates derived from the
Shnabkaib Member of the Moenkopi FOtrrlation in southwestern Utili. The characteristics of seven A. humilis sites
were studied to define hllbitat requirements of the species. Both physical and biotic aspects of the habitat were
analyzed; geology, soil chemistry, and physical properties, as well as vascular an(l nonvascular plant communities, were
studied. Chemical and physical properties ofthese soils vary considerably from those supporting adjacent desert-shrub
communities. The dominant vascular species on A. humilis sites are shadscale and Mormon tea. It was found that 4.
humilis occurred in portions of the habitat where shrubs Were relatively less dense. A soil-surface, cryptogamic
community contributed 84% or more ofthe total living cover on sites that supportedA. humilis. Species composition of
the cryptogamic community was highly similar among sites. Likewise, composition of the cryptogamic cover was
similar when random samples were compared with samples centered on A. humilis plants. The Purgatory Flat site,
which does not support the poppy, seems inseparable from A. humilis sites ,in respect to soil characteristics and
composition of the associllted plant cover. There is reason to believe an A. humilis population could be established at
the Purgatory Flat site.
Key words: Arctomecon humilis, dwarf bear-claw poppy, habitat characteristics, gypsophily.

The dwarf bear-claw poppy (Arctomecon
humilis) is a perennial herb endemic to gyp~
sum soils of Washington County, Utah (Atwood 1977). It presently occupies an archi~
pelago of isolated sites to the south, west, and
eastofSt. George, allofwhicharewithin8~10
Ian of the city limits. A. humilis is confined
to substrates derived from outcrops of cer~
tain members of the Moenkopi Formation
(USFWS 1985). No detailed discussions ofthe
habitat requirements or general ecology of
this species have previously appeared in the
literature.
During the last several decades, the development of housing in the St. GeorgeBloomington area and the construction of
Interstate 15 and associated road maintenance
facilities have eliminated much of the plant's
habitat. Off-road vehicle (ORV) traffic and
mineral assessment work on gypsum claims
immediately threaten remaining habitat. Off:,
road vehicles cause excessive erosion and loss
ofviable A. humilis seed stored in the surface
soil (Nelson and Harper 1991). Continued development and expansion in the St. George
area will undoubtedly result in continued

encroachment upon habitat now occupied by
the species.
In ·1979 the tJ. S. Fish and Wildlife Service
issued a final rule statement declaring
A. humilis an endangered species (USFWS
1979). Critical habitat was not designated in
that ruling. Since 1979, several hundred acres
ofhabitat have been closed to ORV use by the
U.S. Bureau of Land Management (USBLM
1987) and the state of Utah, but difficulties in
posting and enforcing these closures have resulted in almost :0.0 change in patterns of use
on habitat occupied by the species. In fact,
photographs taken at permanent photo points
show an increase in evidence of ORV use on
some of these·. sites over the period 19871990. While the direct effects of ORV and
mineral explotktion on living plants are not
always extensive, soil erosion initiated by
ORV traffic progressively destroys the limited
habitat to which the species is intimately
tied. Erosion also results in loss of seed from
the soil seed bank. Since the species is short
lived (up to perhaps six years), maintenance
of viable populations depends upon regular
establishment ofplants from the seed bank.

'Department ofBolany and Range Science, Brigham Young University, Provo, Utah 84602.
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It is the purpose of this paper to define the
habitat requirements of this species.
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attempts to establish additional populations
ofA. humilis ate ever made.
St. George receives an average of 201 mm
ofprecipitation
annually (Brough et al. 1987).
STUDY AREA
Most rainfall occurs during the Winter
Approximately two~thirds of the habitat months, but summer aune~September)conoccupied by A. humilw is on federal land man", vective storms contribute about one-fourth of
aged by the U.S. Bureau of Land Manage- the annual total. Year-to~year variation in total
ment (BLM). One~third is owned by the state annual precipitation is considerable. The
of Utah and managed by the Utah Depart- coefficient ofvariation for total annual precipi~
ment of State Lands and Forestry. the seven tation over the past 30 years is 33.2%. A
poppy sites conSidered. in this p~per ate man~ "Walter Di~gram" for the St. George weather
station (Fig. 1) shows the relationship he~
~ged by the state or by BLM.
In neatly all cases the speCies is confined tween annual patter:p.s of precipitation and
to low gypsum hills typically found at the base temperature (Walter 1973). During the winof red cliffs. The sites are often undetl~n by ter months, temperatures ate low enough and
similat red beds (see below). The plant occurs precipitation great enough that soils can accuoccasionally on red gypsum~rich soils but inula,te some moisture (striped area in Fig. 1).
is more typically found on white-gray gyp~ Warmer temperatures during the spring and
siferous soils. The white gypsum substrate is summer months create a water defiCit, since
almost always associated With a heavy cover of evaporation exceeds precipitation and moiscryptogamic plants (i. e., lichens, mosses, tilre is only briefly ava,ilable to plants (stippled
area). Rosettes of A. humiZw remain green
blue~green algae) except where natural ero~
sion and ORV tnl.vel have destroyed that throughout the year and can take advantage of
av~lable moisture a,t any time,
cover.
ke~s surrounding habitat occupied by the
poppy support creosote bush (Larrea tride'(l,METHODS
tata [DC.] Cov.) communities. Creosote bush
and many of its associates are intolerant of
During 1987 soil W;lS collected at seven
gypsum (Meyer 1986) ~nd. are essentially ab~ A. humilis sites: Red Bluff, Price City Hills,
sent from the poppy sites. The gypsum sites White Dome, Shinob Kibe Dome, Boomer
support a sparse shrub community that is Hill, Beehive Dome and Warner Ridge. (The
dominated by burrobush (HymenocZea salsoZa naine ofthe buttelike landform that ;lppeats as
T, & G,) and shadscale (AtripZex; confertifolia "Shinob Kibe Dome" on U. S. Geological Sur[Tort. & Frem.] Wats.). At one site (:Beehive vey maps is repOrted by Gregory [1950] to
Dome) the poppy occurs With the endangered have been derived from the Piute words
gypsum cactus (Pediocactus siZeri [Engelm.] Shinob [Gre~t Spirit] and kaib [mountain];
L. Benson). Desert tortoises (Gophetus agas- Gregory considers the n~me of the geologic
sizii Cooper) have been observed among member, "Shnabkaib," to be a misspelling of
poppy plants at Red :Bluff, but there is. no the Piute name.) Soil was !lIso collected at two
evidence that the tortoises utilize A. humiZw.
sites at PUrgatory Flat Oust below the dike on
tn ~dd.ition to the seven poppy sites stild.~ the southem shore of Quail Creek :Reservoir
ied, we have Sampled another site, Putg~tory and south of U.S. Itighway 17). Soil Samples
Flat, which does not support: l:l. poppy popula- Were taken With a .2..5-cm~diameter tube in~
tion. That site is included in the study because serted. to a depth of 15 cm. A minimum of six
it is Visually and chemically similar to sites samples was collected at each site, the num~
occupied by the species and. lies Within the ber collected depending upon the size. and.
range of elevation of those sites. The Purga- ;lppatent heterogeneity of the site. Soils a,t
tory Flat site is only 8 lan from eXisting popu- most sites ranged from red, clay~richto white,
lations of A. humiZw at shinob IG.be DOme purely gypsiferous substrates. Both red and
neat Washington, Utah. The gypsUm hills at white substrate types were sampled if the
Purgatory Flat cover a large area extending poppy occurred on both. Subsamples from
south from Quail Creek Reservoir for 2.5-3 each site were combined for analytical pur~
lan. Portions of this area could be used if poses, and soils were analyzed by the Brigham
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ST. GEORGE (Elev.=841m)
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FIg. 1. "Walter Diagram" shoWing the reJ3.tionship between aver3.ge monthly precipitation (mm), along with
average monthly temperature (00) and mean annual temperature and precipitation, for the St. George, Utah, weather
station. The stippled area represents a period of water deficit, when evaporation exceeds precipit3.tion and moisture
is only briefly avllilable to plaI}ts; the striped area is a period when soils may 3.ccumulate water.

Results for ,the preceding sl1ite of soil
Young University Soil Laboratory, Department ofAgronomy and Horticulture.
variables at each of the eight sites were subSamples Were analyzed for concentrations jected to cluster analysis (Sneath and Sokal
bf nine biogenic elements (P, Ca, Mg, K, Na,
1973) using a program from the Ecology Pro~
Zn, Fe, Mn, Cu); pH, electrical conductivity, gram Library (W. Eo Evenson and J. D.
cation exchange capacity, and linear extensi- Brotherson; Brigham Young University,
bility (a quantificatiOn of a soil's tendency Provo, Utah). The values for each parameter
tb shrink on drying). Micronutrients (Zn, Cu,
at all sites were relativized before being enFe, and Mn) were extracted frbm soils with tered in the program (i. e., the largest value
DPTA (diethylenetriamine-penta~aceticacid). for each variable was taken as 100% and all
Exchangeable calcium, magnesium, potassh other values were eXpressed as a percentage
Um, and sbdium were extracted with 1. 0 N of that maximum value). The program comneutral ammonium acetate. Phosphorus was putes an index ofsimilarity for possible site
extracted using 0.5 M sodium~bicarbonate. pairs using the. form llla S. 1. = [2:(minimum
Individual ibn concentrations Were deter- values for any attribute for the two sites)
mined using a PerkiP--Elmer Model 5000 ~(maximum values for any attPbute for the
atomic absorption spectrophotometer. Soil two sites)] X 100 (Ruzicka 1958), where "min"
reaction was measured with a glass electrode or "max" represents the smallest or largest of
pH meter on saturated SbU pastes, and electri~ the values for each characteristic compared
cal condUctivity ofthe saturated soil paste Was in the two stands.
measured using a standard wheatstone bridge
In 1988 additional soil samples were col(U.S. Salinity Laboratory Staff1954). Cation lected at :l3eemve Dome, Price City Hills,
excharige capacity (CEe) Was detefIllined by Red Bluff, and Purgatory Flat. These soil
mass action using a 1.0 normal sodium acetate samples were taken as described above. Consolution, washing aWay excess salts with dis- tents of gypsum, calcium carbonate, sand,
tilled water, and displacing adsorbed sodium skeletal material, and water content at -15
with ammonium acetate (Chapman 1965). bars matric potential were determined. PerLinear extensibility was estimated by oyen- cent skeletal material was deteiiIlined from
drying standard diameter cylinders of satu~ the weight of the total sample retained on a
rated soil paste for 24 hours and determining 2~mm sieve. Percent sand was determined
from the weight of material passing a 2,-mm
percentage change in length.

an
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sieve (No. 10 mesh) but retained on a 0.05mm sieve (No. 275 mesh) anq is reported as
the percentage of the soil fraction less than
2 mm. Alkaline earth carbonates were determined by acid neutralization procedures
(U. S. Salinity Laboratory Staff1954). Gypsum
content was determined with liloss-by-weight
procedure by drying the soil <it 45 C and 105
C, the difference in weight representing the
loss ofwater incorporated into crystals of gypsum (Nelson 1982). Gypsum and c<J.lcium carbonate were measured for entire samples,
which were ground prior to analysis. Water
content was measured across a 15~bar pressure membrane (Richards 1965).
Vegetation was sampled dUring 1988 at Red
Bluff, Price City Hills, and Purgatory Flats.
Shrub density and cover, herb cover; and
cryptogamic cover were melisured <J.long ranqomly placed 100-m transects. Shrub density
was measured using the point~centeredqllarter method with distance measures taken
from points spaced at lO~m intervals along
the transect. Two canopy diameter measurements, taken at right angles to each other;
were recorded for each shrub included in the
sample. Shrub density was computed from
the poinHo~plant center data (Cottam and
Curtis 1956). Shrub cover is based on canopy
area of individuals and shrub qensity data.
A nested frequency quaqrat frame .(Smith
et al. 1987) was centered On each of the same
points used for the point~quarter sampling
and used to evaluate relative frequency and
percent cover for cryptogamic species (lichens
and mosses), vascular plants, and nonliving
cover. At the two poppy sites where vegetation was sampled, Red Bluff and Price City
Hills, these procedures were repeated but
sampling was centered on the k humilis plant
nearest the 10-m point on the transect rllther
than on the transect line itself, Plant-centered
versus random-point 10catiOJ:ls made it possible to test the hypothesis that the vegetational
environment around A. humilis plants has a
lower shrub density than the general habitat.
RESULTS

Physical Environment
A. humilis was found only on gypsic outcrops of the Moenkopi :Formation of Early
triassic age (Fig. 2). The poppy has been
reporteq to be confined to the upper three

CHINLE FORMATION
SHINARUMP CONGLOMERATE

UPPER RED MEMBER

.

