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A HABITAT EVALUATION PROCEDURE FOR
ROCKY MOUNTAIN BIGHORN SHEEP IN THE INTERMOUNTAIN WEST
. 'Tom S.. Smith\ Jerran T..Flinders l , and David S. Winn2
ABSTRACT.-Several habitat evaluation procedures have been developed for bighorn sheep. However, none ofthese
procedures specifically addresses the Rocky Mountain subspecies nor analyzes both the quantity and quality of
potential bighorn habitat with regard to minimum viable population (MVP) criteria. This bighorn habitat evaluation
procedure combines (1) a quantitative assessment of bighorn range to determine if there are adequate quantities of
resources to support an MVP of bighorn sheep, and (2) a qualitative assessment of a range to predict the probable
density of bighorns the range can support. Extensive literature review, intensive bighorn research, and a modeling
tool, pattern recognition (PATREC), facilitate critical analysis of proposed bighorn reintroduction sites. The resultant
stepwise approach to bighorn habitat evaluation enhances the ability ofwildlife biologists to make timely and accurate
bighorn habitat assessments.

Key words: Habitat evaluation procedure, geographic information system, pattern recognition, minimum viable
population, bighorn sheep, Ovis canadensis canadensis.

The precipitous decline of Rocky Mountain bighorn sheep (Ovis canadensis canadensis) after arrival of American settlers has
been well documented (Buechner 1960). As
early as 1880, some bighorn herds had been
extirpated~ while others suffered sharp reductions. Even recently, Jahn and Trefethen
(1978) warned that without more effective
management, an additional loss of 8% of bighorn sheep could be expected over the next
25 years.
The inability to successfully restore bighorn
to former ranges in the western United States
results in part from habitat deficiencies that
hamper herd growth and persistence. For example, Utah's reintroduction program has
not succeeded in restoring Rocky Mountain
bighorn to former ranges (Smith et al. 1988).
Transplanted sheep have failed to increase,

and the current statewide total is approximately equal to the number of transplant animals released (Smith et al. 1988). Reasons
for this include: (1) inadequate quantities of
available range, (2) severe competition with
other ungulates, (3) contact with domestic
livestock, (4) improper juxtaposition of key
habitat components, (5) inadequate quantities
ofone or more critical seasonal ranges, and (6)
excessive human harassment. More rigorous
assessments of proposed reintroduction areas
would enhance program success. This habitat
evaluation procedure (HEP) is an effort to
provide wildlife professionals with a better
tool for assessing bighorn habitat quality.
Although several bighorn habitat evaluation procedures have been developed (Ferrier and Bradley 1970, Merritt 1974, Golden
and Tsukamoto 1980, Grunigen 1980, Hansen

IDepartment of Botanv and Range Science, Brigham Young University, Provo.· Utah 84602.
2USDA Forest Servic~, 324-25th Street, Ogden, Utah 84401.
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1980, Wilson et al. 1980, Holl 1982, and
Armentrout and Brigham 1988), this HEP
has been developed because (1) a Rocky
Mountain bighorn sheep HEP is nonexistent
and (2) none ofthe above procedures critically
examines actual, or proposed, bighorn ranges
for the minimum area necessary to support
at least a minimum viable population (MVP)
of bighorn sheep. An MVP has been defined
by Shaffer (1983) as the smallest isolated population having at least a 95% probability of
surviving at least 100 years. Though precise
MVP estimates for bighorn sheep are not
available, Berger (1990) studied 122 bighorn
sheep populations in southwestern United
States and found that 100% of the bighorn
populations with fewer than 50 individuals
went extinct within 50 years. Berger also re~
ported that bighorn populations with more
than 100 sheep had persisted for 10 or more
years. Consequently, he concluded that 50
bighorn sheep did not constitute a minimum
viable population and that managers should
strive for herds numbering more than 100
Berger, University of Nevada, personal
communications). Additionally, Geist (1975)
and others (Sands 1976, Van Dyke et al. 1983)
have suggested that wildlife managers should
maintain herds ofat least 125 individuals ifthe
herds are to survive and persist. Based on this
information, it is suggested that 125 individuals represent a current 'best estimate"
MVP (termed MVPE hereafter) for bighorn
sheep populations. Because restoration efforts should strive to establish populations
with long4erm persistence, this bighorn habi~
tat evaluation procedure assesses the ability of
a proposed site to support at least 125 bighorn
sheep. This requirement can be relaxed if a
reintroduction site is situated so that exchange with nearby herds is expected. In the
Mojave Desert of southern California and Nevada, Schwartz et al. (1986) report a stable
metapopulation of desert bighorns consisting
of 23 subpopulations, many of which fall far
short ofthe 125 MVP estimate. However, due
to the close proximity of individual herds and
the presence ofmigration corridors, rams regularly travel between them and maintain gene
flow, thereby alleviating the genetics prob~
lems which insular, nonmigratory populations
face. Therefore, if other populations are close
and have access to the reintroduced population, the problem of meeting MVPE criteria
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may be alleviated. Regarding interherd migrations, Schwartz et al. (1986) cite distances
that bighorn have been observed. traveling
between herds in southern California. Extrapolation of these data to mor.e forested re~'
gions should be done with discretion.
The importance of thorough site evaluation
prior to bighorn reintroduction is illustrated
by research from Bear Mountain of the Flam~
ing Gorge National Recreation Area in northeastern Utah. Cursorial evaluation ofthe Bear
Mountain transplant area suggests that about·
6900 ha of habitat area is available to bighorn
sheep. However, when one uses this HEP
to identify how much suitable habitat actually
exists, only 3800 ha (a 55% reduction) meets
the criteria for suitable bighorn habitat (Smith
and Flinders 1991). Subsequent research
conducted at Bear Mountain verifies the fact
that less than half the area is acceptable and
. usable by bighorn (Smith and Flinders 1991).
Hence, even though considered an excellent
site by many, Bear Mountain barely meets the
minimum space requirements for an MVPE of
125 bighorn sheep.
BIGHORN HEP CAPABILITIES
. This bighorn HEP (1) estimates the quantity and quality of occupied, or proposed,
bighorn ranges, (2) predicts a site's ability to
support at least an MVPE of bighorn sheep,
(3) identifies population limiting factors, (4)
enables estimation of the effects of management activities on bighorn habitat, (5) assists
identification of cost~effective habitat managem~nt strategies, and (6) allows use of geographic information systems (GIS) technology
for habitat evaluations (Fig. 1). This HEP may
be used to evaluate proposed transplant sites
or currently occupied ranges.
BIGHORN HEP OVERVIEW
This HEP performs two analyses: estima~
. tion of habitat quantity (Part 1) and quality
(Part 2). The combination ofthese two habitat
characteristics determines range. carrying
capacity. Part 1 uses questions regarding
bighorn habitat requirements to define probable range area and boundaries. Part 2 employs
pattern recognition (PATREC) to assess range
~al~.
.
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ROCKY MOUNTAIN BIGHORN SHEEP
HABITAT EVALUATION PROCEDURE .
. AN OVERVIEW
TAR
Part 1: Quantitative Assessment of Available Bighorn Habitat
* Comprised of questions which address the various limiting'

factors which define and delimit probable bighorn ranges.
* The final output for quantitative assessment is the amount of

habitat available and whether or not that amount will support a
minimum viable population (MVPE) of bighorns on those ranges.

Refer to MANAGEMENT DECISION
FLOW CHART (See Fig~re 3).

Proceed with the Qualitative Assessment of bighorn habitat
as outlined in, Part 2 of this habitat evaluation procedure.

Part 2: Qualitatitive Assessment of Delineated Bighorn Ranges
* Comprised' of PATREC Models (PATtern RECognition) which assess the

delineated habitat and evaluate its relative value for bighorns.
* The final output for qualitative assessment is a measure of the

area's ability to support at least a minimum viable population (MVPE)
of bighorn sheep.

Refer to MANAGEMENT DECISION
FLOW CHART (See Figure 3).

Proceed with bighorn tran,splant or utilize PATREC
outputs to remedy identified habitat deficiencies.

Fig.!. An overview of the Bighorn Habitat Evaluation Procedure.
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Bighorn sheep movements are restricted
by both intrinsic (behavioral and physical) and
extrinsic factors (fences, geographic ban-iers,
etc.). Because bighorn response to habitat
variables is reasonably predictable, it is possible to estimate bighorn range size. Although
bighorn will occasionally ignore normal barriers to movement, managers should not expect
disjunct portions of range, separated by barriers, to contribute significantly to bighorn
ranges. A proposed bighorn reintroduction
site comprising scattered range segments,
crisscrossed with barriers, with key habitat
components ineffectively juxtaposed or absent, would ultimately fail to sustain a herd
for long. Part 1 presents the normally restrictive barriers and assists in identifying the
probable range boundaries, maximum range
area, and juxtaposition of key habitat components. Part 1 focuses on critical aspects of
bighorn habitat and helps managers determine a site's ability to provide suitable bighorn habitat in the amount needed to support
an MVPE ofsheep.
.
Bighorn range quality results from the interaction ofmany abiotic and biotic characteristics. These interactions create patterns of
habitat suitability. The PATREC approach
captures in simple mathematical form the
process by which most biologists intuitively
assess habitat suitability patterns (Grubb
1988). To date, PATREC models have been
applied to a variety ofwildlife, including Bald,
Eagles (Grubb 1988), deer (Kling 1980), Sage
Grouse (Evans 1983), and bighorn sheep
(Holl 1982). For a thorough description of
PATREC, see Kling (1980) and Williams et al.
(1977). Before proceeding with Part 2 of this
HEP, review ofPATREC is essential. Particularly helpful is the User's Guide to PATREC
for Habitat Evaluation (Kling 1980).
Although most rigorous evaluation ofhabitat occurs when Parts 1 and 2 are applied, it
is not essential that both be used. Part 1 is
the key component and cannot be omitted for
it defines the ranges that Part 2 analyzes.
When insufficient range quantity or irreparable habitat problems have been identified
through application of Part 1, site analysis
need not proceed. Application of Part 2 requires a more detailed database. It may be
used to identify specific weaknesses of a
reintroduction site and to determine which

remedial approach will yield greatest benefits. We believe that prior to reintroduction
of bighorns, rigorous site analysis based on
Part 1 alone would greatly enhance the success of many reintroduction efforts.
METHODS
Stepwise discussion ofthe HEP follows and
corresponds to numbered steps in Figure 2.
Part 1
Quantitative Assessment of
Available Bighorn Habitat
Sequential questions enable the user to
(1) determine the probable range boundaries
for an actual, or proposed, bighorn herd,
(2) analyze the total area ofthat range in terms
of MVPE criteria, (3) determine if adequate
quantities of winter, lambing, and summer
ranges exist, and (4) decide if the juxtaposition
ofhabitat components is adequate.
STEP I.-Any portion of range that might
allow contact between bighorns and their exotic relatives, including domestic sheep and
goats, should be excluded from consideration.
Recent research has verified the incompatibility of domestic sheep, goats, and bighorn
sheep on the same ranges (Foreyt 1990). Exotic relatives of bighorn sheep, including
mouflon sheep (Ovis ammon musimon), barbary she~p (Ammotragus lervia), and ibex
(Capra ibex), are sources ofdisease, competition, and genetic pollution for bighorn sheep
(Geist 1988). Domestic sheep (and goats in
one instance) have been implicated as the disease source responsible for several recent
bighorn sheep catastrophic die-offs (Jessup
1981, Goodson 1982, Capurro 1988, Coggins
1988). Bighorn sheep and mouflon sheep
'readily cross and produce viable offspring.
Impure, genetically polluted bighorns have
no historic, conservation, or scenic value.
Although minimum distances for separation
of bighorn and exotics, including domestic
sheep, have been suggested (Holl and Bleich
1983, Armentrout and Brigham 1988, Coggins 1988), the potentially catastrophic consequences of exotic-bighorn interactions justify
a policy ofabsolute separation. If separation is
not possible, the area should not be considered potential bighorn range until exotics are
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removed. Ranges recently vacated of exotics
require no resting period before bighorn
transplanting because the pneumophillic diseases that precipitate die-offs are transmitted
by direct contact only.
STEPS 2 AND 3.-Estimate the probable
range boundaries ofavailable bighorn habitat.
Steps 2 and 3 determine whether bighorns
are already present on the site and, if so, their
~ange boundaries. When the bighorn herd is
established and approximate range bounda~
ries known, steps 4-8 can be disregarded,
since their role is to estimate the probable
extent of bighorn ranges.
STEP 4.-Delineate and buffer core bighorn
habitat areas.
All bighorn habitat is dependent upon the
presence and extent of escape terrain areas.
Escape terrain comprises slopes greater than
60% (about 27°) that have occasional rock outcroppings whereon bighorn can outmaneuver
predators and find secure bedding areas. For
a more thorough discussion of escape terrain,
see Van Dyke et aI. (1983). Because escape
terrain provides antipredator protectibn,
bedding and lambing areas, and areas of
lesser snowpack, it has been identified as
the most critical habitat component for bighorns (Buechner 1960, Ferrier and Bradley
1970, Geist 1971, Wilson et al. 1980, Van
Dyke et al. 1983). Specialized for leaping
and climbing rather than for running on flat
terrain (Geist 1971), bighorns are tied to
escape terrain and seldom venture far from
it (McCann 1956, Oldemeyer et al. 1971,
Brown 1974, Van Dyke et al. 1983, Hansen
1984, Gionfriddo and Krausman 1986). On
Bear Mountain, 95% of all bighorn activity
occurred within 300 m of escape terrain
(Smith and Flinders 1991). Therefore, areas
not within 300 m of escape terrain should be
excluded when evaluating bighorn ranges.
Occasionally, a segment of range is
bounded on two or more sides by escape ter. rain. Ifthe range between escape terrain areas
is 1000 m wide or less, the entire area should
be included as potential bighorn habitat. In
such situations, bighorn are apparently willing to roam farther from safety (up to 500 m)
.because of the increase in escape route options (Van Dyke et al. 1983).
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STEP 5.-Identify additional restrictions
fot range boundary determinations including

natural and man-made barriers to bighorn
movement.
A. Natural barriers
'. 1. Water: swift and/or wide rivers and
lakes. Although Cowan (1940) occasionally
observed bighorn swimming, water has
been noted elsewhere to effectively delimit bighorn ranges (Graham 1980,
Wilson et al. 1980, Smith and Flinders
1991). Rivers ~nd lakes break range continuity and are commonly barriers to
bighorn movements. Consequently, because bighorn herds rarely inhabit both
sides of a canyon when a major river is
, present, managers should consider one
side, but not both sides, of a continuous
water body as bighorn range.
2. Dense vegetation. Smith and Flinders
(1991), Brundige and McCabe (1986),
Risenhoover and Bailey (1980), Wilson
et al. (1980), McCann (1956), Cowan
(1940) and others have stated that bighorn
sheep hesitate crossing even narrow tracts
of dense vegetation, particularly timber.
Aversion to low visibility, likely a predator-avoidance strategy, restricts bighorn
movements. Dense timber, thick shrubs,
and lush herbaceous tracts often form impassable barriers to bighorns. For this
reason, low-visibility areas at least 100 m
wide should be considered movement
barriers to bighorn sheep. Because these
areas can restrain bighorn from utilizing
more suitable terrain beyond, they need
to be identified. Smith and Flinders (1991)
present methodology for determining the
horizontalvisibility ofan area. They found
that areas with less than 80% horizontal
visibility were little used by bighorns, regardless of their other qualities (e. g., distance to cliffs, herbaceous plant production, etc.).
3. 'Cliffs: continuous, nontraversable cliff
complexes. Although bighorn rely heavily
on cliffs, some cliffcomplexes do not qualify as escape terrain, but rather function as
barriers to movement. Sheer, vertical
cliffs, lacking negotiable terrain, can limit
bighorn movements and range size. Of
particular concern are continuous bands of
sheer cliffs because they may isolate other
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PART 1 QUANTliATIV~ HABITAT ASSESSMENT

FLOW DIAGRAM

>==--1

Stop E:valuatiOn.
See Text.

2

YI;S

5

Identify additional restrictions for range boundary determinations
including natural and man-made barriers to bighorn movement

6
Refer to text
for assistance.

8

Within the pOtential ranges identified above, deduct unusable
fJortion of habitat as identified in text

Refer to MANAGErvi~Nt
OE;CISION FLOW CHARi
(See Figure 3)

9

11
Qeterrhine if adequate winter ranges exist to suppOrt a MVPE herd by
delineating the po!.ential winter range size

Continued on next page

Fig. 2. Part 1: Quantitative Habitat Assessment flow diagram.
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Continued From Step 11

NO

12

13

-

-

-

-

Determine if adequate lambing terrain exists to support a MVPE herd by
delineating potential lambing terrain size
-

-

-

-

-

-

10
NO

14

Refer to MANAGEMENT
DECISION Flow Chart
(Se El FiglJl"e

3t

16

NO

17

18

END QUANTlfATIVE HABITAT-ASSESSME-NT
Proceed with the Qualitative Assessment (PATREC) of ranges
identified in Part I to determine the probable long-term
bighorn population they will be capable of supporting
--

~

-

-

-

-

-

-

Fig. 2 continued.

wise useful areas from the rest of the
range. As a rule of thumb, although bighorn are adept climbers, if a human cannot
negotiate a particular cliff area, bighorn
should not be expected to do so either.