}

SHNABKAIB MEMBER

MIDDLE RED MEMBER

VIRGIN LIMESTONE MEMBER
LOWER RED MEMBER

} TIMPOWEAP !>1EI.filER

KAIBAB LIMESTONE

Fig. 2. Diagram showing the relative positions of geologic members of the Moenkopi Formation and adjoining
strata in the vicinity of St. George, Utah. (From: R. IC
Gierisch 1981. Observations and comments on Pediocactus sileri in Arizona and Utah." Desert Plants 3: 9=~8.)

members~

the Upper Red, Shnabkaib, and
Middle Red (U$FWS 1985). The majority of
the poplllations occur almost exclUSively on
the Shnabkaib Member (W. Kenneth Ham=
blin, personal communication). Shnlibkaib
Olltcrops also occur in the northwest portion of
Purgatory Flat, at the base of red cliffs. The
gypsum hills across much of the Purgatory
Flat area consist ofalluvial sediments derived
from the Shnabkaib.
In Washington County the Shnabkllib
Member varies from 80 to 225 m in thickness
and consists of white, pink, and light red gypsiferous shale and gypsum (Cook 1960). It is
easily reco~ed by its candy-stripe appearance. In many places surrounding St. George
it fOrms low bills at the bases ofred cliffs ofthe
Upper :Red Member. These Upper Red cliffs
are capped by the Shinarump COnglomerate.
A large area of Shnabkaib is bisected by Interstate 15, and an unknoWn number of acres lie
under housing developments in the Bloom~
ington area ofSt. George and in older sections
ofSt. George itself. The White Hills area west
of Bloomington is the largest contiguous portion ofexposed Shnabkaib in the vicinity.
Soils on A. humilis sites consist of little~
altered parent material and are soils only in
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the broadest definition of the word. There is
no obvious horizonation in these substrates,
though the uppermost portions would surely
be somewhat enriched by additions from the
cryptogamic crust and very locally (e. g., at the
base of shrubs) by organic amendments from
vascular plants. The influence of cryptogams
may extend downward into the solum for
only a few millimeters. Little organic matter is
added to the soil annually, due to sparse vegetative cover. Minimal input of organic matter
combined with a dynamic soil surface result~
ing from dissolution and reformation of gypsum crystals appears to preclude horizon
developinent. The soil survey report for
Washington County (USDA 1971) refers to
these areas as 'badlands" and does not further describe or classify the soils.
Results ofsoil analyses are shown in Table 1The heterogeneity of these sites, as discussed
above, is reflected in physical and chemical
analyses. Within~site variation wa.s consider~
able (with coefficients of variation exceeding
20%) for all parameters except calCium, elec~
trical conductivity, and pH. In most cases
within~site variation for a given variable was as
great as that between sites. No site con~
tributed more than one-fourth of the extreme
high or extreme low mean values for the various parameters, suggesting that no site, including Purgatory Flat, can be considered
chemically distinct from the others. Soils from
the Purgatory Flat site show fewer extreme
vah.les for the variables considered than do
soils from sOme poppy sites. Furthermore, no
raw values for the Purgatory Flat site f~ outside the range of values for corresponding
variables frOin poppy sites. The similarity of
Purgatory Flat soils to soils at poppy sites is
. also demonstrated through cluster analysis
(Fig. 3), performed as described in Methods.
All soils sampled are slightly basic, with pH
in the range of7.2-7.5, and are highly gypsiferous, with gypsum contents ranging from
27 to 51%. Calcium carbonate content, which
ranges from 15 to 24%, is also high. Rasmussen and Brotherson (1986) reported data
on soils from desert shrub communities of
Washington County that occur adjacent to
A. humilis habitat. Mean values for pH and
CEC presented here for A. humilis sites are
slightly lower than those reported for the
desert shrub soils, but they are within the
range ofone standard deviation oftheir mean.
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WhitcDome

'---~--~~ ShinobKibe

Fig. 3. Dendrogram resulting from clustering of six
A. humilis sites and one potential A. humilis site (Purga_
tory Flat) for the following soil attributes: P, Ca, Mg, K,
Na, Zn, Fe, Mn, Cu, cation exchange capacity, pH,
electrical conductivity, and shrinkage upon drying (coefficient oflinear extensibility).

Concentrations of magnesium and potassium
are 50% lower on the gypsum soils, while
levels of phosphorus and zinc are not different. The most striking differences are between concentrations of calCium, copper, and
iron. Levels of calcium and copper are 10
times greater in A. humilis soils, while iron
concentrations· are the same magnitude
lower. ObViously, these disparities have not
interfered with the growth ofA. humilis, and
there is little evidence to suggest that such
abnormal values are required for its existence.
Meyer (1986) concludes that the likelihood of
chemical factors controlling species composition on gypsum soils is minimal, and that the
degree of endemism on gypsum soil is due to
physical properties ofthe soil that affect avail~
able moisture for plant growth.
Soil texture is not reported here because of
difficulties in textural determination created
by properties of these soils: high concentrations of salt cause fine particles to become
flocculated, thus rendering hydrometric procedures useless, and gypsum crystals compli~
cate particle size determination through sieving. It is likely that much of the sand~size
component, as measured here by sieving,
consists of gypsum. The percentage of sandsize particles in the soil fraction smaller than
2 mm ranges from 14 to 29%, leaving three~
fourths ofthe weight ofthe <2 mm material to
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TABLE 1. Mean values for selected chemical and physicai soil PW:imeters atseven A. humilis sites and one potential
A. humilis site (Purgatory F1at). Standard error is shown in Plltentheses. :Elemental analyses were not run for the
Beehive Dome site. Values we not available for the last five parameters at Boomer Hill, Shinob Kibe, Warner Ridge,
and White Dome.

Beehive
Dome

Boomer
Hill

Price
Hills

Red
Bluff

Shinob
IQbe

Warner
Ridge

White
Dome

Purgatory
Flat

17,0
(5.89)
3.6
(0.19)
97,6
(7.74)
105,9
(9.g4)
15,2
(1.39)
0.4
(0.02)

33.7
(1.43)
3.7

22.9
(2,.76)
4.0
(0.13)
73.9
(4.87)
74.1
(4,71)

19.4
(8.14)

14.2
(1.37)
0.2(0.02)

8.8
(1. 71)
3.9
(0,09)
57.6
(8.12)
42.9
(10.1)
11.6
(0.43)
0.3
(0.04)

33.8
(5.34)
4.1
(0.07)
74,3
(5.14)
74.6
(11.53)
14.4
(0.85)

2.9
(0.12)
1.5
(0.08)
0.9
(0.07)
9.6
(0.50)
7.3
(0.07)
2,2
(0.06)

2.6
(0.25)
1.2
(0.03)
0.9
(0.04)
1.4
(0.23)

13.7
(0.70)
0.3
(0.02)
2,5
(0.15)
1.3
(0.08)
0.8
(0.10)
8,2
(0.40)
7.2
(0.05)

5.9
(0.62)
4.0
(0.10)
81.2
(6.25)
78.6
(6.79)
14.2
(0.57)

1.9
(0.11)

2.1
(0.19)
1.1
(0.17)

1.3
(0.21)

0.8
(0.17)

Nutrients (ppm)
P
Ca
(ppm X 10-4 )
Mg
K

Na
Zn
Fe
Mh
eu
CEC l
pH
EC 2

..

COLE a

(0.2~)

76.3
(3.82)
82.6
(4.63)
15.3
(0.6?)
0.4
(0.03)

1.3
(0.06)
2.2

(ojO)

%H2O
11.4
8.2
-15 bar
(0.81)
(2.26)
CaCOa
15.4
24.3
(% bywt.)
(0.52)
(0.09)
CaS04
32.7
27.3
(%bywt.)
(~.70)
(12.22)
Sand
14.6
26.0
(2.7i)
(% of <21Ilm)
(5.19)
Skeletal
14.3
18.1
(% of total)
(2.55)
(9.02)
ICEC = calion'exchange capacity in meg per 100 g ofsoil.
2EC

= electrical conductivity in mmho/em.

"COLE

2.4
(0.05)
1.0
(0.19)
11.8
(gA2)

4.2
(0.11)
60,8
(6.79)
46.3
(9,07)

1.8
(0.06)
1.0
(0,15)
1.0
(0.35)
6.0
(0.49)
7.3
(0.10)
2.2
(0.05)
0.7
(0.48)

0.3
(0.03)
2.9
(0.19)
1.1
(0.16)
0.9
(0.10)
7.7
(0.50)
7.5
(0.03)
2.2
(0.03)

1.0
(0.10)
0.9
(0.10)
5.5
(0.61)
7.3
(0.06)

1.0
(0.19)

0.4
(0.18)

2.2
(0.06)

0.5
(0.22)

1.6
(0.73)
7.4
(0.50)
7.4
(0.05)
2.2
(0.05)
0.9
(0.20)
14.6
(1.18)

22.6
(1.85)
39.3
(15.38)

51.1
(5.36)

24.2
(8.99)
16.9
(10.27)

29.0
(4.39)
9.0
(3.08)

18.8
(~.31)

,

= coefficient oflinear extenSibility: a = shrinkage, 1 = <3% shrinkage. 2 = 3-6% shrinkage.

be contributed by silt- and clay=size particles.
The large proportion of fine particles is congruous With the prevalence of shales in the
Shnabkaib and adjacent geologic members.
Shrinkage ofsaturated soil pastes upon drying
(coefficient oflinear extensibility) ranged frOin
oto 6%, the higher values suggesting that the
finer materials in some of the soils include
expanding clays.

Biotic Associates
Total living cover on the three sites
sampled ranged from 37 to 59% (Table 2).
Differences between values measured for
tha,t variable at random points and at A.
humilis~entered points are small and probably not signIDca.J:lt. (Total cover values could
not be tested for significance because data for
shrubs Were collected by a method different
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TABLE 2. Percent absolute living cover and percent relative cover contributed by groups ofnonvascular and vascular
plants for general habitats and for habitats at 4. humilis-centered sampling points at two A. humilis sites (Price City
Hills and Red Blufl) and for the general habitat at one gypsiferous site on which an 4. humilis population does not now
exist (Purgatory Flat). Trace amounts are noted "T'.
Price City Hills

Red Bluff

Purgatory Flat

A. humilis
centered

Random
points

A. humilis
centered

(Potential
A. humilis site)

46.7

46.2

37.2

31.2

59.6

(93.7)

(96.0)

(84.0)

(92.1)

(88.1)

70.9
17.4
5.4
T
(6.3)

64.9
28.4
2.7
T
(4.0)
1.6

61.6
19.0
1.1
2.2
(16.0)
1.1

58.0
32.0
2.0
T
(7.9)

65.6
15.7
6.8
1.2
(11.9)
1.9

1.6
2.2
1.4
1.1

0.4
1.4
0.2
0.6

4.3
4.5
5.0
1.0

1.9
4.2
0.9
1.2

3.2
3.5
1.5
1.8

Random
points
~

Absolute living cover (%)
Relative cover (%)
Nonvascular (total)
Lichens
Collema tenax
Psora dicipiens
Other
Moss
Vascular (total)
Grasses and forbs
Shrubs
Atriplex confertifolia
Ephedra torreyana
lf ymenoclea salsola
Other

from that used for nonvascular plants and
forbs.)
Nonvascular plants contributed 84% or
more of the total living cover at all sites
(Table 2). Lichens were the most important
cQmponent ofthe nonvascular plant cover and
total living cover measured. Species composi~
lion and coVer at the three sites Md at both
random and poppy~centeredpoints were sim~
ilar. the lichens, Collerna tenax (Sw.) Ach.
and Psora decipiens (Hedw.) Ho:ffm., were
the most common species at all sites, the former accounting for 58-71% of the lichen
cover, and the latter 16-32%, Grasses and
forbs contribute little to the total cover on
these sites and in two cases Were not encountered in sampling (Table 2). Many species of
grasses and forbs On these sites are annuals
and are present only during a part ofthe year.
Red brome (Brom'Us rubens L.), gn intro~
duced species, is the most common annual on
these sites, through it was not frequently en~
countered in quadrats. It grows in abundance
only at the base of shrubs and is rarely associ~
ated with A. humilis plants.
Shrub densities measured at random points
and at A. humilis-centered points at Price
City Hills and Red Bluff, and at random points
at Purgatory Flat, are reported in Table 3.
Differences among shrub densities were
tested for significance using a least significant
difference method at the i[pha = .05 level

(Steele and Torrie 1960). Analysis was based
on poinMo-pla:[jt dist;mces. Shrub density at
the Purgatory Flat site was not different from
that measured at random points at Red Bluff '
and A. humilis-eentered points at Price City
Hills. Densities measured :from random
points and from A. humilis=centered points
differed significantly at the latter two sites,
though the density at random points at Price
City Hills was not Significantly different from
the density atA. humilis points at Red Bluff:It
thus appears that within each habitat, the
poppy occupies portions of the habitat where
sh.rubs are relatively less dense.
Shrub species composition was similar at all
three sites with the exception of the presence
of bursage (AmbrOSia dumosa [Gray] Payne)
at PUrgatory Flat. This species contributed
15% of shrub individuals at that site. At Price
City Bills, Lepidium jremontii Wats., a suf~
frutescent subshrub, had a rel;ltive density
of 60%, but onlY 5~6% at other sites. While
Lepidi'Um was common on the Price City Hills
site, individual plants were sm!iU (mean area
of '/3 cm2) and contributed less than 5% of
the total living cover. All three sites are dominated by shadsqale and Mormon tea (Ephedra
torreyana Wats.), while adj;lcent areas are
dominated by creosote bush and blackbrush
(Coleogyne ramosissima Torr.) (Rasmussen
and :i3rotherson1986).
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TABLE 3. Total shrub density for the general habitat and for A. humilis-centered sampling detennined with the
point-quarter method at two A. humilis sites (Price City Hillsand Red Blufl) and for the general habitat at one non-A.
humilis site (Purgatory Flat). Relative density for major shrub species is based on the sample taken with the quarter
method. Shrub density differences among sites were tested fOr statistical significance: means followed by the same
'letter in subscript do not differ significantly.
Price City Hills

Red Bluff

Purgatory Flat

Random
p-oints

A. humilis
centered

Random
points

A. humilis

2365<

1286b

1515b

636.