4. Valleys or plateaus. If valleys separat~
ing areas of escape terrain are wider than

1000 m, they may act as barriers to
bighorn movements. Similarly, plateaus
separating escape terrain areas by more
than 1000 m should be considered range
boundary delimiters. When confronted
with these barriers, bighorn will attempt
to circumvent them if possible. However,
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iflong and continuous, these barriers may
totally isolate ranges that otherwise would
have value to the herd. In such cases these
areas must not be included as bighorn range.
B. Man-made barriers
1. Water: canals, reservoirs, aqueducts.
Linear waterways generally tend to impede bighorn movements. Concrete-lilled
canal systems, reservoir impoundme~ts,
and aqueduct structures can create Impassable barriers and bighorn death traps
(Grallam 1980). As a general rule, these
structures should be considered range delimiters, and bighorn sheep should not be
expected to routinely cross them to acce~s
other portions of potential range (Slezmk
1963).
2. Impassable fencing. Fencing can r~
strict bighorn movements and result m
mortality, particularly for rams whose
horns may become entangled. Helvie
(1971) presents a useful discussion of the
types of fencing that limit bighorn movements. If barrier fencing exists on proposed bighorn ranges, boundaries should
be drawn along them.
3. Major highways and high-use roadways. Besides the fencing often associated
with major highways and high-use roadways (interstate, federal, or state highways), associated human activity o~en
deters bighorn from regularly crossmg
these areas (Ferrier 1974, McQuivey
1978, Risenhoover 1981, Van Dyke et al.
1983). The impact of highways must be
carefully evaluated, and those restricting
bighorn movements should be considered
boundaries of contiguous bighorn ranges.
4. Centers of human activity. Airports,
dwellings, campgrounds, and ski resorts
are examples of centers of human activity
that frequently invade bighorn ranges. As
such, they represent potential range delimiters to bighorn sheep, particularly
when aligned in linear fashion. Each occurrence must be evaluated individually
and range boundaries drawn accordingly.,
STEPS 6 AND 7.-Determine whether probable bighorn range boundaries are well defined.
After identifying the above range-delimiting characteristics, managers should roughly.
define the boundaries of a proposed bighorn
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sheep release site. If this is not yet possi~le,
given the data to this point, the followmg
additional range constraints should further
define range boundaries.
STEP 8.-Deduct unusable portions of
habitat from within identified potential bighorn ranges, as follows:
A. Areas beyond 3.2 km from water sources.
McQuivey (1978) noted that 85% of bighorn
activity occurred within 3.2, km of water.
Brundige and McCabe (1986) reported that all
bighorn in Custer State Park, South Dakota,
remained within 1 km of watering sources.
Van Dyke et al. (1983) concluded that water
sources farther than 0.5 km from escape terrain received only limited use. Sands (1976)
suggested that optimal spacing between ,:~ter
sources was 1.6 km. We believe that cntIcal
bighorn ranges will occur within 3.2 km of
usable water sources; hence, areas beyond
3.2 km should be excluded from consideration
as -core-use ranges. It is important to note
that seeps, springs, perennial snow patches,
streams, rivers, ponds, lakes, and reservoirs
all qualify as bighorn watering sources. However excessive human activity around water
teso~rces (Jorgensen 1974), water heavily
used by livestock and ungulate wildlife
(Welles and Welles 1961, Van Dyke et al.
1983), alkaline waters (Jones et al. 1957), and
water sources surrounded by dense vegeta~
tion should not be considered usable by bighorn. Schmidt (Colorado Division ofWildlife,
personal comI-Qunications) noted that guzzle:s
are generally avoided by Rocky Mountam
bighorn sheep on Colorado ranges. Having
observed the same phenomenon in northeastern Utah, Smith and Flinders (1991) recommended that guzzlers be fitted with remote
watering troughs for bighorns to use. In the
cooler, temperate regions where the Rocky
Mountain subspecies normally occur, water is
rarely a limiting factor, unlike areas of desert
bighorn habitatto the south. However, where
water resources are limited, they must be
considered as effective range delimiters.
B. A 100-m-wide buffer should be placed
around areas of low to moderate human use.
Areas typically receiving low tci moderate
human activity include some trails, roads,
dwellings, and campgrounds. Many have
noted the negative effect of human activities on bighorn sheep (Dunaway 1971, Light
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1971, Hicks and Elder 1979, Gionfriddo and
Krausman 1986). Light (1971) defined "light
use" on back-country trails as 0-100 visitors a
year, "moderate use" as 100-500 visitors, and
"high use" as over 500 visitors a year. He
reported that low- to moderate-intensity
activity displaced bighorn activity up to 100 m
from the source. For this reason these areas
should be buffered accordingly.
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son and Johnson 1980, King and Workman
1984) are adequate reasons for excluding elk
or cattle ranges from consideration as critical
bighorn use areas, That these large ungulates
often totally displace bighorn has been well
documented; therefore, individual conflicts
must be carefully evaluated. Whenever a proposed site will considerably overlap the range
of elk, cattle, or perhaps even bison, careful .
consideration should be given the potential
C. A 150-m-wide buffer around areas ofhigh- for competition and displacement.
intensity human use. Areas typical of highAfter the areas identified in 8A to 8E have
intensity human activity include some airbeen deducted from potential range defined
ports, mines, tramways, campgrounds, ski
in steps 4-5, the remaining area represents
resorts, and heliports. A 150-m-wide buffer
range suitable for bighorn sheep if ~ntroduced
beyond the periphery ofsuch areas should be
into the area. Because transplanted bighorns
excluded from consideration as bighorn
often establish their home ranges around
range.
the release site (Geist 1971, Brundige and
D. All plant communities typified by hori- McCabe 1986), they can be expected to rezontal visibility of less than 80%. Research main within a 15-mile radius of it once they
by Smith and Flinders (1991), Brundige and have adjusted to the area, usually within a
McCabe (1986), Risenhoover (1981), and' year of the release. This may help to further
Risenhoover and Bailey (1980) indicates that delimit probable ranges in case boundaries
bighorn avoid areas of poor visibility. Smith are yet ill defined.
and Flinders (1991), using a gridded, meter, STEP 9.-Ascertain whether adequate range
. square target, measured percentage of target exists to support an MVPE ofbighorns.
visible in various habitat types and found that
Van Dyke et al. (1983) suggested that 1.9
bighorn avoid most areas in which horizontal
bighorns
per km2 (5 per mi2), averaged over an
visibility is less than 80%. Conifers with dense
understory, brushy meadows, and many entire range, would represent a maximum
riparian areas are of such poor visibility as' density for ranges in the Great Basin portion
to preclude bighorIj. activity. As a rule of of southeastern Oregon. If this represents a
thumb, shrub communities with a mean reasonable estimate for other sites in the2
West, a minimum of 65 km
height greater than 0.5 m, riparian areas with Intermountain
2
a dense understory, heavily forested areas, (25 mi ) of habitat. would be required to supand more open timber stands with an under- port 125 bighorn sheep., However, densities2
less than 0.4 bighorn per km
. story greater than 0.5 m in height will be ranging from
2
,(1
per
mi
) (McQuivey 1978) to over 27 per
avoided by bighorn sheep. All such areas
2
2
should be excluded from the potential big- .km (70 per mi ) (Demarchi 1965) have been
reported. Unfortunately, all reported bighorn
horn range.
densities appear to have been calculated for
E. Portions of range seasonally occupied by areas that included both usable and unusable
concentrations of elk or cattle. If portions of portions of range. This underestimates true
potential bighorn range will have elk or cattle bighorn densities within occupied areas. For
present concurrently with bighorn, such areas example, McQuivey (1978) calculated bigshould be excluded from potential bighorn horn densities of several Nevada herds using
range. Aside from direct competition for polygons that encircled all observed bighorn
forage (McCann 1956, Demarchi 1965, Olde- sightings. As a result, he included portions of
meyer et al. 1971, Morgan 1973, McQuivey unsuitable ranges with the suitable, thereby
1978, Estes 1979, Van Dyke et al. 1983), dis- overestimating true range size. Demarchi
ease transmission (Wishart 1978, Lawson (1965) reported that although the mean denand Johnson 1980, Van Dyke et al. 1983, sity of bighorn for the Chilocotin River area
De Forge 1988, Jessup 1981) and social intol- was 4.7 per km2 (12.1 per mi2), key grassland
erance (Wilson 1975, McQuivey 1978, Law- areas supported as many as 27 bighorn per
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km2 (10.4 per mi2). In light of these and oth~r
research reports, we suggest the following
guidelines:
(1) The ranges defined through step 5 (un~
suitable portions not yet withdrawn) should
not be expected to support more than an aver~
age of 3. 9 bighorn per km2 (10 per mi2). this
means that there must be at least 32 km2 (12.5
mi2) of habitat identified to the level in step 5
to support at least an MVPE ofbighorn sheep.
(2) The ranges remaining after step 8 has
been applied (unsuitable portions ofrange de~
ducted) should not be expected to support
more than 7.7 bighorns per km2 (20 per mi2).
Hence, there must be at least 17 km2 (6.5 mi2)
of core habitat remaining in order to support
at least an MVPE ofbighorn sheep.
(3) Proposed ranges with an abundance of
grassland can be expected to support more
sheep than the above estimates, whereas
those with less grassland should be expected
to support fewer sheep. However, if range
area estimates are not within reasonable
boundaries ofthose recommended above, the
site may not warrant a bighorn transplant.
Step 9 instructs wildlife biologists to com~
pare the evaluation area against the minimum
range area criteria necessary to support at
least 125 sheep. Although these minimum
area vqlues are rough estimates, they do rep~
resent reasonable minimums and therefore
should be seriously considered when poten~
tial bighorn reintroduction sites areevalu~
ated. If a proposed release site is so restricted
in size that these suggested area minimums
cannot be met, the site should not be consid~
ered a good candidate for a future release
of bighorn sheep. However, as mentioned
earlier, another option exists: creating a meta~
population comprising subpopulations of less
than 125 bighorn as long as bighorn move~
ments can occur between them.
STEP 10.-Refer to the management
sion flow chart.

deci~

When ;;L proposed range appears inade~
quate to support the suggested MVPE of
bighorn sheep, the user is referred to the
Management Decision Flow piagram (see
Fig. 3, adapted from Holl and Bleich 1982).
Figure 3 suggests alternative actions to re~
solve the problem.
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STEP ll.-Determine if adequate winter
range exists to support an MVPE herd by
delineating the potential winter range size.
Even if a site is satisfactory in all other
respects, when winter ranges are inadequate
or lacking, a transplant will fail. Indeed, some
transplant failures in Utah have been due, in
part, to inadequate winter ranges (Smith et al.
1988), Winter ranges are delineated as follows:
A. Select all areas within 300 m of escape
terrain. Areas of up to 1000 m from escape
terrain may also be included if multiple escape routes exist, as described in step 4.
B. Within areas selected in step llA, identify
sites receiving less than 25 cm of snowpack.
Heavy snow accumulations render potential
winter range areas unusable (McCann 1956,
Tilton and Willard 1982, Johnson 1983, Smith
and Flinders 1991). Research in northeastern .
Utah indicated that bighorns abandoned
ranges when snowpack exceeded 25 cm.
C. Of those areas selected in step llB, exclude all escape' terrain without southern
exposures (SW-S-SE). Studies addressing
winter range requirements have consistently
noted that key winter ranges are typified by
southern exposures (Shannon et al, 1975,
Hudson et al. 1916, Stelfox 1976, Johnson
1983, Smith and Flinders 1991). Identify
those areas.
D. Determine the total area of potential winter range from those areas that fit the criteria
in steps llA-C. Add the areas and calculate
the total area of probable winter range available.
STEP 12.-Verify whether adequate winter
range exists to support an MVPE ofbighorns.
Step 12, like step 9, alerts site e~aluators to
critical winter range deficiencies. How much
winter range is adequate? Coggins (1980) reported winter range densities of 31 bighorns
per km2 (80 per mi2) for the Lostine River herd
of northeast Oregon. Woodgerd (1964) and
Blood (1963) reported winter range densities
of 19-23 bighorns per km2 (50 to 60 per mi2 ).
Wehausen (1983) reported winter densities
averaging 20 bighorns per km2 (52 per mi2)
for the Mt. Baxter herd. High-quality por~
tions of the same winter ranges supported
nearly double the average value, or 31 big-
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8IGHO~N SHEEF> MANAG~MENT DECISION

FL.-OW DIAGRAM

NQ habitat managernent
action is required,

3

7.

9

NO - ,-~ , -,,,
Reanalyze the problem
~eturn to Step:3

Fig. 3. Bighorn Sheep Management Decision flow diagram.

horn per km2 (97 per mi2). In light of these
and other reports, we believe that winter
ranges should not be expected to support
more than 20 bighorns per km2 (about 50
per mf). Therefore, to sustain an MVPE of

125 bighorns, a particular range must have
at least 6.5 km2 (2.5 mi2) of available winter
range. If an analysis of this step reveals in~
adequate winter range, then refer to the Management Decision Flow Diagram (Fig. 3),
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which recommends alternative actions to resolve the problem.
STEP 13.-Determine if adequate lambing
terrain exists to support an MVPE herd by
delineating potential lambing terrain size.
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declines rapidly. For purposes of this evaluation, areas beyond 1000 m from water should
not be considered usable for lambing.