25.0
8.8
5.0

18.9
8.8
3.8

47.5
15.8
28.3

48.8
30.0
11.3

60.0
1.3

66.3
2.5

6.7

5.0
5.0

Total shrub density (no.lha)
Relative density (%)
Ambrosia dumosa
Atriplex confertifolia
Ephedra torreyana
Hymenoclea salsola
Larrea tridentata
Lepidiumfremontii
Lycium andersonii
Psorothamnus fremontii
Stanleya pinnata

DISCUSSION

A. humilis sites studied qre similar with
regard to physical and biological parameters.
All occur on the same geologic member within
an elevational range of750~1050m. Each site
is heterogeneous with regqrd to the soil
parameters measured, but no site appears to
be exceptionally different from all others as
might be predicted, since aU sites are on a
commOn parent material. Species composition of the vascul!IT and nonvascular plant
communities studied was similar for all sites.
All gypsiferous sites Were dominated by shad~
scale and Mormon tea. Creosote bush domin~ted areas immediately adj~cent. Within its
habitat A. humilis was found to occupy areas
that have a lower shrub density relative to the
general habitat. No difference in cryptogamic
plant cover could be detected for areas surrounding A. humilis plants relative to the general habitat.
The Purgatory Flat site does not appear to
differ significantly from A. humilis habitats for
any of the parameters studied. It seems likely
that A. humilis could survivlf and reproduce
on in-place outcrops of the Shnabkaib at this
site. Distance from St. George makes this site
less likely to be threatened by development;
and intensity of ORV traffic, as evidenced by
tracks and trails, is considera,bly less than on
most A. humilis sites. The outcrops of Shnab~
kaib along the north end of the basin lie in a
narroW strip between state highways 9 and 17
and cliffs formed by the Upper Red, making
it possible to protect the site by fencing

centered

(Potential
A. humilis site)

1.7

15.0
45.6
11.3
18.1
0.6
5.0
0.6
2.5
1.3

along two sides only. For purposes of habitat
protection, portions ofthe Purgatory Flat area
should receive status similar to A. humilis
sites.
A. humilis is strictly associated with a
unique and limited habitat, and maintenance
of Viable populations of the species requires
the protection ofthis habitat, much ofwhich is
impacted by cultural disturbances. All of the
sites studied show damage to the habitat, par~
ticularly to the cryptogamic plant cOVer, and
to A. humilis plants directly. Most damage is
related to ORV use. Recent surface mineral
assessment work at two sites has resulted
in the disturbance of soil surfaces and the
destruction of plants. The rapid growth of
St. George and associated new developments
poses inevitable threats. Although critical
habitat was not defined for the species in the
197'9 mandate that gave it protection under
the Endangered Species Act, continuing
habitat degradation over the last 10 years suggests that such designation is appropriate.
If this species is to be preserved, portions of
the habitat must be protected from development and ORV traffic. Establishment of addi~
tional populations on unoccupied outcrops of
suitable habitat should be attempted while
genetic diversity is still available.
ACKNOWLEDGMENTS

This study was funded in part by a grant
from the Utah Native Plant Society. Financial
assistance was also prOVided by the U. S. Bureau

1991]

HABITAT REQUIREMENTS OF DWARF BEAR-CLAW POppy

of Land Management. Figure 2 was provided
by Ralph Gierisch (Rare Plants Consultant,
St. George, Utah) and reprinted with his
permission. W. Kenneth Hamblin (Geology
Department, Brigham Young University)
interpreted the geolog~c associations at the
various A. humilis sites.
LITERATURE CITED
ATWOOD, N. D.1977. The dwarfbear~poppy.Mentzelia3:
6-7.
BROUGH, R. C., D. L. JONES, AND D. J. STEVENS. 1987.
Utah's comprehensive weather almanac. Publisher's Press, Salt Lake City. 517 pp.
CHAPMAN, H. D. 1965. Cation exchange capacity. Pages
899-900 in C. A. Black, ed., Methods ofsoil analysis, part 2. American Society of Agronomy,
Madison, Wisconsin.
COOK, E. F. 1960. Geologic atlas of Utah: Washington
County. Bulletin 70, Utah Geological and Miner~
alogical Survey.
COTTAM, G., AND J. T. CURTIS. 1956. The use of distance
measures in phytosociological sampling. Ecology
37: 451-460.
GREGORY, H. E. 1950. Geology and geography ofthe Zion
Park region, Utah and Arizona. Geological Survey
Professional Paper 2g0.
MEYER, S. E. 1986. The ecology of gypsophile endemism
in the eastern Mojave Desert. Ecology 67:
1303-1313.
NELSON, D. R., AND K. T. HARPER. 1991. Demographic and
seed bank biology of Arctomecon humilis (Papaveraceae), a short~lived perennial herb. In preparation.
NELSON, R. E. 1982. Carbonate and gypsum. Pages
181-197 inC. A. Black, ed., Methods ofsoilanalysis, part 2. 2d ed. American Society ofAgronomy,
Madison, Wisconsin.
RASMUSSEN, L. L., AND J. D. BROTHERSON. 1986. Habitat
relationships of sandsage (Artemisia filifolia) in

r

175

~outhern Utah. Pages 58-66 in E. D. McArthur,
and B. L. Welch, compilers, Proceedings-symposium on the biology of Artemisia and Chrysothamnus. USDA Forest Service General Technical Report INT-200.
RICHARDS, L. A. 1965. Physical condition ofwater in soil.
Pages 134-135 in C. A. Black, ed., Methods ofsoil
analysis, part 1. American Society of Agronomy,
Madison, Wisconsin.
RUZICKA, M. 1958. Anwendung MathematischStatishticher Methoden in Der Geobotanik
(Synthetische Bearbeitung von Aufnahme). Biologia, BratisL 13: 647-661.
SMITH, S. D., S. C. BUNTING, AND M. HIRONAKA. 1987.
Evaluation. of the improvement in sensitivity of
nestecI frequency plots to vegetational change by
summation: Great Basin Naturalist 47: g99-307.
SNEATH, P. H. A., AND R. R. SOKAL. 1973. Numerical taxonomy. W. H. Freeman and Co., San Francisco.
573pp.
U.S. BUREAU OF LAND MANAGEMENT. 1987. Off-road vehicle closure, Utah. Federal Register 52(49): 7941.
USDA SOIL CONSERVATION SERVICE AND USDI BUREAU
OF LAND MANAGEMENT AND NATIONAL PARK SERVICE. 1977. Soil survey of Washington County
area, Utah. Washington, D.C. 140pp.
U.S. FISH AND WILDLIFE SERVICE. 1979. Determination
thatArctomecon humilis is an endangered species.
Federal Register 44(216): 64250-64g52.
~. 1985. Dwarf bear-poppy recovery plan. USFWS
Region 6, Denver, Colorado. iv + 26 pp.
U.S. SALINITY LABORATORY STAFF. 1954. Diagnosis and
improYeme,nt of saline and alkali soils. Agricultural HancIbook No. 60. USDA, Washington,
D.C. 157pp.
WALTER, H. 1973. Vegetation of the earth. SpringerVerlag, Ne';VYork. 237pp.

Received 15 November 1990
Revised 6 March 1991
Accepted 28 March 1991

Great Basin Naturalist 51(2), 1991, pp.176-182

BROMUS INVASIONS ON THE NEVADA TEST SITB: P:RESENT STAtUS

OF B. RvirENS AND 13. TECTOllUM WiTH NOTES
ON THEIR RELATIONSHIP TO DISTURBANCE AND ALTITUDE
Richard Hunter1
ABSTRACT.-Bromus robens and Bromm tectorom are now nearly ubiquitous components of the Nevada Test Site
(NTS) flota. introduced to the western United States in the late :l.800s, they spread through the Mojave andGreatBasin
deserts in the early twentieth century, Since quantitative studies began on the NTS in 1957; Bromus spp. have greatly
increased in frequency and density. By 1988 both species occurred in many places at densities exceeding 1000
individuals per square meter. They may significantly increase flammability of the vegetation and reduce success of
native ephemeral species:
Key wonk: Bromus rubens, Bromtis, tectotum, Nevada Test Site, introduced species, fire .propagation, fire recovery.

In the roughly 150 years ofAmerican settlement of the westem United States approxi~
mately 20 species of 13romus have been introduced (Munz 1968). Of these species, two,
13romus tectorum and B. rubens, have dramatically spread over rangelands. tn the
Great Basin Desert 13. tectornfn has had major
impacts on rangelands and agricultural yields
(e. g., Morrow 1984), and ill pa,rts ofCaiifornia
and the Mojave Desert 13. rubens has come to
dominate the annual plant floras.
The Nevada Test Site (NTS) is a 1350~
square-mile enclaVe straddl:i.ng the boundaries and transition zone between the Mo~
jave and Great :Bas:in deserts (Fig. 1). Eight
13romus species occur on the NTS, six ofthem
introduced (Beatley 1916). :Both B. rubens
and 13. tectorum are now widespread and sig~
nificantly affect the NTS ecology. This paper
is an attempt to document the present status
of these two species and provide information
on the nature of their increase in abl.lndance.
History of 13romus Introductions
13romus rubens

Frenkel (1970) considered 13. rubens to
have been :introduced during tbe Mexican oc~
cupation ofCalifornia between 1825 and 1848,
and S. B. Parish called an 1889 roadside speci~
men from San Bernardino County, California,

"a recent iritroduction" (California Academy
ofSc:ience Herbarium). In the Mojave Desert
it was not seen on an 1891 expedition to Death
Valley (Coville 1893). M. E. Jones first col~
leeted 13. tubens in 1907 at Searchiight, Nevada (Rancho Santa Ana Herbat:ium). Mrs.
F. P. Morris collected it at Mojave, California, ill 1917 (California Academy of Science
Herbarium). V. Duran, in 1933, called it a
"common grass between Mojave and Palmdale along roadsides iind on cleared land"
(Intermountain Herb;:trium, Utah State University). On the eastern edge of the Mojave,
B. Snow collected 13. rubens ill 1931 near
St. George, Utah (University of California,
DaVis Herbarium, Crampton Collection).
Near the NTs, L W. Clokey (1951) collected plants in the Charleston Mountains
from 1937 through 1941. He collected B.
rubens from only one location, at 1550 m
(5085 ft) in a disturbed area of the "juniper
belt." The distribution on that specimen label
was noted as "roadsides and waste places."
O. V. Deming collected specimens of 13.
rnbens on the Desert National Wildl:i.fe Range
(directly east of the NTS) in 1946 (University
of Nevada, Las Vegas Herbarium).
It appears, therefore, that 13. rubens invaded the Mojave Desert during the 1920s,
SPreading first to disturbed areas. It was not
common, however, until after 1950. By 1963

.

lU.S. Department of Energy Basic Environmental Compliance and Monitoring Program (BECAMP), Reynolds Electrical & Engineering Co., Inc.,
Environmental Health Division, Applied Studies Group, Box 98521, Las Vegas, Nevada 89193-8521.
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it was abundant on the NTS at elevations of
1219-1524 meters (4000-5000 feet), though
infrequent in the Larrea tridentata associations below that altitude (Beatley 1966).
13romus tectorum

The spread of 13. tectorum has been de~
scribed by several other authors and occurred
primarily at higher altitudes and latitudes
than that of 13. rubens. It was first recognized
in 1861 (Morrow and Stahlman 1984, citing
Hitchcock 1950). Mack (1981) described the
invasion of 13. tectorum into western North
America, a process that he considered com~
pleted by roughly 1928. Yensen (1981) and
Morrow and Stahlman (1984) also reviewed
this process.
Mojave Desert collections of 13romus tecto~
rum were rare before 1950..Clokey (1951)
cited six collections of 13. tectorum in the
Charleston Mountains during the late 1930s.
F. W. Gould collected it in 1942 as a roadside
weed in St. George; Utah, and P. Dalley
(1943) and O. V. Deming (1946) collected
13. tectorum on the Desert National Wildlife
Range (University of Nevada, Las Vegas
herbarium). Beatley (1966) reported it on
the NTS in disturbed patches above 1524 m
(5000ft).
METHODS

Plots for studies since 1987 were selected
to be representative of either a particular disturbance or an undisturbed area nearby.
Some plots were considered pristine, chosen
specifically for lack of disturbance. 13romus
densities were not considered when selecting
a site. Altitudes of sampled locations were
determined from United States Geological
Survey 7.5-minute topographical maps.
Twenty .025-m2 randomly placed quadrats
within 1000-m2 plots were used to monitor
ephemeral plants (1987-1990). Monitoring
also included harvesting of all annual plants
within each quadrat. New quadrat locations
were selected within approximately the same
1000 m2 every year. Harvested plants were
oven-dried at 66 C for three days, then equilibrated with room air before weighing.
RESULTS

Present Distribution
The distributions ofthe two 13romus species
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with respect to altitude and disturbance are
shown in Table 1. 13. rubens was present at
all but one sampled location (Rainier Mesa.,
2286 m [7500 ftJ). It was present at less than
two plants per square meter at only two loca~
tions, Jackass Flats and Pahute Mesa. The
former was an area ofdeep, sandy soil at 945 m
(3100 ft), near the lowest altitude on the NTS
and the latter was in an established Artemisi~
nova community at 1890 m (6200 ft), above
the normal distribution zone for 13. rubens.
It was therefore essentially ubiquitous on the
NTS below 1524 m (5000 ft). At four locations
sampled in both 1987 and 1988, population
densities increased an average of threefold
(3.38 ± 0.89, sem), indicating both good re~
production in 1987 and good germination iii
1988 (Table 1). The median density in 1988
was 362 ± 84 plants per square meter (±
sem; 19 sites). The highest densities were
found on areas where soils were softened and
shrubs killed by gopher and small mammal
activities, but several undisturbed locations
had densities over 1000/m2 •
The populations of 13. rubens were heavily
infested witll a smut (Ustilago bullata Berkeley) fungus. In 1987 the smut was present on
0-36% of 13romus rubens plants on 5 sites'
in 1988 it ranged from 0% to 43% on 17 sites:
with an average (± sem) of 15 ± 3%. The
smutted plants produced no viable seed. Presumably this disease Significantly reduced
seed production. However, smut was noted
by others in early populations (e.g., A. A.
Beetle 1941, University of California, :Berkeley Herbarium), and it apparently did not
prevent increases in density.
In the early 1980s 13romus tectorum became noticeably common below 1524 m
(5000 ft). In Yucca Flat on some of the ground
zeroes (GZs are areas denuded by nuclear
bomb blasts in the 1950s and early 1960s) it
was seen in apparent near-monoculture
patches surrounded by 13. rubens monocul~
tures. In Mercury townsite (the NTS base
camp) it occurred inthe vicinity of buildings
and roads associated with 13. rubens, while
away from disturbance it was absent. In 1983
in the blast zone surrounding Sedan Crater
which resulted from a peaceful nuclear explo:
sion excavation experiment, 13. rubens was
seen at all 12 sites on which perennials were
measured, and 13. tectorum was also present
at 6 of those sites (Hunter and Romney unpublished observations).
'
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TABLE 1. Densities of Bromus rubens and B. tectorum (nlm2 ± sem) in 1987.(*) and 1988 in relation to disturbance
and altitude (m).
Location

Disturbance

Altitude

B. rubens

B. tectorum

Jackass Flats
Jackass Flats
Frenchman Flat
Frenchman Flat

none
none
gopher
none

950
950
960
975

Frenchman Flat
Frenchman Flat
West Mercury Valley
Rock Valley

none
roadside
gopher
none

1000
1000
1040
1070

Mercury town

none

1150

Mercury town

shrubs removed

1150

none
none
none
ground zero
none
fire-1985
SedanGZ
SedanGZ
none
none
T2GZ
none
fire-1986
none
none

1240
1250
1280
1290
1300
1300
1325
13g5
1325
1400
1400
1463
1463
1900
2300

+*
16 ± 14
g644 ± 716*
48 ± 35*
258 ± 153
34::'; 22
4±3
3550 ± 366
754 ± 298*
2034 ± 632
352 ± Ig0*
446 ± 130
456 ± 192*
1912 ± 476
652 ± 328
1872 ± 556
188 ± 49
1472 ± 356
1803 ± 474*
720 ± 168*
19 ± 11
324 ± 154
142 ± 69
658 ± 344
774 ± 169
362 ± 84
114 ± 37
+
0

0
+
+*
0*
4±4
0
0
0
0*
+
+*
2±2
+*
8±7
+
go ± 11
2±2
1884 ± 396
0
+*
1155 ± 431
2004± 424
2±2
4±4
+
414 ± 152
3916 ± 752
+
0

East Yucca Flat
Southwest Yucca Flat
West Yucca Flat
West Yucca Flat
Southwest Yucca Flat
Southwest Yucca Flat
North Yucca Flat
North Yucca Flat
North Yucca Flat
Northwest Yucca Flat
Northwest Yucca Flat
South Mid-valley
South Mid-valley
PahuteMesa
Rainier Mesa

Btomus tectorum densities in 1981=88 dif~
fered considerably from those of B. rubens.
This species was absent or at densities < 21m2
below 1219 m (4000 ft). Above that altitude it
was present at > 1000/m2 on several burned
and GZ areas. It was not dense on all dis~
turbed sites above 1219 m, however, as seen
on the 1985 fire area and T2 GZ (Table 1).
Its distribution was therefore considerably
patchier than that of B. rubens, and it Was
associated more strongly with disturbance.
Data on plant size from locations where the
two species occurred together show that Bro~
mus tectorum is the larger of the two species
(p < .02; Wilcoxon Signed Rank Test: Ostle
1963) and may therefore have a competitive
advantage (Table 2). The vegetative and seed
characteristics ofthe two species are very similar, and I would expect seed production to be
similarly proportional to plant weight in both.
DISCUSSION

A comparison of these recent data with
those taken earlier demonstrates a significant

TABLE 2. Average weights per plant (mg ± sem) of
B. rubens and B. tectorum when growing at the same
location.
Site

Bromus rubens Bromus tectorum

Disturbed
Mid-valley
Yucca Flat-Sedan
Yucca Flat-Sedan
Yucca Flat-Tl GZ

26 ± 11
23 ± 9
9±2
11 ± 3

33
47
19
17

Pristine
Mid-valley
Yucca Flat-OOla
Yucca Flat-OOlb

11 ± 1
lot ± 2
16 ± 2

20± 2
23 ± 6
38 ± 2

±
±
±
±

7
13
6
4

increase in both frequencies and densities
over the past 30 years. The earliest data taken
in association with the nuclear bomb testing
program were from 1957 to 1959 (Shields and
Rickard, unpublished reports). They reported
cover data, which could not be directly compared to our density data. However; in three
valleys (Yucca Flat, Frenchman Flat, and
Jackass Flats; altitudes 945=1524 m) Shields
and Rickard measured ephemeral plants at 41
plots and found Bromus rubens at only 22 of

- - - - - - - - - - - - - - - - - - - - - _... ~--
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them (54%). In 1987-88 HoundB. rtJ,bens in
those same three valleys at all 21 plots sampled (significantly different by chi square at p
< .001). Similarly, Beatley (1966) reported B.
rubens at 8 of 18 plots in Yucca Flat in 1964,
while I found it at all 11 sampled locations
(significant at p < .01). At the two sites where
a direct comparison was reasonable, Beatley
found 0.0, andO.2B. rubenspersquaremeter
in 1964, while Ifound 1803 ± 474 and 1434 ±
304 per square meter in 1987=-88. At an undisturbed site near the Sedan GZMartin (unpublished) found 0.6 B. rubens per square meter,
while in 1988 at the same location I found
142 =!: 69.
The most complete time series is for a small
area in Rock Valley where records of Beatley,
U.S. Desert Biome/Internatlonal Biological
Program researchers, and qui" studies are
available covering 20 of the :26 years since
1962. Table 3 shows that there was an increase
from fewer than 10 B. tubens!per square me~
ter in the 1960s and early 1970s to thousap.ds
per square meter in the late 1980s. This in~
crease began in 1974, follOwing the excellent
growth year ofl973. Since then, years ofgood
growth have resulted in a stairstep amplification of B. rubens population density. At the
same time the populations of native annuals
fluctuated without any dramatic trends to~
ward increased or decreased density (Table
3). In 1989 and 1990 droughtprevented ger~
mination of ephemeral plant species.
Biomass data from
International Biological Program Desert Biome studies and our
results show trends similar to those on density (Table 4). That is, B. rubens greatly increased in biomass at the sWne time it increased in density, while biomass of native
species was highly variable without demon~
strating any trends. Proportionately, Bromus
biomass increased from approXimately 10% of
ephemeral biomass to 97% between 1972 and
1988.
I
Differences in sampling techniques and
areas sampled, coupled with a naturally high
year-to~yearvariability:i.!1 richness, prevented
any Significant diversity comparisons among
data of Shields, Beatley, lBP/Desert Biome,
and BECAMP studies. However, high B.
rubens densities resulting frorp. irrigation and
fertilization treatments were associated with a
decrease in species richness of p.ative species
(Hunter, in press).

u.s.

TABLE 3. Densities of Bromus rubens (nJm~) and native species measured in several adjacent Rock Valley
plots between 1963 and 197{.
Year
19631
19641
19651
19661
19671
19681
1969 1
1970 1
19711
19721
19733
19742
19752
19762
19834
19844
19854
1986
19875
19885
19895
19905

Bromus rubens
5.0
6.2
2.2
3.2
3.6
7.6
14.0
19.8
0.2
0.0
0.4
lL2
13.2
90.9
89
167
156
754 ± 298
203{ ± 632
O±O
16 ± 16

Natives
10.0
27.6
2.4
69.6
7.0
99.6
109.8
14.0
2.0
3.0
118
101
216
327
108
19
III
100 ±;22
86 ± 33
O±O
O±O

'Beatley, unp~blished
"Turnerl972-1976
"Tutuer and-McBrayer 1974
4R. B. Hunter and K. B. Hunter, unpublished
"nus paper

TABLE 4. Biomasses (g/m 2 ) of Bromus rubens and na_
tive species in :I.'l.ock Vllliey. Data for the 1970s are
from Turner 1972-76, Turner and McBrayer 1974, and
Turner, unpublished.
Year

Brotnus rubens

Natives

19711
19721
19732
19741
19751
i9763

0.10
0.04
1.29
0.83
2.13
3.25

0.54
0.40
78.9
1.50
22.5
12.0

1987
1988
1989
1990

17.0
34.0
0.0
0.0

0.51
0.9
0.0
. 0.0

Bromus tectorum
Beatley (1966) described the status of
B. tectorum as present only above 1524 m
(5000 ft), largely in disturbed areas of
Artemisia tridentata=dominated vegetation.
This constrasts with my data (Table 1), which
demonstrated a Significant presence of B. tectorum throughout Yucca Flat, 1219-1524 m
(4000~5000 ft) in the late 1980s.
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The propensity of the 13romus species to
carry fire has been frequently noted (e.g.,
Stewart @d Hull 1949, Beatley 1966, Yensen
1981). The dead stems and litter persist for a
year or two and serve to carry fire across bare
areas between shrubs and trees. On the NTS
this is true for both B. rubens and 13. tectorum. On the NTS fites burned an estimated
38,000 acres between 1978 and 1987 (R. R.
Gudeman, personal communication), in spite
of active control efforts. The 13romus species
were signi:6.cantly present both in control and
preViously burned areas (Table 1), suggesting
a role both in fire propagation and re<,::overy of
vegetation following fire.
The effects of the 13romus populations on
native ephemerals Were not clear. Table 4
shows no significant downward trend in native
population densities. The native ephemerals
behaved somewhat differently from 13.
rubens, however, Following two very dry
years (1911, 1972), the native species rebounded immediately (1973 Was an unusually
wet spring), while the 13. rubens population
required two years to reach its previous density. The native seeds therefore seemed better adapted than the 13. rilbens seeds to
weather the severest drought, while the 13romus species appeared to reproduce better in
the "normal" years. The driest and least pro~
du<,::tive years of record Were 1989 and 1990,
but the consequences are as yet unlmown.
Some adaptations that give 13romus species
advantages over desert ephemerals include
better seed disperSal adaptations than natives
(see Ellner and Shmida 1981, leVin et al.
1984), a greater response to nitrogen by the
introduced grasses (Hunter, unpublished
data), and a greater Proportion of 13romus
plants inhabiting the fertile soils under shrubs
(SohoH and Irwin 1976, R B. Bunter and
K. B. Hunter, unpublished data). One disadvantage that seemed to .limit 13romus
growth in certain years was the fibrous root
systems of the grasses as opposed to tap roots
ofthe natives~sparse,frequent rains faVOred
Bromus, while deep, infrequent ones favored
species with tap roots. Given these genetic
differences, one might expect the introduced
grasses to find slightly different niches from
the natives and possibly add to the diversity of
the native flora, rather than diminish it. In the
densities occurring in recent years, however,
the environment ofthe desert surface appears
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to this author to be radically cilanged. I sus~
pect that the surface shading by dead 13romu$
stalks, the changed fire frequencies, and the
dense population of the introduced 13romus
species on tHe "fertile islands" under shrubs
will profoundly change the nature and diversity 6fthe native :I:1or a.
the mechanisms ofthe increases in density
@d biomass of the 13rotnus species are not
readily apparent, but they appear to be related to their biological adaptations. they coincided with a series of years wetter than the
1951~1980 average for southern Nevada.,
which occurred from 1973 through 1988
(NOAA 1989). I have considered, but rejected, the hypothesis that the activities of
man were the cause of the ra.pid increase in
13romus densities. Certainly the two species
are well adapted to distlirbance (Table i), and
m@ disturbS a great deal of the landscape.
Nevertheless, :the area disturbed by man on
the NtS is not as great as that disturbed by
burrowing animals and :/:ires. Furthermore,
the range extension for 13. tectorum appeared
to be widespread, and not restricted -to the
Nt'S (Young et al. 1987, Robertson 1987,
Young@d Tipton 1989). Disturbance by man,
natural events,' and animals is almost ubiquitous. Urban centers, grazing, use of off-road
vehicles, and recreational use of public lands
promise to maintain disturbance at high levels
for the foreseeable future. The Nevada Test
Site has been protected from some of those
disturbances (grazing, residential development, and recreation) by the security
requited by the nuclear testing program.
The spread of the Bromus species should
therefore be considered a natural biological
phenomenon.
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SIZE, AGE:, AND DENSITY llliLATIONSHIPS IN
CURLLEAF MAHOGANY (CERCOCARPUS LEDIFOLIUS)
POPULATIONS IN WESTE:RN AND CENTRAL NEVADA.
COMPETITIVE IMPLICATIONS
Brad W. Schultz!, R.