E. Deduct from areas identified in step 12D
habitats that are smaller than 2 ha (5 acres).
Van Dyke et al. (1983) suggest that ewes select
In some instances, inadequate quantities·
rugged cliffs that are greater than 2 ha for
oflambing terrain have been cited as the ultilambing. They did say, however, that if an
mate factor controlling bighorn herd size
area is remote, extremely rugged, and free of
(Hansen 1982). The importance of adequate
harassment, parcels as small as 1 ha (2.5 acre~)
amounts ofsuitable lambing terrain cannot be
receive occasional use. For purposes of this
overemphasized, as lamb survival and recruitassessment, areas less than 2 ha should not be
ment can have a greater effect upon transplant
considered potential lambing terrain unless
success than any other factor of herd populaextremely rugged and isolated..
tion dynamics (Smith and Flinders 1991).
Lambing terrain has been defined as the most F. Determine the total hectares of potential
precipitous, rugged, and remote areas of the lambing terrain from areas meeting the critebighorn ranges; in addition, these areas are ria of steps 13A-E. Sum the areas of probable
near forage and have dry, southern exposures lambing terrain identified in steps 13A-E.
(Geist 1971, Van Dyke et al. 1983). Identify
STEP l4.-Decide if adequate lambing terand select those areas meeting the following
rain exists to support an MVPE ofbighorns..
criteria:
As in steps 9 and 12, step 14 warns bioloA. Select all areas identified as potential esgists of proposed release sites that are deficape terrain. These areas have already been
cient in critical lambing terrain. Although reidentified in step 4.
ported bighorn age/sex ratios vary widely, an
B. Of areas identified in step 13A, select all MVPE population of125 should have approxisoutherly aspects. Lambing areas most com- mately 50-60 breeding ewes (inferred from
monly have southern exposures (Geist 1971, data from Buechner 19,60, Oldemeyer et al.
Van Dyke et al. 1983, Smith and Flinders 1971, Ho1l1982, McQuivey 1978, Smith et al.
1991). Smith and Flinders (1991) indicated 1988). Holl (1982) showed that 60 ha ofescape
that most lambing areas fall within aspects terrain is needed to support 10 lambing ewes.
from 90° to 270°. Select escape terrain areas If this assumption is true for bighorn in the'
that fit these aspect criteria.
Intermountain West, a minimum of 300-360
ha (1.2-1.4 mi2) of .suitable escape terrain
C. Of areas identified in step 13B, select
would be required to support the 50-60 ewes
those typified by horizontal visibility of
during lambing. It is recommended that at
greater than 80%. Refer to step 8D for a disleast 360 ha (1.4 mi2 ) of escape terrain, as
cussion and description ofthe concept ofhoriclassified in steps 13A-F, be available for
,zontal visibility. Visibility is measured along
lambing. If the available lambing terrain is
predator-approach pathways, not into, or
less than the recommended baseline value
over, cliffs. Because bighorns consistently
of 360 acres, refer to the Management Deciselect against areas having poor visibility,
sion Flow Diagram for suggested alternative
only areas of good visibility are considered
actions.
suitable for lambing.
'
STEP 15.-Determine if adequate summer
D. Of areas identified in step 13C, select only
range exists to support an MVPE herd by
portions within 1000 m of usable water
delineating potential summer range areas.
sources. Because ofthe water demands oflactating ewes, and the inability of young lambs
In some instances, inadequate quantities
to travel far, water sources need to be within, of summer range have been cited as the 'key'
or adjacent to, lambing areas (Van Dyke et al. factor limiting bighorn herd size (Arnett
1983). Smith and Flinders (1991) suggest a et al. 1990). Summer ranges, as defined here,
maximum distance from water of 675 m. refer to those areas utilized by all bighorns
Beyond that distance use of lambing terrain not involved in lambing activities from May
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through August. This nonlambing group includes the mature ram cohort (four-year-olds
and older), yearlings, two-year-old ewes,
young rams up to three years of age, and
barren ewes. While these sheep are occupying summer ranges, ewes inhabit lambing
ranges. Identify and select those areas meeting the following criteria:
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The quantity, quality, and juxtaposition of
forage, water, and escape terrain interact to
determine bighorn population size and health
(Hansen 1982, Van Dyke et al. 1983). In optimum bighorn habitats, water sources and escape terrain are interspersed throughout forage areas. This interspersion promotes herd
dispersal and protects the range against
overuse of plant, communities. If escape terA. Delimit all buffer areas (300 m) adjacent rain, water, and forage are not intermixed
to, but not including, escape terrain. These throughout the bighorn range, the situation is
areas were identified in step 4. They include not ideal. If other critical elements of bighorn
areas having slopes less than 60%.
ranges are deficient (total area available, area
B. Of areas identified in step 15A, select of winter range, lambing terrain, or summer
those having horizontal visibility greater range), the area being evaluated may not be
than 80%. Refer to step 8D for a discussion of suitable for bighorn reintroduction unless
the concept of horizontal visibility. Bighorns management actions can correct the probavoid areas of poor visibility; thus, areas of lems.
high visibility should be selected as suitable
STEP 18.-This concludes Part 1 of the
for summer range.
Rocky Mountain Bighorn Sheep Habitat
C. Ofareas identified in step 15B, select only Evaluation Procedure. If insurmountable
portions within 3.2 km ofwater. As discussed ha.bitat problems were encountered in Part 1,
in step 8A, it is assumed that ranges farther further evaluation (application ofPart 2) ofthe
than 3.2 km from water do not constitute key proposed bighorn sheep ranges is unnecesareas for sheep and are thus withdrawn from sary. If, however, the ranges appear to satisfy
the foregoing minimum criteria, habitat qualconsideration as summer range.
ity estimation may be desirable. For range
D. Determine the total hectares of potential quality analysis proceed to Part 2 ofthis HEP.
summer range from areas meeting the criteria
Part 2
in steps 15A-C. Calculate the total area of
probable summer ranges as identified in steps
Qualitative Assessment ofAvailable
15A-C.
'
Bighorn Habitat-PATREC
STEP 16.-Insure that adequate summer
Once bighorn range boundaries have been
range exists to support an MVPE ofbighorns. determined, an estimate of range quality may
follow. A range that is capable of supporting
As with steps 9, 12, and 14, step 16 alerts
an MVPE ofbighorns must fulfill the continubiologists to sites deficient in summer range.
ously changing needs of herd members
As discussed above, an MVPE population of
(Holl and Bleich 1982). Because varying sea125 would have approximately 50-60 breedsonal demands accompany each bighorn coing ewes at most. This leaves approximately
hort (ram and ewe superclass), three separate
65:"-75 nonbreeding bighorn to occupy sumPATREC models have been constructed: (1) a
mer ranges. In step 9 it was suggested that
ram spring-summer model, (2) a ewe springra.nges would probably not support more
summer (lambing period) model, and (3) an all
than 7.7 bighorns per km2 (20 per me). Therebighorn fall-winter model (Tables 1-3). These
fore to support 65-75 bighorns on summer
three models permit analysis of the habitat
2
2
range, at least 8.4-9.7 km (3.2-3.6 mi )
from the unique perspective of each group.
of summer range should be available. If
Because Bear Mountain ram and ewe cohorts
available summer rangelands are Significantly
did not suffiCiently segregate after the fall rut
less than these recommended areas, consult
season, a single model was used to analyze
the Management Decision Flow Diagram for
habitat.
alternatives.
A map that estimates bighorn density for
STEP 17.-Determine whether all portions the site can be constructed from PATREC
ofrange are properly arranged and connected. models. This density map presents changing
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TABLE 1. Habitat evaluation model (PATREC) for
spring-summer bighorn ram ranges of northeastern
Utah [prior probabilities P(H) = High = .30; peL) = Lo':\'
= .70].
Conditional
probabilities
'High Low

Habitat attributes
TERRAIN
1. The area is greater than, or equal
to, 7250' elevation.
2. The average slope ofthe area is:
a. less than 6°.
b. 6° to 15°.
c. greater than 15°.
3. The area is not within
escape terrain.
VEGETATION
4a.. The area has horizontal visibility
greater than, or equal to, 90%.

0.78

0.30

0.67
0.g2
0.11

O.go
0.20
0.60

0.89

0.40

0.67

0.10

OR

4b. Tree canopy cover is less
than, or equal to, 10%.

0.89

0.60

0.67

0.40

0.67

0.10

0.78

0.33

habitat quality across the site, indicating areas
of higher and lesser value to sheep. This
implies that once bighorn introduced to the
area: reach a carrying capacity equilibrium,
PATREC predictions will approximate actual
density distributions. There has been debate
about the use of density as an indicator of
habitat quality (Van Borne 1983, Maurer
1986). Howeyer, it is believed, that bighorn
sheep respond numerically to habitat quality
such that increasing numbers of animals occupy sites of increasing quality (Smith and
Flinders 1991).
'
It is important to note that Part 2 of this
procedure has been specifically developed
with data obtained from the Bear Mountain
bighorn herd. Managers should recognize
that some habitat-related questions may not
be applicable to sites other than the Bear
Mountain area. However, because each spe~
cmc PATREC question addresses a habitat
variable important to bighorn sheep, man~
agers should attempt to obtain accurate values
,

TABLE 2. Habitat evaluation model (PATREC) for
spring-summer bighorn ewe lambing ranges ofnortheastern Utah [prior probabilities P(H) = High = .30; peL) =
Low = .70].
Conditional
probabilities
High Lo;'

Habitat attributes
TERRAIN
1. The area is less than, or equal
to,' 6400' elevation.
2. The average slope of the area is:
a. less than 35°.
b. 35° to 40°.
c. greater than 40°.
3. More than 75% of the area has
aspects between 180° and 270°
from north.
4. The area is within 100 rneters
ofwater source.
VEGETATION
5a. Tree canopy cover is less than,
or equal to, 6%.

0.67

0.44

0.11
0.77
0.12

0.33
0.01
0.66

0.67

0.11

0.78

0.33

0.55

0.33

0.77

0.99

0.99

0.43

OR

OR

4c. Average shrub height is less than,
or equal to, 0.5 meters.
5. Grass, forb, and shrub cover
is greater than, or equal to, 15%.
6. The area supports greater than,
or equal to, 250 kg per hectare
(dry weight) ofgrasses and forbs.

.
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5b. The area has horizontal visibility
greater than, or equal to, 80%.
6. The area has shrub cover less
than, or equal to, 6%.

fo,r these variables before conducting a
:PATREC analysis. Replacement ofPATREC
values reported here With more a,ppropriate
ones from local situations is not that difficult.
For example, in Table 1, habitat attribute 1
indicates that 1250' elevation is a break-point
for observed bighorn densities. The assigned
probabilities indicate that 78% of the time
high densities of rams were observed above
7250', whereas low densities oframs occurred
at or above that elevation, only 30% of the
time. The 7250'-elevation contour corre~
sponds to the canyon rim at Bear Mountain, a
steep-sided plateau. Above 1250' bighorn
rams utilize the relatively level rim areas, typmed by slopes of less than 6° and abundant
forage. With little reason to use the steep, less
productive cliff areas, rams occur in higher
numbers on the rim. Concurrently, driven by
behavior to protect their newborn lambs,
ewes are found mostly at lower elevations (in
cliffs) typmed by very steep slopes (35°-40°)
(Table 2). Because many transplant sites have
similar elevational break-points between precipitous escape terrain and the more level,
high-productivity forage areas, managers can
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TABLE 3. Habitat evaluation model (PATREC) for
fall-winter bighorn ranges of northeastern Utah [prior
probabilities P(H) = High = .30; peL) = Low = .70].

Habitat attributes
TERRAIN
l. The area is greater than, or
equal to, 7000' elevation.
2. The average slope ofthe area is:
a. less than 6°.
b. 6° to 15°.
c. greater than 15°.
3. The area is within 275 meters of,
, but not in, escape terrain.
VEGETATION
4a. Tree canopy cover is less than,
or equal to, 5%.
OR
4b. ·The area has horizontal visibility
greater than, or equal to, 90%.
OR
4c. Average shrub height is less
than, or equal to, 0.4 meters.
5. Grass and forb cover is greater
than, or equal to, 14%.
6. The area supports greater than,
or equal to, 300 kg per hectare
(dry weight) ofgrasses and forbs.