J. Tausch2 , and Paul T. Tueller3

ABSTRACT.-Size-density~age relationships in curlleaf mouhtain mahogany communities were studied in 25 study
plots, each 30 x 30 m, in western and central Nevaqa. The influence of total vegetation cover (site potential) and
relative mahogany cover (mahogany dominance) on the observed size-density"age relationships was investigated.
A positive linear relationship was found between mean mahogany height and mean mahogany age. Apositive nonlinear
relationship was found between mean mahogany crown volume and mean mahogany age. Negative nonlinear
relationships were found between mean mahogany density and mell,n mahogany age, and mean mahogany density and
mean mahogany crown volume. Strong negative relationships were found between the mean combined density of
established seedlings, juvenile, and immature mahogany and mean mahogany age and mean mahogany crown volume.
Including total cover in the regression relationships between size, age, and density never increased the 1'2 value by
more than .05. the addition of relative mahogany cover improved the 1'2 value for the relationship between mean
mahogany density and mean mahogany crown volume by .~8. The strong size-density and age.density relationships
found indicate that intraspecific competition is probably occurring in the communities sampled, and that established
seedlings, juvenile, and immature plants are the first individuals affected. Direct tests are needed to confirm these
relationships.

Key words: curlleafmahogany, size"age-deTlSity relationships, intraspecific competition, population dynamics.

An understanding of the relationships between size, density, and age in a plant popula~
tion is key to understanding the processes of
intraspecific competition and population dy~
namics (Westoby 1977, 1981, Hatper 1977).
These relationships can be studied based on
either the individuals of a species on one site
over time or data from a series of different
sites ofdifferent ages. Because curlleaf moun~
tain mahogany (Cercocarpus ledifolius Nutt.
T & G) is a sloW~growihg, long-lived species,
the latter method was used,
Relationships between popuiation vari~
abIes of size, density, and age can be used as
indicators of a population's dynamics (Harper
1977). One example is the general relation~
ship between average plant size and the density of a species fully occupying a, site. This
size-density relationship has been widely rep~
resented by the allometric equation Y = kpa
(White 1981, Long and Smith 1984, Westoby
1984, and Westoby and Howell 1986) where Y
is mean plant size, P is plants per unit area,

and a and k are constants. When plant populations reach full site occupancy, the maxi~
mUm size-density relationship possible for
that site has been obtained and density reductions occur (Hutchings and Budd 1981).
The size~density relationship has been
broadly applied to many types of plants but
not always consistently (Weller 1987, 1989,
Zeide 1987). There have also been questions
about the statistical validity of the relation~
ship, in particular the possibility of specious
correlation (Weller 1987). It has been shown
in a review of the procedures by Prairie and
Bird (1989) that most of the questions regarding statistical validity have resulted from
misconceptions about the relationship. They
provide criteria supporting these types of
analyses.
Models based on size-density relationships
have been used to provide a base from which
to evaluate the competitive interactions between the individuals in a population (Hutchings and Budd 1981, Long and Smith 1984,

IDepartment of Range. Wildlife and Forestry, University of Nevada, Reno, Reno, Nevada 89512. Present address: Environmental Sciences Department,
EG&G Energy Measurements, Inc., Box 1912, MIS P-03, Las Vegas, Nevada 89125.
2USDA Forest Service, Intennountain Forest and Range Experiment Station, Reno, Nevada, 89512.
3Department ofRange, Wildlife and Forestry, University orNevada, Reno, Reno, Nevada 89512.
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Gaudet and Keddy 1988). Drew and Flewel- J. Boivin) communities. Annual precipitation
ling (1979) have demonstrated the practical averages 36-41 cm and occurs mostly as snow.
application of the use of a size~dellsity model The average frost~free period is 50=80 days.
in the analysis and management of stand den~ Curlleaf mahogany is largely restricted to the
sity in Douglas~:fir (Pseudotsuga rne1lziesij Ticino gravelly fine sandy loam (SCS 1983),
[Mirbel] Franco) plantations. Size-density With an effective rooting depth of51-103 cm.
models have also been successfully used in
Sampling on the Carson Range occurred in
stand growth models (Smith and Ilann 1984, mahogany stands between 1550 and 1890 m.
The miXed conifer zone generally occurs
Lloyd and Harms 1986, Smith 1986).
Most research on plant competition has aboVe 1900"'""2000 m. Individual mahogany
centered on a phenomenological nonpredic~ stands vary in size and tree density as on
tive approach (Gaudet and Keddy 1988). Ad- PeaVine Mountain. Average annual precipitaditional progress requires a predictive ap~ tion is 36=51 cm and occurs mostly as snow
proaQh that allows general :principles to be during the Winter months. The ;lverage frostdeduced that aPply beyond the species ap.d free period is 50-80 days, Soils supporting
conditions ofa particular site or study. Gaudet mountain mahogany are Duckhill stony loam,
and Keddy (1988) have shown that plant bio- Apmat gravelly sandy loam, and the Fr;lval~
mass, piant height, canopy di~eter, canopy HirschdaIe~1rtmbo association (SCS 1983).
area, and leaf shape exPlain most of a plgnt's Effective rooting depth varies from 51 to over
1Mcm.
competitive ability.
Information on intraspecific competition
Mahogany on the Shoshone Range occur
as related to relationships between size, age, as low as 2150 m on north aspects, but large
and density in curlleaf mahogany communi~ stands are rarely present below 2380 m.
ties is noneXistent. The first objective of this Southern aspects have few mahogany st;lllds
study Was to quantify size, age, and density below 2600 m. All other aspects have abun~
relationships in selected cutlleaf mahogany dgnt mahog;lIiy st;lnds between 2450 and
populations. The second objective was to de~ 3050 m. Limber pine (Pinus jlexflis James) is
scribe possible reasons for the obserVed s~e~ a common associate above 2900 m. Stand size
age-density relationships. Explanations for is variable, ranging from less than 1 to over
the often-Ii.oted poor recruitment (ScheIdt 300 ha. Smallest stands occur along rocky
and Tjsdale 197'0) of new indiViduals into ma~ ridge lines, ;lnd largest stands on sloping
ture curlleaf mahogany stands Were also ex- mountain sides and in bowls below the mounplored.
tain crest. Annual precipit;ltion averages
41-51 cm; but unlike western Nevada, heaviest precipit;ltiOn normally occurs early in the
STUDY SITE DESCRIPTIONS
growing season (March=June), and SUmmer
CurUeafmahogany communities were sam- rainfall is slightly more abundant (Hougton et
pled in 25 study plots on lliree mountain al. 1975). The frost~free period is 50-80 days.
ranges in western (Peavine Mountain. 9 plots, Mountain mahogany tends to be restricted to
Carson Rangel 4 plots) and central' (Sho- the Fox mount soil series, specifically Foxshone Range: 12 plots) NeVada during May= mount gr;lvelly loam (Carol Jett, personal
August 1985.
communication). These soils are well drained,
On Peavine Mountain scattered mahogany moderateiy permeable, and have gn effective
occur near 1890 m on west,. east, and north rooting depth of51=103 cm.
aspects but dominate stands only above 1980
Average understory cover in each study
m. Mahogany stands on south-facing slopes area is almost identical (14=15%) (Schultz
are found above 2260 m. IndiVidual stands et aI. 1990). Average vegetative cover on the
vary in size from 1 to oVer 300 ha. Smaller Shoshone Range (98%) is substantially greater
stands are most common along rocky ridges than on Peavihe Mountain (70%) and the Carand as islands within low sagebrush (Arte~ son Range (68%) (Schultz et al. 1990). A simimisia atbuscula Nutt.) communities. Large lar relationship for average clirlleaf mahogapy
stands occur on hillsides and are COmmonly cover is also present: Shoshone Range 79%,
surrounded by mountain big sagebrush Peavine MOUntain 56%, and Carson Range
(Artemisia tridentata var. viJseyana [Rydb.] 54% (Schultz et al. 1990).
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TABLE 1. Mountain mahogany maturity classes developed from a reconnaissance of mahogany stands near
Reno, Nevada.

1. Established
seedling
2. Juvenile

3. Immature

5. MatUre

6. Overinature

young plants; 2-7 mm basal diameter; smooth bark; plants may be up
to 30 cm in height
young plants greater than '7 mm
basal diameter; smooth bark; plants
to 60cm tall
young plants greater than 1.25 cm
basal diameter; smooth bark; plants
to 1.5 m tall
cracked bark; 1.5~3.0 In tall; crowD.
broadened; may be multistemmed
from base; not suppressed
cracked bark; wide full crown;
few dead branches; may have several stems from base; may be suppressed; greater than 3 m tall
cracked bark; may be multistemmed; numerous dead
branches; may be greater than
3 m tall; frequently suppressed

METHODS

Field Sampling
An initial field reconnaissance near Reno,
Nevada, indicated that mahogany stands are
composed of individuals categorized into six
maturity classes: established seedling, juvenile, immature, young-mature, marure, and
overmature (decadent) (Table 1).
Sampling occurred in 30 X 30-m srudy
plots, each having at least one yotlllg~mature
indiVidual and placed as close to a cardinal
aspect as permitted by access and mahogany
distribution. Ecotones with adjacent plant
communities were avoided. Upper, middle,
and lower portions ofthe mahogany belt were
sampled when the elevation range exceeded
500m.
MahogailY density and maturity class distribution Were recorded in each study plot
(density/900 m 2). All mahogany plants, except
established seedlings, were measured to obtam crown diameters (the two longest perpen~
dicular diameters) and height. Established
seedlings had only crOwn measurements re~
corded on plants selected for growth ring
analyses.
Crown measUrements were used to calcu~
late mahogany cover (%) and mahogany crown
volume (m3) (LudWig et al. 1975, Tausch
1980). All measurements were of the green
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leaf portion of the canopy and Were made to
the nearest decimeter (dm).
Four randomly selected individuals from
each maturity class present in each study
plot were cut to estimate plant age. Relative
growth rates (RCR), using growth ring widths
(Davis et al. 19'12, Brotherson et al. 1980),
were also determined on each cross section.
If a maturity class had less than four individuals present, all plants were cut for age and
gro~ ring analysis. Cross sections were cut
as close to the ground as possible, and from
the largest living stem.
.
Understory vegetation within each study
plot was sampled in three randomly located
30;m belt traIlsects (Schultz et al. 1990).
Cover was occularly estimated in 15 shrub
quadrats (1 X 2 m) and 30 grass and forb
quadrats (20 X 50 cm). Crown Cover (%) was
estimated for shrub and forb species, and
basal area (%) for grasses. The density of cUr~
rent;year mahogany seedlings (density/m2)
was also recorded in each 1 X 2~IIi quadrat.
Current-year seedlings usually had 4~8leaves
and Were less than 2.5 cm tall.
Data Analysis
Crown diameter, crown height, and crown
area (m 2) Were computed for each tree measured. Total crown area and total crown cover
(%) values were calculated for each maturity
class and study plot by SUmming the area
occupied by individual plants. Average values
Were determined on each study area.
. Relative mahogany cover (mahogany cover
divided by total study plot cover) was calculated for each srudy plot and study area.
Crown volume (m 3 ) Was computed for each
mahogany plant using the formula fot one-half
of an ellipsoid (Tausch 1980). Total and mean
values for each maturity class, study plot, and
study area were calculated.
Mahogany density (density/900 m 2 ) was
determined for each study area. Growth ring
COlints and measurements from the mahogany
subsample were made along two sanded radii
on each cross sectiOn. Growth rings were
identified by a single roW of relatively large
vessels in the springwood (Schultz et al.
1990). Modifications of a technique using
acetic acid and zinc oxide (Parker et aL 1976)
Were used to enhance the contrast between
early~ and latewood in each annual ring. Time
and funding constraints did not allow us to
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determine whether false rings were present.
Reference chronologies were not available
for cross dating.
Yearly growth increments were measured
to the nearest 0.01 mm for the 10 years before
harvest using a Craighead~ Douglas dendrochronograph and a binocular microscope. Age
and ring width data from the two radii were
averaged to determine a mean value for each
cross section. .Age data were considered reliable when values from the ri,tdii were within
5% of each other. Ring width data were used
to calculate the mean stem area increment
([MSAI] [cm2/10 years]) of each cross section
(Schultz et al. 1990). Mean age, ring width,
and MSAI values were summarized for each
maturity class in each study area. Estimated
mean age values for all maturity classes were
based on the subsampled trees. Mean study
plot age values were calculated by weighting
the mean value of each maturity class by its
density, summing, and dividing by total plot
density. Study plot means were averaged for
mean study area values. Relationships between age and size were not COmputed for the
individual mahogany in each study plot be~
cause ofthe subsampled age data.
Age is an important predictor of a plant's
fate only insofar as it affects plant size
(Westoby and Howell 1986). Size is consid~
ered the primary determinant of survival
(Westoby and Howell 1986). Each ofthe areas
we sampled had mahog3;ny stands composed
ofindividuals ofvarious size and age. To focus
the analyses on the full range ofvariation sam ~
pled, we pooled data from all three sites.
All analyses of size, age, and density were
first done using linear regression techniques.
The residuals from these analyses were used
to determine which were nortlinear. Nonlinear relationships were then analyzed llsing
an iterative nonlinear regression technique to
fit the data to the equation Y = aXb (Caceci
@d Cacheris 1984), where Y is mountain mahogany density Or size, X is mean mahogany
age or mean mahogany crown volume, and a
and b are constants. This avoided the problems associated with logarithmic transformation of the data for analysis (Payendeh 1981,
Brand and Smith 1985).
Following the completion of simple linear
and nonlinear regression analyses, multiple
linear (Y = a + bX + cZ) ana nonlinear (Y =
aXbzc) analyses were performed. Values for
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Fig. 1. Major landfonns and vegetative communities
on the NTS as detennined by Beatley (O'Farrell 1976).

total vegetation cover and relative mahogany
cover were used for Z in these analyses. These
analyses provide an indication of how site potential (total plant cover) and dominance by
mahogany (relative mahogany cover) in the
sampled plots affected the size-age-density
relationships obserVed. Methods for independent site potential estimates needed for direct
tests of these relationships are not available
for mahogany woodlands. Values for total veg~
etation cover, relative mahogany cover, and
nonmahogany cover are from Schultz et al.
(1990). The r 2 values for nonlinear analyses
were computed according to the methods of
Brand and Smith (1985). This r 2 has the same
interpretation (% of variation in Y explained
by variation in X) as for linear regression.
The significance level is P < .05 or greater
for all linear regression analyses. Significance
levels are not directly available for nonlinear
regression. Significance levels for the equivalent analyses using logarithmically transformed data Were P < .05 or better.
RESULTS

Size-Age-Density Relationships
The relationship between average mahog~
any height and average mahogany age Was the
only one found to be linear (Fig. 1). The older
the average age of the mahogany in a stand,
the greater the average height. Including total
cover in a multiple linear regression improved
the results,
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Fig. 2. Nonlinear relationship between average curlleaf mahogany crown volume (m3) and average curlleaf mahoganyage (years) for three sites in Nevada.