Conditional
probabilities
High Low

0.90

0.20

0.60
0.30
0.10

0.20
0.01
0.79

0.80

0.10

0.90

0.40

0.90

0.40

0.90

0.40

0.70

0.20

0.80

0.10

reasonably substitute those values. Also, note
that each ofthe three PATREC submodels has
several habitat attributes separated by the
word "or." Because an underlying assumption
of Bayes Theorem is that all habitat attributes
are independent, those found to be interdependent are separated by "or," giving the user
the option of selecting one of the listed alternatives, allowing for flexibility in the database.
PATREC analysis requires detailed, sitespecific information and is tedious to conduct
by hand. Manual application (i.e., nonc()mputer assisted) ofPATREC models for wildlife
has been successfully conducted for very large
areas with satisfying results (Evans 1983,
Wilson 1983). However, current GIS computer technology can be successfully employed to perform these same analyses in significantly less time and with much less effort.
We fully recommend the GIS approach to
PATREC analysis; however, an overview of
both approaches is presented here for the
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benefit of those with, and without, GIS computer technology.
It is beyond the scope of this paper to discuss the intricacies of PATREC modeling.
Therefore, a thorough review of Kling (1980),
Evans (1983), or Wilson (1983) is essential, as
each of these references contains detailed
information regarding the theory, methodology, application, and utility of PATREC
models for wildlife. The primary purpose of
this section is to present an existing bighorn
PATREC model, its application, and utility.
Because the manual and GIS computer
approaches to PATREC model application
differ widely, each is addressed separately.
The follOwing discussion is based on the stepwise procedure outlined in Figure 4. The
numbers to the left of each step uniquely
identify it and will be referred to below.
The Manual PATREC Model Approach
STEP I.-Because PATREC models cannot
be applied to an entire bighorn range simultaneously, available bighorn habitat (defined in
Part 1) must be subdivided into PATREC
model evaluation units (MEU) for the analysis
of habitat quality. Once subdivided, each of
the analysis subunits is individually evaluated. A subunit of 16.2 ha (40 acres) is suggested, although biologists can adjust the
MEU's area as needs dictate. However, as
MEU size increases, model resolution will
become coarser; and important, high~quality
portions of range may go unidentified or be
downgraded as they are averaged with adjacent areas oflesser quality. Mylar overlays on
topographic maps can provide the necessary
analysis grid of MEUs. A data sheet should
be constructed that contains a unique label
for referencing each MEu and its associated
PATREC posterior probabilities..
STEPS 2 AND 3.-Each MEU should be
evaluated using each of the three submodels
(Tables 1-3). If a user suspects that lambing'
terrain may be inadequate, he may choose to
apply only that PATREC submodel while
omitting the other two.
Subunit evaluations compare each subunit's habitat attributes with those listed in
the PATREC models. If the subunit meets
the criteria of each habitat attribute, then
the high- and low~conditional probabilities
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PART 2: QUALITATIVE HABITAT ASSESSMENT
FLOW DIAGRAM
START

Divide the available bighorn habitat (Part 1, Step 7) into PATREC
model evaluation units (MEU) for quality analyses:
A. Divide each 1 mf section of range (2.59 km2) into sixteen
40 acre (16.2 ha) MEU's (or other appropriate size).
B. Record township, range, section # and subsection # (1-16)
on a PATREC anal sis data sheet
2

Evaluate each MEU with regard to bighorn habitat parameters
identified in the Ram & Ewe PATREC submodels (Tables 1 - 3)

3
Slope

Shrub Height

Escape Terrain

Site Production

Determine PATREC posterior probabilities for each MEU

5

7

6

YES

9

Refer to MANAGEMENT
DECISION FLOW CHART
(See Figure 3)

YES

Proceed with transplant or utilize PATREC model outputs to remedy
indicated habitat deficiencies

Fig. 4. Part 2: Qualitative Habitat Assessment flow diagram.

associated with each are used in calculation
of the site's overall high- and low-density
probabilities. When habitat attribute criteria
are not met by the site, each high- and lowconditional probability is subtracted from 1
and the result recorded for use in subsequent
calculations.

STEP 4.-PATREC model outputs are expressed as probabilities. These probabilities
express the likelihood that the evaluated parcel ofrange (MEU) will support a high-density
population and the probability it will support
a low-density population. Computations to
provide these outputs are quite simple and

1991]

HABITAT EVALUATION FOR BIGHORN SHEEP

221

can be done by hand, though not recommended, or with a hand-held calculator or a
computer. Once the required inventory data
are gathered from an MEU and compared
with habitat attribute criteria, the resulting
conditional probabilities P(ID/H) and P(ID/L)
are used in Bayes Theorem as follows:

bilities are subtracted from 1. To illustrate,
the necessary calculations are performed:

_
P(H) x P(ID/H)
P (H/ID ) - P(H) x P(ID/H) + (P(L) X P(ID/L)

P(ID/L)

P(ID/H)
P(ID/H)
=
=

(product of all seven attributes' high
probabilities multiplied)
(1-.78) (.67) (1-.89) (1-.67) (1-.67)
(.67) (.78)
0.000922751
(product of all seven attributes' low
probabilities multiplied)
(1-.30)(.20)(1-.30)(1-.40) (1-.10)
(.01) (.33)
0.000174636

P(ID/L) =
where P(H/ID) is the probability that the area
will support a high-density population based
=
on inventory data. P(H) and P(L) are the probabilities of a high- or low-density area (prior These conditional probabilities are then subprobabilities) naturally occurring. Every sub- stituted into the Bayes Theorem as follows:
unit has an associated probability of support_
(0.3) (0.000922757)
ing a high density and a low density ofbighorn
P(H/ID)
(0.3)
(0.000922757)+(0.7)
(0. 000174636)
sheep. Since these two probabilities must
=
0.69
sum to 1, 1 minus the high-density probability
yields the low-density probability. For all P(UID) = l.0 - 0.69 = 0.31
three PATREC models the prior probabilities From these inventory data, we can conclude
for high and low have been assigned the val- that the probability of the area supporting a
ues of0.30 and O. 70, respectively. This assign- high density ofbighorn sheep is 0.69, or 69%.
ment of values is a reflection of the relative Conversely, the probability that the same
abundance of habitats in northeastern Utah area would support a low-density population
capable of supporting high- and low-density is 0.31 or 31%.
bighorn sheep populations. This implies that
STEP 5.-As discussed in step 8 of Part 1,
a random sample of habitat would select
bighorn population densities ranging from
high~density types 3 times out of 10 and low~
2
mi2 )
density types 7 out of 10. These probabilities less than 0.4 bighorn per km (1 per
2
1978) to over 27 per km (70 per
do not address land beyond the delineated (McQuivey
2
bighorn range boundaries. These values can, mi ) (Demarchi 1965) have been reported.
and should, be changed to local situations For the sake of this model it is assumed that
habitat will support 1. 0 bighorn
when the proportion of high to low habitat is low-density
2
habitat will support
clearly different. In situations where the pro~ per km and high-density
2
portion is unknown, assigning probabilities of 25 bighorn perkm • Based on those density
the MEU
0.50 to each cancels opt the effects of this estimates, PATREC predicts that
bighornlkm2), or 17 bigvariable's input on the model (see Kling 1980 will support (0.69)(25
2
for further discussion). P(ID/H) and P(ID/L) horns per km , when the population is at, or
represent the probabilities that the inventory near, its carrying capacity.
data have a high- or low-density potential,
STEPS 6 AND 7.-Because PATREC 'outputs
respectively (conditional probabilities). An can be translated into the long-term populaexample here will illustrate how Bayes Theo- tion densities that a range can be expected to
rem is used.
support (discussed in step 5), the number of
Suppose a particular MEU was evaluated rams and ewes that an area may be expected to
and only habitat attributes 2A, 6, and 7 of the support can be calculated. Although the perspring-summer bighorn ram model (Table 1) cent composition of rams, ewes, yearlings,
were satisfied. The probability ofthe site pro- and lambs varies from herd to herd, it is recviding high-density habitat for bighorn rams, ommended that ram habitat be able to supgiven those inventory data, is then calculated. port at least 25 adult rams (four years old and
It should be noted that when habitat criteria older), and the ewe habitat at least 100 memare not satisfied by the site (numbers 1, 3, 4C, bers of the ewe super-class (all ewes, yearand 5), both high- and low-conditional proba- lings, and lambs).
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attribute, the user would access the digital
elevation map and reclassify it into only two
categories: those above 7250' and those below
7250' elevation. Secondly, all areas (polygons)
within each category would be encoded with
STEP 9.-PATREC models also provide the appropriate conditional probabilities, as
some insight as to what management could presented in Table 1. Because areas below
do to improve the area for bighorn sheep. 7250' elevation do not meet the given habitat
In the above example, there is little that can criteria, they are labeled with 1 minus the
be done about habitat attributes 1 (elevation) given probabilities. In a like manner, the user
or 3 (amount of escape terrain), but 4C and .5 proceeds to subdivide the GIS data base ac(shrub height and herbaceous vegetation cording to each of the habitat criteria listed,
cover) could be managed so that the probabil- labeling each newly created category of polyity of the area supporting a larger population gons with the appropriate conditional proba~
could be increased. By trying various "What bility values. Finally, all polygons are merged
ill" scenarios, managers can also identify al- to create a composite map comprised of the
ternative habitat modifications most likely to intersection of all habitat attributes and assohave high costlbenefit returns. For instance, ciated probabilities. The GIS creates a new
if managers were to alter shrub height by table for each polygon containing an entire
burning and thereby satisfy attribute 4C, the listing of the conditional probabilities associresultant P(H/ID) is 0.87, for a net increase in ated with its particular habitat attributes, as
habitat suitability of 18%. However, if man- specified by the PATREC submodels. A com~
agers had chosen to alter attribute 5 instead posite map of these merged polygons is creby increasing the total herbaceous plant ated independently for each submodel.
The information stored in the relational
cover, the resulting probability that the site
data
base for each range polygon is used to
will be capable of supporting a high~density
calculate
resultant probabilities using Bayes
population would have increased to 0.98, givTheorem,
as demonstrated above. Fortuing a net increase of 29%. Once the differential in cost is calculated for each scenario, the nately, many GIS applications have the ability
plan of action that will return the most per to access the stored values, perform these
time-consuming calculations for each subunit,
unit effort invested will be apparent.
and return the results, i. e., probabilities, for
each polygon. The GIS can then use these
The GIS Computer PATREC
resultant
probabilities to calculate estimates
Model Approach
of bighorn densities for each polygon. As in
No flow diagram has been provided for the the manual method, the total number of
GIS computer PATREC model approach. sheep the site is capable of supporting is deHowever, the follOwing discussion should as- termined by summing the estimated density
sist the reader in understanding an overview values for all polygons. These individual val~
of the process.
ues (i.e., number of rams in spring-summer,
As with the manual method, the entire number of ewes dming lambing, etc.) must
bighorn range must be analyzed with each of exceed those presented above in step 6 of the
the PATREC submodels for accurate habitat Manual PATREC approach. In this manner,
assessment. The GIS approach circumvents seasonal/cohort weaknesses of a site are identhe need for subdividing the evaluation site tified, and management can focus on the real
into analysis units and thereby avoids the problem areas. GIS utility and power streamtedium associated with it. Instead, the habitat line the PATREC process immensely and put
requirements specified by each submodel within reach of many this powerful tool for
are used to identify qualifying portions of the habitat quality evaluation.
GIS data base. For example, the ram springThis concludes application of Part 2 of the
summer PATREC submodel (Table 1) indi- bighorn HEP. Upon completion of bighorn
cates in habitat attribute 1 that elevations habitat evaluation, the investigator should
above and below 7250' are important in deter- know whether or not an evaluated site could
mining habitat suitability. For this elevational support reintroduced bighorn sheep and what

STEP 8.-If the PATREC model reveals
deficiencies, management may choose to
focus on each deficiency individually. The
Management Decision Flow Diagram guides
decision making in those instances.
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could be done in the event limiting factors
need attention.
CONCLUSIONS

Although efforts have been underway for
several decades to reestablish Rocky Mountain bighorn sheep to formerly occupied
ranges, many transplant efforts have failed.
In order for Utah, and other western states,
to have a more successful reintroduction program, a rigorous, biologically based habitat
assessment procedure has been devised.
It is hoped that this procedure will help
managers avoid "doomed-from-the-start" reintroductions and greatly enhance transplant
success.
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OBSERVATIONS ON THE DEVELOPMENTAL BIOLOGY
OF CICINDELA ARENICOLA RUMPP (COLEOPTERA: CICINDELIDAE)
Karen Lyn Bauerl
ABsTRACT.-Cicindela arenicola Rumpp is being considered for threatened and endangered status by the U.S. Fish
and Wildlife Service. Little is known about the developmental biology of this species.
Adults of C. arenicola were active from April through late June and late August through early November, but
generally they were not on the surface when temperatures were below 19 C or above 45 C, or when conditions were
windy, cloudy, or rainy. Mating and egg-laying occurred only dming the spring.
Five size classes (1-,2-,3-,4-, and 5-mm diameters) oflarval burrow openings were observed. Burrows of5 mm had
a mean depth of 42.23 ± 8.81 cm (1 S.D.). Larvae of C. arenicola were active from April through June and late
September through mid-November.
Developmental times and larval size were affected by food supplementation. Nearly all food-supplemented, I-mm,
first instars molted to larger second instars of3-mm diameter. Most nonsupplemented larvae spent several months as
2-mm second instars before growing to 3 mm in diameter. Food-supplemented larvae reached the third instar in
approximately 13 months, while nonsupplemented larvae took slightly over two years to reach this stage. Development
from egg to adult was estimated at two years for food-supplemented larvae and three and one-half to four years for
nonsupplemented larvae.
Cattle had a significant effect on larval mortality. Ahigh percentage (76-80%) oflarval C. arenicola that were stepped
on by cattle never reopened their burrows. Only 14% of undisturbed larvae never reopened their burrows. Approximately 15% of 150 larvae marked in 1988 reopened burrows in 1989.
Key words: tiger beetle, life cycle, food supplementation, mortality factors.

Eighty-five species of tiger beetles of the
genus Cicindela exist in the United States
(Boyd 1982). The adults of these species are
more readily studied than are the larvae; thus,
the majority of larvae are poorly known biologically.
One to several years are required for cicindelids to develop from egg through three larval instars to adult. Partial or complete life
cycles have been worked out for only a few of
the world's nearly 2000 described Cicindelidae (Willis 1967, Arnett 1963).
Most adult tiger beetles are diurnal predators that visually search for small arthropods
and other prey on the surface in open,
sparsely vegetated habitats. Sedentary tiger
beetle larvae, which construct vertical burrows in the substrate, position themselves at
the burrow entrance and wait for prey to pass
within striking distance.
Cicindela arenicola Rumpp (1967), a sanddwelling species, is being considered by the
U.S. Fish and Wildlife Service for rare and

endangered status. Little is known about
its developmental biology. This species has
been found in Idaho on the St. Anthony Sand
Dunes, the Bruneau Sand Dunes, a series
of sand dunes in Power County, and a few
other small dunes along the Snake River
Plain. The St. Anthony Sand Dune adult population is the largest (fewer than one million
individuals), and the population in Power
County is the second largest in the state (An~
derson 1989). C. arenicola is the only species
inhabiting the dunes in Power County.
Tiger beetle populations can be influenced
by such weather conditions as temperature,
moisture, wind, and cloud cover (Shelford
1908, Willis 1967, Knisley 1987, Mury Meyer
1987, Pearson and Lederhouse 1987). Availability oHood is a major factor limiting tiger
beetle development (Shelford 1908, Willis
1967, Palmer 1978, Palmer and Gorrick 1979,
Knisley and Pearson 1984, Pearson and Knisley 1985, Knisley and Juliano 1988).
The objectives of this study were to: (1)
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determine when the adults and larvae are
active, (2) describe the developmental biology
oflarvae and the length of the life cycle under
a supplemental food regimen and under natu~
ral conditions (no food supplementation), and
(3) determine hazards and mortality factors
for the populations.
MATERIALS AND METHODS

This study was conducted from May to
November 1988 and April to September 1989
in the Wapi area approximately 17 miles west
ofAmerican Falls, Power County, Idaho. The
study site (approximately 150 m X 50 m) consists of a series of wet sand dunes surrounded
by sagebrush. The sand is fine and"buff colored.
This region of Idaho is classified as a cold
desert with yearly precipitation averaging
10.42 inches. Droughts occurred in 1988 and
1989. Total precipitation during April through
October for 1988 and 1989 was 2.53 inches
and 4.34 inches, respectively, and was 4070% of the average expected precipitation for
these months (Climatological Data for Idaho
1988-1989). Average maximum ambient daytime temperatures ranged from 10-15 C in
April to 30-38 C in July and August. Temperatures on the surface of the dunes at midday ranged from 19 to 60 C during the study
period.
Vegetation on the dunes was sparse, prominent species being Elymus flavescens Scribn.
and Smith (yellow wild lye), Chrysothamnus
viscidifloms (Hook.) Nutt. (gray rabbitbrush),
Chrysothamnus nauseosus (Pall.) Britt. (green
rabbitbrush), Rumex venosus Pursh (wild begonia), Abronia mellifera DOllgl. (white sand
verbena), Oenothera pallida Lindl. (pale evening primrose), and Psoralea lanceolata Pursh
Oance-Ieaf scurf-pea). Monthly visual estimates of percentage of cover on portions of
the dunes supporting larval and adult
beetles were April, 4-6%; May, 7-9%; June,
15-17%; July, 15-20%; August, 11-15%;
September, 9-15%; and October, 6-10%.
On 23 May 1988, 100 burrows of larval C.
arenicola were marked by placing two surveyor's flags 8 in. apart with the larval burrow
centered between them. A labeled wooden
nursery tag was placed 2 in. from the burrow between the flags. Some burrows were
located within a few centimeters of yellow
wild rye culms, but usually they were not
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as close to other vegetation. Most larval bur~
rows were located on the flattened, bowlshaped portions of the dunes. Bunows of all
d~ameters (1, 2, 3, 4, and 5 mm) were monitored throughout the study. The larvae in
these bunows were not given supplemental
food. Clear plastic, 14-ounce cups were
placed over 33 larger burrows (4- and 5-mm
diameter) in mid-August 1988 to capture any
adult beetles as they emerged.
On 4 June 1988, 50 larval burrows, 1 mm in
diameter, were marked in the same manner
described above. These larvae were given
supplemental food, provided as first or second
instar larvae ofTenebrio molitor L. on the day
of initial marking and every time their burrows were open (but never more often than
twice each week). The Tenebrio larvae provided in this manner represented minimum
dietary intake, as the C. arenicola larvae may
have acquired additional prey on their own
during the study period.
Twice each week during the two seasons
(beginning in May 1988 and April 1989) the
burrow diameters of the food-supplemented
and nonsupplemented groups were measured
using a draftsman's circle template. Visits to
the sand dunes were made at 7- to 10-day
intervals during the hot, dry periods from July
through mid-August 1988.
In the 1989 season (April through July),
diameters of unmarked larval burrows were
measured approximately twice each week
during a 30-minute traversing of the study
site. Surface temperature, cloud cover, presence or absence of wind, and rainfall, if any,
were noted. A visual census of the number of
adult beetles present on the surface of the
study site was taken.
Twelve 5~mm~diameter larval burrows
were randomly chosen for depth measurements. Thin plaster was poured down each
burrow and allowed to harden. The next day
these burrows were excavated carefully and
measured for depth.
The Bureau of Land Management has jurisdiction over the open rangeland where this
study was conducted. Grazing is allowed, and
it is not uncommon for cattle to roam the
dunes in search of food when the available
resources in the sagebrush areas dwindle.
This usually occurs before the end of May. If a
marked larval bunowwas disturbed by cattle,
it was noted.
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Fig.!. Number ofadult C. arenicola observed on study site, 2 August-5 November 1988 and 15 April-30 July 1989.
Values were obtained by traversing the study site for 30 minutes twice weekly. Surface temperatures (OC) were taken at
midday.

RESULTS
ADULT ACTIVITY.-Adult C. arenicola were
active in the spring and fall on sunny, warm
(19-45 C) days and also after a rain shower
when the surface was moist. They burrowed
beneath the sand during windy, cloudy, or
cool (surface temperature below 19 C) conditions, or any combination of these. Adults
were also inactive when surface temperature
was above 45 C, unless clouds reduced radiant
heat from the sun (Fig. 1).
Adult beetles generally appeared on the
surface during the first or second week of
April when they fed, mated, and laid eggs on
warm, sunny days after the snow had melted.
Few, if any, adults remained by the fitst week
ofJuly, and usually none were seen in July and
August (Fig. 1). Beginning in late August or
early September, fall adults emerged, with
peak emergence near the end of September.
Adults fed but were not observed to mate
during the fall. Numbers ofadults on the surface gradually diminished through October,
and none were present by early November

(Fig. 1). They had burrowed beneath the sand
where they hibernated.
LARVAL ACTIVITY.-Five size classes (diameters) oflarval burrows were observed: 1, 2, 3,
4, and 5 mm. The 5-mm burrows had a mean
depth of 42. 23 ± 8.81cm (1 S.D.). Thenumber of active larval burrows increased during
April, peaked in May, and then declined
through June for all size classes except the
2-mm size class, which showed its highest
numbers during June (Fig. 2). Burrows were
rarely open from July through mid-September. During late September through October
some burrows were open, but fewer than in
the spring.
A chi-square test of association (Zar 1984)
was performed on the data for unmarked larval burrows, which were censused randomly
in 1989. The data forl5 April, 13 May, and 14
June were used. The null hypothesis (i. e., the
number of each size diameter of open larval
burrows of C. arenicola is independent of
the month in which they are measured) was
rejected. A X 2 value of 146.1 was calculated
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Results offood supplementation offifty I-mm C. arenicola larvae monitored during June-November 1988.
Number of times fed