Y = 2.71 + 0.0449X
+ 0.121Z, r 2 = .86, P < .001

(1)

where Y is average mahogany height (dm),
X is average mahogany age (years), and Z is
the total vegetal cover (%) of the plots. The
contribution of Z was significant (P < .05).
Sites with higher total plant cover (%) tended
to have taller mahogany for a given age than
sites with lower total vegetal cover. This
seems consistent with total cover representing site potential.
Average mahogany crown volume increased with average mahogany age (Fig. 2).
Including total plant cover or relative mahogany cover for Z in a multiple nonlinear
regression analysis increased the r 2 by less
than.Ol over that in Figure 2. The increase in
mahogany crown volume with increasing
stand age did not appear to be affected by
either total plant cover or level of mahogany
dominance in the sampled plots.
Average mahogany density had a strong
nonlinear relationship with average mahog-

any age (Fig. 3). Including total plant cover or
relative mahogany cover for Z in a multiple
nonlinear regression analysis increased the r~
by less than .01 over that in Figure 3. The
decrease in mahogany density with increasing
stand age for the sampled stands was indepen~
dent of both total plant cover and mahogany
dominance.
Mahogany density was highest in study
plots that had an average age ofless than 150
years, but it was substantially lower in study
plots that had an average age of 250~300
years. Study plots with a mean age beyond
300 years had similar densities.
The density of established seedling; juve~
nile, and immature maturity classes had a similar, but steeper, negative relationship to aVerage mahogany age as in Figure 3,
Y = 103428X-1.486, r 2 = .81

(2)

where Y is the density of established seedling, juvenile, and immature mahogany (density/900m2), and X is average mahogany age
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(years). The addition of total plant cover (Z)
to the relationship in Equation 2 had the
g
greatest itnprovement on r , but the improve~
ment was less than .02.
Mahogany density had an inverse nonlinear
relationship with average m.ahogany. crown
volume (Fig. 4). Including relative mahogany
cover for Z in a multiple nonlinear analysis
4nproved the relationship, .

Y = 0.0213X-1.48Z3.o5\rg = .88

(3)

where Yis mahogany density (density/900m2),
X is average curlleaf mahogMY crown volume
(m3) , and Z is relative mahogany cover (%).
For the same density, sites With higher mahogany dominance (relative mahogany cover)
had larger plants than sites With lower ma~
hogany dominance. The indication is that
there may be a relationship between site potential and the ability of a given density of
mahogany to dominate a site. The better the
site, the larger the individual plants can be-

Y = 505X-1.l5• r 2 = .78

(4)

where Y is the density of reproduction, juve.
.
2
nile, and 4nmature mahogany (#/900m),
and X is average mahogany crown volume
(m3). The addition of either mahogany or non~
mahogany cover did not improve the relationship. The negative effect oflarge mahogany on
mahog;:tny seedlings appears generally inde~
pendent of the relative levels of mahoganY
and nonmahogany cover. However, the addi~
tion oftotal plant cover (%) for Z improved the
relationship:

Y = 0.51OX-1.27Z1.69, r 2 = .83.

(5)

For stands with the same mean mahogany
crown volume, the density of young mahogany tended to be slightly higher on plots
With higher total cover. This may be a reflec~
tion ofbetter site conditions somewhat offsettingthe suppression ofthe younger mahogany
by the dominant individuals. This possibility
needs additional study.
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tup.e measurements can be substituted for
biomass, since studies have shown that volStrop.g size, age, ap.d density relationships lIme and biomass are isometrically related
were presep.t in the moup.tain mahogany COm~ (White 1981). Figure 4 indicates that average
munities sampled (Figs. 1~4). Stands op. curlleaf mahoga,ny Crown volume, hence bioPeavine Mouptain, the Carson Range, and mass, has a strong negative relationship with
the Shoshone Range appeared to follow the stand density. Average stand age, in itself, has
same general trend. RelativelY early in stand no influence on a stand's population dynamdevelopment (mean mahogany age less than ics. As stands age, however, physical dimen250-300 years) increases in mahogany size are sions, such as average crown volume, average
accompanied by sharp decMes in stand den; biomass, and average crOwn diaJlleter, insity. the change in the slope ofthe regression crease; and these physical attributes undoubtline that occurred beyop.d an average ma- edly influence competitive interactions.
hogany age of 250-300 years coincides with
The inverse relationship of mahogany den~
mahogany communities dominated by large, sity and average mahogany crown volume
ma~re individuals (Schultz et al. 1990).
(Fig. 4) was improved substantially by includthese sites were mostly in the Shoshone ing relative mahoganY cover (mahogany domiRange. After mean mahogany age exceeded nance) in. the analysis (Eq. 3). This situation is
300 years, mahogany density continued to de~ similar to data reported by Gaudet and Keddy
cline with increasing stand age, but the :rate of (1988). In their work plant height, canopy
decline was reduced.
diameter, and canopy area further explained a
As mahogany stands increase in average plant's competitive ability beyond biomass
age, average canopy volume and height of alone.
the individu~s present increase (Figs, 1, 2,
A reduction of growth rates in individual
Schultz et al. 1990). As average canopy height plants relative to their potential can be an
and volume increase, stand dep.sity declines indication of plant competition (Long and
(Fig. 4, Eq. 3). This increase in plant size, Smith 1984). Relative growth rates, as repretogether With a concomitant decrease in plant sented by average ring width (mm), and mean
density with age, reflects the size~density stem area increment [(MSAI) (cm2/10 yr)]
relationships reported for many plant populw for each study plot for the last 10 years are
tions (Harper 1977).
reported in Schultz et al. (1990). Mountain
Eventually, increases in individual plant mahogany stands on Peavine Mountain had
size cause interference between individual the greatest RGR, as represented by average
plants and competition for essential resources ring width and MSAI, Ifring width and MSAI
(Hutcbmgs and Budd 1981). As growth con- values on Peavine Mountain. are assumed
tinues, a point is eventually reached ,,:,here to be the maximum potential growth rates
the habitat can support no additional biOmass. obtainable by curlleaf mahogany, then the
Further growth can occur only when mortal~ RGRs in the Ca,i-son and Shoshone ranges are
ity occurS among existing plants. the strong substantially reduced relative to the species'
size-density and age;density relationships potential. This occurred despite similar soils
present in Figure 4 and Equation 2, respec- and climate.
tively, indicate that competition is probably
Previous work (Schultz et al. 1990) found
occurring in the mountain mahogany commu~ that mean mahogany size and total mahogany
nities sampled. Total stand density declines crown volume ~e signi£i.cantly (P ::::; .05) less
sharply as mean pl311t size increases, The den; on Peavine Mountain than on the Carson and
sity of the youngest individuals also declines, Shoshone ranges. Because larger individuals
but more rapidly, as average mahogap.y age have a competitive influence conSiderably be~
mcreases.
yond what is proportional to their size (Bella
Gaudet and Keddy (1988) have shown that 1971), it is likely that intraspecific competition
plant biomass explains a substantial part of a is greatest in Carson and Shoshone ranges.
Since mahogl:}ny size is a function of stand
plant's cOmpetitive ability. Plant height,
canopy diameter, canopy area, and leaf shape age (Figs. 1, 2), we interpret the greater
expl3.in most of the residual variation. Bio; steepness of the regression lines in Equations
mass was p.ot measured in this study, but vol~ 2 and 5 compared with Figure 3 to imply that
DlSCUSSION
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established seedling, juvenile, and immature
mahoganY are the first individuals in a stand
affected by increasing mahogany siZe and,
therefore, intraspecific conipetition.. If in~
traspecific competition affected individuals of
all sizes equally, the slope of the regression
lines for all three analyses would be similar.
Other research (Bella 1971, Weiner 1984,
Grace 1985) has shown that the youngest and
smallest individuals present in a population
are the plants most affected by intraspecific
competition. Schultz et al. (1990) found that
Peavine Mountain has a population structllre
in which 62% of the plants present were from
the established seedling, juveJJ.ile, and immature maturity classes. In contrast, the Carson
and Shoshone ranges, respectively, had 9 and
18% oftheir population sttuctllre composed of
individuals from these maturity classes. Mean
mahogany crown volume on Peavine Moun;
tain was 3.4 and 6.8 t:IJ:nes smaller than on the
Carson and Shoshone ranges, respectively.
As mean mahogany si~e continues to increase, few, if any, established seedling, juvenile, and immatllre mahogany are left. This
situation is similar to other studies that
have noted poor Or absent reproduction as
an indicator of competition (Long and Turner
1975, Oliver 1981).
the often-noted poor recruitment of new
mahogany into mature stands can probably
be explained, to some degree, by the size~
density relationships observed. Data On estimated population growth rates (Schultt et al.
1990) show that mahogany communities With
large average crown volumes (Shoshone and
Carson ranges) have had slow population
growth rates since the oldest individuals
were established 500 or more years ago.
Where average crown volume is relatively
small (Peavine Mountain), ~stablished seed~
ling, juvenile,. and immatllte mahogany are
abundant, and the population size has increased steadily since the oldest individuals
became established.
Mahogany commumties With small average Crown volumes have comparatively lower
mahogany cover (Schllltz et al. 1990). Low
mahogany cover increases the incidence of
canopy gaps, which appear to be essential
for the recruitment of young mahogany into
the population (Schultz et al. 1990). Canopy
closure has been found to indicate competi~
tion is occurring (Assman 1970). Mahogany
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cover in the Shoshone Range averaged 79%,
but it approached or exceeded 100% in almost
half the study plots sampled. In study plots
With less than 100% mahogany cover the spatial structure of the community is such that
mahogany thickets With cover greater than
100% are common (personal observation).
The Carson Range has a similar strllctural
appearance.
Low densities ofestablished seedling, juvenile, and immature mahogany can also be due
to a lack of viable seed, poor seedling establishment, or poor recruitment of established
seedlings into successively older maturity
classes. Lack of viable seed did not appear to
be a problem, since the Shoshone Range had a
current;year seedling density of 2.0/m2 • Per~
sonal observation indicates that stands With
high mahoganY cover and large average Crown
volumes have deep and persistent litter
cover. Deep plant litter probably limits mahogany seedling survival and establishment
(Schultz et al. 1990). Seedlings rooted in deep
litter frequently do not have their roots estab~
lished in mineral soil, and as soon as the litter
material dries out the seedlings become dessicated and die (personal observation). Marquis
et al. (1964) and Keever (1973) have observed
that the establishment of relatively smallseeded species is adversely affected by con~
tinuous litter cover.
I

CONCLUSIONS

Curileaf mountain mahogany stands composed oflarge, mature individuals have lower
total stand densities and lower densities of
established seedling, juvenile, and immature
mahogany. Over time intraspecific competition apparently Occurs and probabiy intensifies as a result of increasing plant size. Intraspecific competition reduces the growth rates
of all maturity classes below the potential
growth rates for the species. Competition also
appears to increase mortality in the smallest
individuals present. This explains the oftennoted poor recruitment (ScheIdt and Tisdale
1910) of new individuals into mature mahogany stands. Increased mortality in the smallest and youngest individuals results in a matlltity class structure dominated by relatively
few, but very large, mature individuals. The
plentiful establishment of young mahogany is
probably not possible unless stands composed
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of large, mature trees have their canopies
opened up, and intraspecific competition is
reduced.
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FIELD ACETYLENE REbUCT10N RATES OF LUPINUS ARGENTEUS
. ALONG AN ELEVATIONAL GRADIENT1 . _.
M. O. Rumbaugh2and D. A. Johnson2

ABSTRACf.-The effects of elevation and environmental p~ameters associated with elevation on the dinittogen
fixation rates, N2[C2H z], ofa North Nneiican lupine species were evaluated. Lupinus argenteus Pursh. pl(lilts growing
at five elevations on Francis Peak, Utah, were sampled weekly thtol!ghout the growing season. The highest elevation
site had the greatest frequency of nodulated plants. Influence of the environmental and physiological variables on
fixation activity varied with elevation and the mean time of sampling. Soil moisture, nodule dry weight, and air
temperature were important. Less than one-half of the observed variation in fixation rates, N2[C2H 2], was accounted
for by variation in the associated independent variables. Nevettheless this study documented that nodulated plants of
L. argenteus were capabie ofactiveiy fixing nitrogen at a range ofelevations on Francis Peak.
Key wonh>: ecology, ecophysiology, legume, nitrogenfixation, nodulation, rangeland, Rhizobium lupini.