Larval growth
No change
Increased one size class
Increased two size classes
Never reopened
TOTAL
-0

III

1

2

3

4

2(8%)

13(87%)

2(8%)
21(84%)
25

2(13%)

4(67%)
0
2(33%)
0
6

0
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1(50%)
0
2
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Fig. 2. Relative numbers oflarval burrows ofC. arenicola for five size classes existing at the study site,
April-June 1989. Values were obtained by traversing the
study site for 30 minutes twice weekly.

and compared to a table value ofl5.507 at IX =
.05 and 8°f.
OUTCOMES OF LARVAE.-Table 1 summarizes the results of food-supplemented larvae
of C. arenicola during 1988. Each larva was
categorized according to the number of times
it accepted supplemental food and the amount
of growth (increase in size class) observed.
Eighty-four percent of 1-mm-diameter larvae
that had one food supplement never reopened
their burrows in 1988 (Table 1). Some larvae
that had one to three food supplements
showed no change in size class, but all larvae
that received four or more food supplements
increased one or two size classes (Table 1).
Only three of the food-supplemented larvae
showed activity in 1989. Of these three, two
that received one or two supplemental feedings showed no increase in size, and one larva
that received three supplemental feedings increased from the 3-mm to the 4-mm size class.
Tables 2 and 3 summarize the results of
nonsupplemented larvae of C. arenicola.
Each larva was categorized according to its
size class and the amount of growth (increase
in size class) observed. Larvae ofl-mm diameter showed no change or did not reopen their

5
0
0
1 (100%)
0
1

9
0
0
1 (100%)
0
1

burrows after initial marking (Table 2). No
1-mm larvae reappeared in 1989 (Table 3).
During 1988, 23 of 100 nonsupplemented larvae never reopened their burrows, 33 showed
no change in size class, 26 increased one size
class, 7 increased two size classes, and 1
emerged as an adult. Also during 1988, 4 nonsupplemented larvae increased three to five
size classes, and 6 showed a decrease in size
class (Table 2). Occasionally, a few larval burrows had irregularly shaped entrances measuring 6-7 mm. Some returned to their former size in a few days. During 1989, 18 of the
100 nonsupplemented larvae marked in 1988
were active (burrows open); 2 of these larvae
opened their burrows one time only, 7
showed no change in size class, 8 increased
one size class, and 1 increased two size classes
(Table 3).
PROPOSED LIFE CYCLEs.-Life cycles of
C. arenicola were constructed for the foodsupplemented and nonsupplemented larvae
(Fig. 3). The proposed life cycle of two years
for food-supplemented larvae approximates
the minimum time required for development,
while the life cycle of three and one-half to
four years for nonsupplemented larvae approximates the maximum time required for
development from egg to adult.
CATILE ACTIVITY.-Contingency tables (Tables 4 and 5) were prepared regarding the
disturbance by cattle of burrows belonging to
food-supplemented and nonsupplemented
larvae ofC. arenicola and the reopening ofthe
larval burrows after disturbance. Chi-square
tests of association employing Yate's correc·
tion (Zar 1984) were performed to test the null
hypotheses (i. e., there is no significant association between the reopening of burrows belonging to food-supplemented [or nonsupplemented] larvae ofC. arenicola and whether or
not the burrows had been disturbed by cattle
previously). The null hypotheses were rejected in both cases, indicating that disturbance by cattle had a significant effect on the
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TABLE 2. Results of each size class of 100 nonsupplemented larvae of C. arenicola monitored during MayNovember 1988.
Size class oflarval burrows
Larval growth
No change
Increased one size class
Increased two size classes
Increased three to five size classes
Never reopened
Decreased in size class
Adult emerged
TOTAL

Imm
1 (33%)
0
0
0
2 (67%)
0
0
3

2mm
8 (23%)
11 (31%)
5(14%)
3 (9%)
8(23%)
0
0
35

TABLE 3. Results of surviving, nonsupplemented larvae of C. arenicola from 1988 monitored during AprilSeptember 1989.
Size class oflarval burrows
Larval growth
No change
Increased one
size class
Increased two
size classes
Never reopened
TOTAL

2mm
0
0

3mm
4mm
5mm
1 (50%) 5 (38%) 1 (50%)
8 (62%) 0

0

1 (100%) 0
0
1 (50%) 0
0
1
2
13

0
1 (50%)
2

3mm
4 (14%)
10 (34%)
1 (3.5%)
1(3.5%)
9 (31%)
4 (14%)
0
29

4mm
20 (63%)
5 (16%)
1 (3%)
0
3 (9%)
2(6%)
1 (3%)
32

5mm
0
0
0
0
1 (100%)
0
0
1

TABLE 5. Summary of the reappearance of burrows of
nonsupplemented larvae of C. arenicola related to cattle
disturbance."
Nonsupplemented larvae
(all size classes)
Disturbed
Never
reopened
35
Reopened
9
TOTALS
44
"x2 ~ 42.81, ex ~ .05, 1 d.f.

Undisturbed

Totals

8

43
57
100

48
56

DISCUSSION AND CONCLUSIONS
TABLE 4. Summary of the reappearance of burrows of
food-supplemented larvae of C. arenicola related to cattle
disturbance."
Supplemented larvae (1 mm)
Disturbed
Never
reopened
22
Reopened
7
TOTALS
29
"x2 = 18.56, ex = .05, 1 d.f.

Undisturbed

Totals

3

25
25
50

18
21

reopening oflarval burrows. Seventy~sixpercent of food-supplemented larvae and 80% of
nonsupplemented larvae disturbed by cattle
never reopened their burrows. Fourteen percent oflarvae that were undisturbed by cattle
never reopened their burrows independent of
whether larvae were food~supplemented or
nonsupplemented (Tables 4 and 5).
It should be noted that two of the seven
food~supplemented larvae. that reopened
their burrows after being disturbed did not
reopen their burrows after one more disturbance by cattle.