Species of Lupjnus are fpund from timber~
line to seacoast iil much ofthe western United
States (Phillips "1955). their importance iil
the nitrogen economy of range ecosystems
has not been extensiVely iilvestigated. Native
legumes are believed to supply biologically
fixed mtrogen to the semiarid rangeland plant
communities in which they ocCUr, but their
role has not been well documented (Fams~
worth et al. 1978). Johnson and Rumbaugh
(1981) studied the acetyleM reduction ra,tes,
N 2[C 2H 2], of nodules of 34 legume species
growlng .on mountain grassland sites, big
sagebmsh-dOIniilated sites; and cultivated
former big sagebrush sites iil northern Utah.
Nodules were present and a,ctive iil some spe~
cies even during the driest part ofthe growing
season. However, 13 of the 17 species of
lupines native to North Allerica tha,t were
growing iil a cultivated nursery environment
were not nodulated even though the seeds
had been iiloculated with a COmmercial peat.
base iiloculum.
Pegtel (1980) investigated tupinus laxi~
floms Dougl., L. lepidus Lrn.eIl., and L. polyphyllits Liildl. on undisturbed sites With serpentine and nonserpentine soils on Mt. Stuart
iil the Wenatchee Mountains of Washington.
All root systems ha,d nodules, and serpentine
and nonserpentine populations haeI the same

number ofnodules per plant. AeIditionallabo~
ratory resea;-ch showed that the wild strains
of Rhir,obium lupini all fixed atmospheric nitrogen but that their effectiveness was variable and generally lower than commerCially
aVailable strains. L. polyphyllus had a higher
effectivity ofnodulation than L. argenteus and
L. lencophyllus in a greenhouse study (Walsh
et al. 1983).
McNabb and Geist (1979) measured nitro~
gen fixa,tion rates rangiilg from 1 to 10 kg Nlha
for four perennial Litpinus species native to
the Pacific Northwest. There was a significant
seasonal variation iil nodule biomass of two of
the species. The potential for iupine nitrogen
fixatiOn was believed to be dependent primarily on nodule biomass. Similarly, whole plant
estimates of nitrogen fixation by high-altitude
legumes iil Montana and Utah were 5 to 15
times greater for L. argenteus than for native
Astragalu,s and Trifolium species (J ohmon
and Rumbaugh 1986). The difference was
ascribed to the greater nodule mass of the
lupine.
The objective of this study was to assess
the effects of changes iil elevation and environmental parameters associated with elevation on nitrogen fixa.tion rates of a native
lupine species growing on a semiarid moUntain rangeland iil the intermountain region of
the western United States.

lCooperative investigations ofthe USDA~Agricnltural Research Service and the Utah Agricultural Experiment Station, Logan, Utah 84322. Approved as
Journal Paper No. 4105.
2USDA,-Agricultural Research Service, Forage and Range Research Laboratory, Utah State University, Logan, Utah 84322-6300.
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ACETYLENE REDUCTION RATES OF LUPINUS ARCENTEUS
SITE DESCillPTIONS AND METHODS

The five study sites were located on west or
northwest aspects of Francis Peak in th~
Wasatch Range of north central Utah. All
were within or adjacent to the Davis CotU!.ty
Experimental Watershed~ which was estab~
lished in 1930 as a United States Forest Service-administered research area. The climate
and vegetation of the watershed is generally
representative of a large part of the low~ to
mid-elevation (1500 to 2800 m) mountain
country in the intermountain area. Summers
are short, cool, and dry. Most SUmmer storms
are convective thundershowers ofless than six
hours duration (Farmer and Fletcher 1971).
The highest average annual precipitation of
1043 mm occurs on the upper part of the
watershed. Soil moisture depletion begins
immediately after snowmelt and continues to
increase at a rapid rate into July Gohnston and
Doty 1972). Lupines are most common on
Cryoboroll soils with slopes of8 to 30%. Associated species include Agropyron cristatum
(L.) Gaertn.; Artemisia tridentata Nutt.; 13ro~
mus carinatus H. & A., Carex sp., Chrysothamnus nauseosus (PalL) Britt., Madia glomer(:lta Hook., and Symphoricarpos sp.
Study sites with adequate numbers of
L. argenteus plants for s;nnpling throughout
the growing seasOn were selected at five elevations. These populations were located at
mean elevations of 1478; 2027; 2256; 24$4;
and 2713 ~ .. Vegetation along the elevational
gradient varied from a desert shrub association near the base of the mountain to a sub~
alpine meadow atthe lllghest site. One to five
representative plants were chosen at appro~
ma.tely weekly intervals at ea.ch eleva.tion
throughout the growing season. Sampling bega.n on 4 Jl!Ile 1980 at the lowest elevation and
was terminated on 21 October 1980 at the
highest elevation.
Leafwater potential was measured on each
plant by standard pressure chamber techniques (Scholander et al. 1965), the shoot was
cut at the soil level for dry biomass weight,
and the root system was excavated. Excised
root segments with attached nodules were
used for the acetylene reduction procedures.
The techniques described by Waughman
(1971) and used by Westermann and Kolar
(1978) and Johnson and Rumbaugh (1981)
were followed with the exception of limiting
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the incubation period to one hour. The hour of
sampling Was recorded as well as the numerical day of the calendar year. S;nnpling was
limited to the hours between 10,00 a.m. and
4,00 p.m. each day. Care was exercised to
shield exposed nodules and incubation chambers from direct sunlight. Air temperature
was measured With a mercury thermometer
and soil temperature with a bimetallic dial
thermometer with a lO~cm probe. Soil samples for moisture determinations were collected from 0-20 cm and 20=40 cm depths.
RESULTS AND DISCUSSION

Air and soil temperatures tended to be
lower at the higher sites along the gradient
(Table 1). SoU mOisture throughout the depth
of the profile tested Was higher at the 2713-m
site than at the four lower elevations. The
1478~m area was situated on a west-faCing
slope, and soUs at this site were deeper than at
the other locations. The lupine. plants had
large, woody tap roots, and nodules were located only on lateral roots. The study area at
2027 m sloped sharply toward the south and
was shaded a considerable part of the day by
the mountain peale This location also was the
oniy one ofthe five sites with trees that shaded
the lupine plants. These shading factors probably resulted inl the soil temperatQres being
lower than for sites immediately higher and
lower on the mountain side. The 2256~m ele:vation appeared to be the most xeric of all the
study areas. Lupines were growing intermixed with a dense popwation of Artemisia
tridentata. The soils at the 2454- and 2713~m
elevation sites were shallow and rocky. L.
argenteus grew in almost pure stands with
only a few plants of other forbs as associated
species. Plants at the highest site were more
unifoPn in size than at lower elevations, they
had less=extensive root systems, and it was
easier to find nodules than at the other four
stQdyareas.
Plants at the extreme elevations were
smaller than those at intermediate elevations
(Table 1). Shoot weight was more closely associated with soil moisture than with mean temperatures. The simple correlation of aboveground plant weight with soil moisture in
the 20=40 cm ZOne was r = -.27 (P < .01).
All other coefficients were of lower magnitude. Shoot weight was positively associated
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TABLE 1. Environmental and physiological variables measured at five sites on Francis Peak, Utah, during 1980.
Acetylene reduction activity, N2 [C2 H 2], of nodulated Lupinus argenteus plants is expressed as fJ. moles of ethylene/hlg
nodule fresh weight.

Site elevation (m)

Variable
mean

L.S.D.
(0.05)

gg56

2454

g713

62

21

44

U
20.9
15.1
47
93

81
32
18.8
17.5
16
84

76
97
13.6
10.7
105
125

53
17.8
13.8
87
101

lOA
9.8

l1.g
16.8

12.2
13.1

9.1
8.7

9.7
11.4

1.8
2.0

17.0
15.0

25.7
50.7

4.5
41.8

9.8
16.8

9.5
12.9

13.5
g7.2

12.5
2004

57.2
22.3
0.04
157
ILl

4504
64.2
1.21
167
13.3

4.7
6504
0.10
170
11.2

14.3
0.10
213
13.6

6.5
19.6
0043
230
1104

23.6
38.6
0042
202
12.0

41.6
28.5
N.S,
18.7
0.6

804

404

6.6

2.7

1104

2027

Variable

1478

Number ofplants (N)
Frequency ofnodulated plants (%)
Air temperature (C)
Soil temperature (C)
Soil moisture 0-20 cm (glkg)
Soil moisture 20-40 cm (glkg)
Leafwater potential (- MPa)
Nodulated plants
Nonnodulated plants
Shoot weight (g)
Nodulated plants
Nonnodulated plants
Root weight (g)
Nodulated plants
Nonnodulated plants
Nodule weight (g1plant)
Day ofyear
Hour
N2 [C2 H 2 ] activity
(fJ.moles/h)

67
45
2204
17.7
70
74

22.5
13.8
63
70

8.3
8.2

~6A

-

8.2

3.0
2.3
g4

26

4.3

Difference between means required for statistical significance (P < .05).
NS = not significant.

with air and soil temperatures, leaf water po~ plants for which nodules were easily found.
tential, day ofyear, and root weight, butnega; Pegtel (1980) observed that all root systems of
tively related to the other variables.
L. laxiflorus, L. lepidus, and L. polyphyllus
Plants for which nodules could not be found had functioning nodules. Although roots Were
weighed more than those with nodules. Aver~ excavated to as deep as 100 cm in the present
age shoot weight of the 145 plants without study and the roots carefully examined, nod;
nodules was 27.2 g in contrast to 13.5 g for the ules might have been overlooked or the exca"
162 nodulated plants. This was probably a vation might not have been deep or extensive
function ofplant age. Young, actively growing enough to expose all nodules. Rocky soil implants of L. argenteus were better nodulated peded the digging of some plants, especially
than more mature plants. Nodulated plants at the 2454;m study area. Holter (1978) was
averaged 45, 44, 24, 32, and 91% at the five of the opinion that determination of root biosites along the gradient, with the highest ele- mass and number of nodules was impractical
vation having the greatest proportion ofplants in the field. He believed that acetylene reducwith nodules. Differences in shoot weight of tion rates related to these quantities would
nonnodulated and nodulated plants at the not be useful and that rates should be exhighest and lowest elevations were not statisM pressed on a per plant, per shoot, Or per gram
tically Significant (P > .05), whereas differ- ofaboveground biomass basis.
ences between the means for the three interDinitrogen fixation rates of other native
mediate elevation sites were significant (P < perennial lupine species were lower for older
.05). Nodules of L. argenteus are perennial, plants and plants groWing on droughty sites
and nodule number was assumed to be rela- than for younger plants and plants groWing
tively stable throughout the duration of the on more favorable sites (McNabb and Geist
study.
1979). Acetylene reduction activity for L. arDifferences in root biomass also were genteus on Francis Peak was much greater
noted, but these could have been caused by for plants at the 2713~m elevation than at the
incomplete excavation of the root systems of four lower sites. The rate of 11.4 IJ. moles of
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TABLE 2. Simple correlations (r) of environmental and physiological variables with acetylenereCluction mtes,
N2[C2 H 2 ], ofnodulated Lupinus argenteus plants. Rates are expressed as J.L moles ofethylene/hlg nodule fresh weight.
Study sites

Correlated
variable

All
0.06
-0.04
-0.10
0.16*
0.20*
-0.18*
0.05
-0.03
0.10
0.00
-0.28**

Elevation (m)
Air temperature (C)
Soil temperature (C)
Soil moisture 0-20 em (glkg)
Soil moisture 20-40 em (glkg)
Leafwater potential (- MPa)
Shoot weight (g)
Root weight (g)
Nodule weight (g)
Day
Hour

Early group

Late group

0.15
-0.08 i
-0.15 :
Q.gl*
0.20*
-0.:1.4,
0.03
-0.01
-0.04
-0.18
-0.01 i

-0.15
0.49**
0.36**
-0.31*
-0.28*
0.08
0.30*
-0.04
0.38**
-0.13
-0.04

*P<.05.
**p< .01.

TABLE 3. Rank of importance of independent variables, standardized IIlultiple regression coefficients (Beta), and
multiple correlation coefficients (R) from the stepwise multiple regression analysis of acetylene reduction rates,
N2 [C2 H 2 ], ofnodulated Lupinus argenteus plants. Rates are expressed as fJ. moles ofethylene/hlgnodule fresh weight.
Study area grouping
Independent
variable
Elevation (m)
Air temperature (C)
Soil temperature (C)
Soil moisture 0-20 cm (glkg)
Soil moisture 20-40 cm (glkg)
Leafwater potential (- MPa)
Shoot weight (g)
Root weight (g)
Nodule weight (g)
Day
Hour
R

All

Early

Rank

Beta

:Rank

6
7
11
8
2
5
4
10
3
9
1

0.12
0.15
0.01
-0.08
0.23
-0.17
0.09
0.01
0.13
0.06
-0.22

5
9
3
1
10
11

.38

ethylene per hour per g offresh nodule weight
at the 2713-m elevation was 52% greater than
the average rate of the 88 plants from the
lower elevations.
Simple correlations (Table 2) indicated that
soil moisture, leafwater potential, and hour of
sampling were significantly (P < .05) associated with reduction activity. An examination
of the means in Table lIed to grouping of the
study areas into two categories according to
mean time of sampling. Nodules from the
2027- and 2454~m elevations were collected
later in the afternoon than those from the
1478-, 2256-, and 2713-m areas. the early
group mean sampling time and standard error
were 11.3 ± 0.01 hours, but those of the late
group were 13.4 ± 0.01 hours, or more than
2 hours later in the dllY. Soil moisture was
the only factor correlated with activity of nod-

Late

' Beta

0.30
0.13
-0.~5

0.15
-0.08
-0.02
0.10
0.05
-0.10
-0.20
-0,18

'7
8
4
6
2
.36

Rank

Beta

7
1
6
10
8
5
3
4
2
11
9

-0.22
0.28
0.55
-0.09
0.29
-0.30
0.27
~0.36

0.41
-0.01
-0.10
.74

ules from plants in the early group. Air and
soil temperatures, shoot and root weights, as
well as soil moisture, were correlated with
activity of nodUles from plants in the late
group. Trifolium pratense L. and Medicago
lupulina L. fu:ed very little nitrogen when soil
moisture Was reduced to 8% or less (Holter
1918). Table 1 shows that soil moisture aver~
aged less than' that in the surface to 40 cm
depths at the four lower study areas on Francis Peak.
Causal relationships among the variables
were examined by forward. stepwise multiple
regression. When all available data were considered, hour of day at which the plants were
sampled and soil moisture below 20 cm were
the two most influential independent vari=
abIes determining acetylene reduction rates
(Table 3), They jointly generated a multiple
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correlation coefficient, .8" of .27 and explained
7% of the variation in per plant nitrogen fixa=
tion activity, N2[C2 H 2]. Peakf!.ctivity occurred
from 11:00 a.m. to 12:00 noon when the rate
averaged 12.0 !-L moles of ethylene per hour
per g nodule fresh weight. Samples taken the
preceding hour produced a reduction rate of
only 7.2 !-L moles. Mean rates then dropped to
8.4, 5.0, 3.1, 2.6, and 3.5 !-L moles for subsequent one-hour intervals in the afternoon.
Hour of sampling and leaf water potential
were positively and significantly (P < .05) as~
sociated, r = .47. The impact of hour on
acetylene reduction activity probably was due
to increased drought stress as the day progressed. This seemed to be particularly true at
the 2713-m elevation, which was sampled at
four times. One plant sampled at 10:00 a.m.
had a leaf water potential pf -0.96 MPa,
whereas 47 plants sampled atli:OO a.m. averaged -0.78 MPa. Drought stress then increased markedly, as the 19 plants sampled at
12:00 p. m. had an average leafwater potential
of ~ 1.13 MPa. The stress increased still further for the 1 plants sampled at 1:00 p. m.,
which averaged -1.24 MPa.
Air temperature changed from a low of15.4
C at 11:00 a.m. toahighof26.7Cat4:00p.m.
Air temperature was positively correlated
with acetylene reduction actiVity and was the
single most important independent variable
when data from the late grouping of study
areas were considered (Table 2). Nodule
weight was the second most irlfluential vari~
able for the late group and also was important
for the early group (Table 3). This was true
even though the activity was expressed on a
gram nodule fresh weight basis. The degree of
hydration ofnodules apparently played a role
in the nitrogen :6.xationrates of these plants.
The other independent v::triables Were of
lesser value in predicting nitrogen fixation
activity. Shoot and root biomass were strongly
related to acetylene reduction in four legume
species studied by Holter (1978). These were
oflesser importance in this study of L. argen~
teus. However, variation in the 11 independent parameters measured and listed in
Table 3 explained only 14% of the observed
variation in activity. The remaining 86% ofthe
variation in fixation was caused by factors not
accounted for in this study, but which must
have been; in some way, related to the time of
sampling. Separation of the study areas into
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two groups on the basis ofmean sampling time
resulted in much stronger predictive relation~
ships for the late group. The multiple correlation coefficient was R = .74 (Table 3), and the
predictive function explained more than half
the observed variation in acetylene reduction
rates. For plants in the early group, factors
other than those measured in this study pro~
foundly influenced the dinitrogen fixation
rates of L. argenteus plants on the slopes of
Francis Peak. Although acetylene reduction
rates of L. argenteus could not be accurately
predicted from the variables evaluated in this
study, plants of L. argenteus were nodulated
and capable of reducing acetylene along an
elevational gradient on Francis Peak.
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in an article are cited in both the text and a
separate bibliographic section.
References in the text are cited by author
and date: e.g., Potter (1980) or (Potter 1980).
Multiple citations should be separated by
commas and listed in chronological order
(Baker 1968, Flake 1973, Agnew 1986), In
citations having more than two authors, use
"et al." after the name of the first author
(MacCracken et al. 1985).
Use the heading LITERATURE CITED for the
list of references follOwing the text. Include
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are identical for different authors. In such
cases write out the first given name for each
author.
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Tove, M. H., and D. L. Fischer. 1991. [If the
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Statistical methods. Iowa State University
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Smith, H. D., and C. D. Jorgensen. 1975. Re~
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Hague, Netherlands.
• Proceedings
Schenbeck, G. L. '1982. Management of black~
tailed prairie dogs on the National Grasslands. Pages 207-217 in R. M. Timm and
R. J. Johnson, eds., Proceedings of the
Fifth Great plains Wildlife Damage Control
Workshop. University ofNebraska, Lincoln.
• TheseslDissertations
Cramer, K. L. 1988. Reproduction and life history patterns of Peromyscus maniculatus
and Perognathus spp. in the northern Bonneville Basin, Utah. Unpublished dissertation, Utah State University, Logan. 101 pp.
• Miscellaneous
Tueller, P. T., C. D. Beeson, R. J. Tausch, N. E.
West, and K. Ft. Rea. 1979. Pinyon-juniper
woodlands of the Great Basin: distribution,
flora, and vegetal cover. USDA Forest Service Research Paper INT~229. Intermountain Forest and :Range EJq>eriment Station,
Ogden, Utah. 22 pp. [Subtitles are lowercasedJ
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MANUSCRIPT GUIDELINES

Literature citations of reports will not be
used unless adequate information has been
provided for the reader to readily locate the
reference.
Appendices. Long lists or material related
only indirectly to the topic should be included
in an appendix. Lists of specimens examined,
for example, would be appropriate.
Tables. Tables are costly to typeset and
therefore should be used only when they are
deemed the most effective means of presenting and summarizing data. If the data can be
described in one or two sentences within the
text, do not present the information in a table.
Tables should be self~explanatory. The title,
headings, and footnotes must contain sufficient information for the reader to understand
the table without referring to the text. This
will be a,chieved if the format is clear, simple,
and well organized. Also, tables of similar information presented in similar or parallel formats will aid the reader. Chapter 6 of the
eBE Style Manual offers helpful suggestions
on compiling, presenting, and condensing information in tabular formats.
All tables should be numbered sequentially. Each table must be typed on a separate
sheet(s), given a complete, intelligible title;
and referred to by number in the text. The
title describes the topic or general trends
shown in the table; it should also include species, localities, and dates ofstudy when appropriate. Include the number of samples (for
example, N = 24) in the title or in a column
heading, whichever would be more beneficial
to the reader.
Make headings within tables brief and
grammatically consistent with each other.
Capitalize only the first word of column heads
and items in stubs (row headings); do not
use all uppercase letters. Footnotes to tables
should be kept to a minimum. Asterisks (*),
one, two, or three, should be used for probability, P < .05, .01, and .001, respectively.
Lowercase letters are used to denote other
footnotes.
Finally, a table that fits into one column
ofthe Great Basin Naturalist two-column for~
mat is more likely to be printed close to its
corresponding text. This, of course, is a rela~
tively simple method of enhancing reader
understanding.

I
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Figures. Well~designedand prepared illustrative materials, whether photographs or
black-and-white artwork, not only augment
and clarify written material but also provide
visual enhancement. On the other hand,
poorly prepai"ed graphics may minimize the
author's or the journal's credibility.
In considering the addition of illustrations
to an article, be certain the text is long enough
to accommodate the artwork. In most cases
two pages of typescript are required for each
figure or table; three pages are preferred.
When submitting an article for review, please
do not sendotiginal photographs or blackand-white artwork. High-quality photocopies
are adequate.
• Photographs (generally referred to as
halftones); because of the nature of the reproduction process, are approxima,tely two to three
times as expensive to produce as line copy
(black-and-white artwork). We recommend
keeping halftones to a minimum. When they are
included, please submit glossy originals with
sharp focus, a full range of tonal values, and
suitable contrast. Photographs that are slightly
gray (low contrast) reproduce better than those
with high contrast.
Photographs submitted with the final manuscript upon acceptance by the Great Basin Naturalist should be no larger than 22 x 28 em.
Ideally, the printed size will be between 50%
and 100% ofthe original size. Smaller reductions
tend to darken and lose details. Photographs can
also be enlarged up to about 150% oforiginal size
without adversely affecting quality. Photomicrographs and elech·on micrographs should include
a scale on the photograph or on an overlay.
• Line copy is black-and-white artwork. Prepared on a white background with black lines, it
contains no grays. Graphs, diagrams, and charts
fall into this category. Technical pens, flexible
pens, and brUShes, all used with black India ink,
can produce line drawings, depending on the
type of illustration desired. Technical pens will
give evenly weighted lines suitable for graphs
and charts. Flexible pens and brushes give
smooth, tapered lines or softer, fuzzy effects,
respectively, ,
Although line copy does not contain grays, the
effect of gray, arellS can be achieved by using
stippling, c~oss-hatching; or line contouring.
Patterned screens with adhesive backings are
also frequently used.
Line drawings should not be enlarged
for publication, as enlargement reveals-and
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magili£ies-flaws that may not be obvious On the
original. Reductions ofblack=ahd=white artwork
should not exceed 50%. It is irnportant that all
lines, symbols, and letters be l::g-ge enough on
the original to Withstand ryduction and still
maintain integrity anclJor legibility.
• Computer~generated graphics, increasingly
available in many institution~, _are acceptable
forms ofblack-and-white <lttwork as long as they
are produced on laser, rather than dot"matrix,
printers. The same requirements that apply to
line art also apply to computer graphics.
~
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General considerationsfor illustrations:

l. For the sake of consIstency, milltiple
pieces of artwork for one article or a series of
articles should be prepared, if possible, by the
same artist. A uniform reduction of multiple
pieces Will also aid consistency.
~. The general ratio of 2:3, in either a vertical
or horizontal orientation, will result In artwork
compatible With the Great Bll$in Naturalist's
page and/or column dimensiOns.
3. Place necessary identifications, i.e., sym"
boIs, regression formulas, and scale bars, directly all the figure rather than in the figure
legend.
4. Use symbols for data. points, particularly
on graphs. The most common are 0, ., !:s., .A., D,

_,0,+.

5. Identify all artwork on the back. Using a

soft blue pencil, mark author and figure number,
and indicate "top."
General Style ant! Usage C6nventions
Provide the scientific name (genus and spe~
cies) of all organisms when first mentioned in
the vernacular form in both a,bsttact and text
even if the name appearS mthe title.
Use a comma to separate the elements
(words, phrases, or clallses) of a simple series
of more than two. A comma precedes the
"and" or "or" (e.g., blue grama, buffalograss,
and needleleafsedge).
Underline generic and specific names in
text (they will be italicized in print). Do not
use italics or boldface type in Inanuscripts.
Follow Webster's Ninth New Collegiate
Dictionary for spelling and word=usage questions. Also, consult Webster's Third New
International Dictionary, Una"Qridged.

In numbers consisting of two to fOilr digits,
run the numerals together: 1000, 3959. Use
comma separators for numbers offive or more
digits: 45,808. Use numerals to express any
number immediately preceding an abbrevia~
tion for a standard unit of measUre or expres=
sion of time: .5 g, 20 mm, 4 h. In most other
sittIations, use words for numbers One
through nine and numerals for larger num~
bers. However, in a seri~s containing some
numbers of 10 or more and some less than 10,
use numerals for all.
Write dates with no punctuatioh: 16 August
Hl89.
Standard abbreviations are acceptable for
units of measure, directions arid coordinates,
Latin terms (most of which no longer require
italics), and statistical terms. Acronyms and
other less common abbreviations should be
defined when first mentioned by writing out
the term and enclOSing the abbreviation in
Parentheses following it.
Always check the most recent issue of the
journal for any changes in style or format.

A Filial Word
Although we agree that adhering to established rules and maintaining a consistent style
are hallmarks of good journalism, we also
agree with a statement made in the preface to
the University of Chicago's first (1906) edition
of a Manual of Style:
Throughout this book it is assumed that no regulation
contained therein is absolutely inviolable. . . . Each
case ... must largely be decided upon its own merits.
Generally it may be stated that, where no question of
good taste or good logic is involved, deference should
be shown to the expressed wishes of the author.
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