ADULT ACTIVITY.-Cicindela arenicola follows seasonality patterns similar to those described for C. repanda Dej., C. formosa Say,
and C. scutellaris Say (Knisley 1979). Typi~
cally, adults that emerged during the previous
fall and spent the winter hibernating appear
on the surface in April and are joined in the
next several weeks by spring adults, which
emerge for the first time. The spring and fall
adults mature sexually, mate, and lay eggs
that hatch in two to three weeks. Most of the
adults die by early July. Pupae that develop
during late summer produce the fall adults,
and these emerge in late August and are active
during September and October until they dig
burrows for hibernation (Fig. 1).
The early spring peak in adults for April
1989 (Fig. 1) may represent fall adults from
1988 that had emerged from hibernation. The
second peak in late May probably indicates
the time of emergence of spring adults from
overwintered pupae. However, Shelford
(1908) reports that populations of older individuals of C. hirticollis Say gradually died off
as the new individuals emerged, so tllat the
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48.9 C, a minimum thoracic temperature of
14.4-2L2 C, and optimum foraging temperatures of30.2-37.2 C. Observations of surface
activity recorded for adult C. arenicola corresponded with their results, considering that
C. arenicola may be active at cooler surface
temperatures on sunny days and at higher
surface temperatures on partly cloudy days.
Cicindela arenicola was never observed to
mate dUling the fall. Shelford (1908) reported
that no female C. hirticollis contained eggs in
the fall and that they were never seen copulating. Furthermore, hibernating species do not
reach sexual maturity in autumn. Theoretically, larvae hatched from eggs laid in the fall
would not be able to obtain enough food to
store energy necessary to survive winter con"
ditions. Adult tiger beetles typically reach
sexual maturity in the spring and copulate on
warm, sunny days.
LARVAL ACTIVITY: SIZE CLASSEs.-All tiger
beetles of the genus Cicindela that have been
studied exhibit three instars, the same being
presumed for C. arenicola (Rumpp 1967).
Burrow diameter is an indication of instar be~
cause the diameter is nearly the same size
as the prothorax and head width of the
Fig. 3. Proposed life cycles for food-supplemented and
larva
(Willis 1967, Knisley and Pearson 1984,
nonsupplemented larvae of C. arenicola. (A = adult, 0 =
oviposition, lL = first instar, 2L = second instar, 3L = Knisley 1987). Exact instar can be distinthird instar, P = pupa, ---- = hibernation, __ = active guished if the species is known.
larvae.) Numbers in parentheses after instars indjcate
Tiger beetle larvae enlarge their burrows
diameters (mm) oflarval burrows.
with each molt. Shelford (1908) reported that
newly molted second instar larvae of Cicinpresence of the younger beetles cannot be dela possessed abdomens similar in size to late
detected by population increase. This sug~ first instar larvae. Newly molted larvae have
gests that the major peak observed in May wrinkled abdominal cuticula; thus, room for
1989 represents a majority of spring adults growth is allowed. Palmer (1978) proposed
and fewer fall adults, many of which had that larvae may not molt until a certain
mated, laid eggs, and begun to die.
threshold body weight is reached. Although
The data in Figure 1 show that the majority the results were inconclusive, Palmer and
offall adult C. arenicola emerged during Sep" Gorrick (1979) suggested that some larvae
tember. Minor peaks and sharp declines in may molt at higher body weights and others at
the numbers of adult tiger beetles were prob- lower body weights in relation to the abunably the result of adverse weather conditions. dance and/or regularity of food. Molting is
Tiger beetles dug temporary burrows in indicated by an increase in burrow diameter
response to very cool or very hot surface tem- preceded by a period ofplugging (Willis 1967,
peratures, or cloudy, rainy, or windy condi- Knisley 1987).
Five distinct diameters of larval burrows
tions. Willis (1967) and Pearson and Leder~
house (1987) reported similar effects of were observed for C. arenicola, but this pat~
weather upon Cicindela species. Pearson and tern probably indicates size variation within
Lederhouse (1987), who studied the thermal the three larval instars, not five instars for this
ecology of 13 species of southwestern U.S. species. Usually, periods ofplugging were not
adult tiger beetles, reported a lethal (LTso ) observed between the 2"mm and 3-mm size
maximum thoracic temperature of 47.2- classes or the 4-mm and 5-mm size classes of
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larval burrows. Plugging, followed by increases in burrow diameter, was observed
between the I-mm and 2-3-mm size classes,
and the 3-mm and 4-5-mm size classes, indicating that molting probably occurred between these stages. Width of prothorax, by
instar, for 12 species of Cicindela was reported by Shelford (1908). Collectively, the
12 species had pronotal width ranges of
0.7-1. 75 mm (x = 1.21 mm) for first instar
larvae, 1.3-3 mm (x = 1.90 mm) for second
instars, and 1.8-5 mm (x = 3.18 mm) for third
instars. Excluding the 1.8-mm width for third
instars, the pronotal widths were generally
3.5-4.5 mm for most species at the third instar stage. It can be concluded that the I-mm
size class corresponds to the first instar, the
2-mm and3-mm size classes to second instars,
and the 4-mm and 5-mm size classes to third
instars for larval C. arenicola.
BURROW DEPTH.-Burrow depth is related
to a variety of factors such as type of soil,
temperature, proximity to ground water, species, and instar (Shelford 1908, Willi~ 1967,
Knisley 1987). Larvae of sand-dwelling species usually have deeper burrows than species
living in other habitats (Shelford 1908, Knisley 1987). Rumpp (1967) reported burrow
depths of 15 cm for full-grown larvae of
C. arenicola. In this study, 5-mm third instar
larvae of C. arenicola were shown to have a
burrow depth of42.23 ± 8.81 cm. This compares favorably with the burrow depths of
15-20 cm, 30-50 cm, and 60-90 cm reported
by Shelford (1908) for other sand-dwelling
species. Sand becomes very dry several
inches below the surface during the summer
and especially during droughts. Deeper burrows allow larvae to escape desiccation and
retreat to moister areas and cooler temperatures (Knisley 1987). Larvae dig deeper burrows with each successive molt. At this study
site sand temperatures 30 cm or more below
the surface were fairly constant (24-27 C).
NUMBERS OF LARVAL BURROWS.-Many tiger
beetle larvae exhibit unimodal or bimodal
(spring-fall) activity and are usually active
earlier and later in the season than are the
adults (Willis 1967, Knisley 1987, Mury
Meyer 1987). Larval C. arenicola showed bimodal activity. The larval burrows appeared
early in April, probably in response to warmer
temperatures and surface moisture. Numbers
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of larval burrows increased through May,
then declined during June as temperatures
became much warmer, the sand dlied out
near the surface, and food became scarce. No
larval burrows were observed in July because
the larvae plugged their burrows during the
hot, dry conditions. Burrow plugging has
been correlated with periods of drought
(Shelford 1908, Willis 1967, Knisley and Pearson 1984, Knisley 1987). Cicindelid larvae of
spring-fall species may estivate during the
hottest months ofsummer (Shelford 1908) and
then reopen in the autumn when they resume
feeding.
Unlike the other size classes, the 2-mm size
class showed its highest numbers in June
rather than May (Fig. 2). Some ofthese larvae
may have overwintered from the previous
year while others may have molted recently
from the I-mm to the 2-mm size class. Therefore, at least two generations of C. arenicola
may be represented here.
The number ofeach size class ofopen larval
burrows of C. arenicola is dependent upon
the month in which the burrows were censused and measured, as was suggested by a
chi-square test ofassociation. Moisture (snowmelt) would be ample in April, and when
combined with mild temperatures, some larvae would appear at the tops of their burrows.
In May the amount of moisture might be
slightly less, but with wanner temperatures,
many more larvae would surface. By the end
ofJune moisture near the soil surface is diminishing considerably and the temperatures
become hot, resulting in most larvae closing
their burrows, then retreating to the bottom
where they spend the summer months.
OUTCOMES OF LARVAE.-Availability offood
may be the limiting factor controlling tiger
beetle development (Knisley and Juliano
1988). Lack of sufficient food has been reported to increase the developmental time
of larval instars (Shelford 1908, Willis 1967,
Knisley and Pearson 1984, Pearson and Knisley 1985, Knisley and Juliano 1988). Supplemental food decreases developmental time
(Palmer 1978, Palmer and Gorrick, 1979,
Knisley and Pearson 1984, Pearson and Knisley 1985, Knisley and Juliano 1988). In a comparison offood-supplemented and nonsupplemented larvae of C. arenicola, supplemental
food decreased the time required for development, especially from first to second instar.
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The high mortality shown by a majority of
food-supplemented larvae that received only
one feeding may have resulted from lack of
sufficient food and/or desiccation, as first instar burrows are not usually very deep. If
subjected to high temperatures, small larvae
are unable to retreat into their burrows to
much cooler depths as large instars can.
Most larvae that were fed two or three
times did not show an increase in size class,
suggesting that they must have obtained
enough food to survive but not to store the
energy to molt. Larvae fed four or more times
increased one, and usually two, size classes,
implying that they probably had obtained sufficient food to grow and molt to a larger size.
Willis (1967) reported that only one meal of
sufficient size is required for first instar larvae
to molt, and that second and third instars need
several meals to accomplish the same. Evidently, for most surviving I-mm larvae of
C. arenicola, one small Tenebrio larva was not
sufficient to allow molting to occur. However,
if tiger beetle larvae obtained several Tenebrio larvae (in addition to food they captured
independently), nearly all were able to skip
the 2-mm size class and molt to become 3-mm
larvae.
Most nonsupplemented larvae generally
passed through all five size classes and did not
skip sizes as their better-fed counterparts did.
Mortality was substantial for first instars and
somewhat less substantial for the 2- and 3-mm
size classes. Desiccation may have accounted
for some of the mortality seen for first instars,
but lack offood was probably the major cause
for most of the mortality incurred by the 1-,
2-, and 3-mm size classes.
Many larvae did not change size classes
from April through October, indicating that
the larvae were probably not capturing
enough food to grow or molt. This trend was
seen for many 4-mm larvae. The length of
time spent as a third instar larva can range
from several months to a few years (Shelford
1908, Willis 1967); therefore, it may not have
been unusual for 4-mm (third instar) larvae of
C. arenicola to remain the same size throughout an entire year.
Nonsupplemented larvae that increased in
size usually graduated one size class. Fewer
larvae increased two size classes at a time.
Most of these larvae probably captured suffi-
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cient food to grow' and molt, while a few of
them captured enough food to skip a size class
and molt at a larger size.
Occasionally, larvae showed increases of
three to five size classes. This could have been
the result oferosion ofthe bun'ow entrance or
predators in search offood. Peculiar digging,
perhaps that of small rodents, was observed
where larval C. arenicola were located. Those
larval burrows showing decreases in size
could have been partially plugged when they
were measured, or the original larvae might
have died and new larvae hatched from eggs
laid there coincidentally.
Some 4-mm larvae emerged as adults and
were captured under plastic cups placed over
their closed burrows in late August. Many of
the 4-mm larvae that never reopened their
burrows may have emerged as adults but were
not caught. Most tiger beetles dig side chambers where they pupate, and the adults do not
necessarily emerge along the old larval burrow (Willis 1967). The diameter ofplastic cups
placed over the larger burrows may not have
been sufficient to capture all emerging adults.
PROPOSED LIFE CYCLEs.-Rumpp (1967)
predicted that the life cycle of C. arenicola
might be similar to the two-year cycle developed by Shelford (1908) for C. hirticollis, a
sand-dwelling species with a similar seasonality pattern. Knisley (1987) reported a two- to
three-year life cycle for a population of Cicindela marutha Dow existing on one sand ridge
and a three- to four-year life cycle for this
same species on another sand ridge. His observations suggest that variability in the
length of the life cycle is possible within a
species.
Two years appears to be near the minimum
developmental time required for food-supplemented C. arenicola. Food-supplemented
larvae probably could not have been supplemented with food much more often than they
were during the experimental period because
the larvae plugged their burrows during hot,
dry conditions. Nonsupplemented C. arenicola may take three and one-half to four years
to develop from egg to adult, depending upon
the abundance of food on the sand dunes.
Under natural conditions, a life cycle of at
least three years probably would be observed
because food tends to be scarce in sand dune
habitats.
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The life cycle of C. arenicola may be vari~
able and overlapping for several generations
(i. e., second instar larvae may have reached
this stage in anyone of three years, making
it impossible to tell which year the egg was
laid that developed into a p::lrticular 2-mm or
3-mm larva). Abundance curves have been
used as an indicator of the length of the life
cycle for other cicindelid species (Knisley
et al. 1987). Caution must be exercised in
situations involving overlapping generations
to reduce the possibility that more than one
generation unknowingly is being monitored
simultaneously. One way to do this would be
to mark and monitor only first instar larvae
through their full development.
CATTLE ACTIVITY.-Willis (1967) reported
that cicindelids are usually absent from areas
where frequent or prolonged disturbance by
man or cattle occurs, although larvae are able
to tolerate some amount of disturbance such
as cattle walking.
Knisley et al. (1987) attributed increased
vehicular traffic as a cause of a dramatic decline in populations ofC. d. dorsalis subjected
to such disturbances. Beetles were present
where human activity was low and vehicles
were restricted, but no beetles were present
where off~road-vehicletraffic was heavy.
When cattle disturbed (stepped upon) larval burrows of C. arenicola once, most of the
burrows never reopened. Size class and feeding status made no difference. Further disturbance caused most larvae to disappear. In
contrast, Significantly fewer larvae that were
never disturbed by cattle never reopened
their burrows. Again, size class and feeding
status made nO difference.
Because C. arenicola has a relatively long
life cycle, the chance of disturbance is high in
the presence of cattle. Many larvae, limited
by availability of food, spend time at the tops
of their burrows in order to catch prey. If
disturbed at this time, the larvae are most
certainly in danger of being crushed, especially because cattle sink several inches into
the sand when tlley walk on it. Cattle were
present on the dunes from the third week of
May through the middle or end ofSeptember,
when the BLM required them to be removed.
The feeding periods of larval C. arenicola coincided with cattle activity on the dunes.
Suitable habitat may be reduced by frequent disturbance, and when natural mortal-

ity factors are considered, populations could
be reduced to the point of extinction (Knisley
et al. 1987). However, because C. arenicola
lives in ever-changing sand dune habitats, disturbance of the surface may be important in
preventing overgrowth of plants or invasion
by others. Ironically, cattle impact, which appears to be so damaging to individual larval
C. arenicola, may be providing suitable habitat for these beetles as a species.
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TREE SIZE AND UNDERSTORY PHYTOMASS PRODUCTION
IN A WESTERN JUNIPER WOODLAND
Milda R. Vaitkus l •2 and Lee E. Eddleman l
ABSTRACT.-Understory phytomass production in a western juniper (Juniperus occidentalis) woodland was examined relative to tree size in central Oregon in 1983 and 1984. Vegetation was sampled in two zones, the canopy zone
(beneath the canopy) and the intercanopy zone (the space between canopies), on two adjacent sites-a lower slope site
with shallow soil and an upper slope site with deeper soil. Sampling was stratified into three tree size classes. Individual
species production was significantly affected by tree size and location relative to tree canopy. Production ofbottlebrush
squirreltail, bluebunch wheatgrass, cheatgrass, miscellaneous annual grasses, perennial forbs, and annual forbs '
increased with increasing tree size. Sandberg bluegrass production was greater in the intercanopy than the canopy
zone, while production of bottlebrush squirreltail, hluebunch wheatgrass, miscellaneous annual grasses, and both
perennial and annual forbs was greater in the canopy zone. Production ofcheatgrass was determined by the interaction
of tree size and zone. Phytomass relationships were expressed to a greater degree on the upper slope site, where total
production exceeded that of the lower slope site by apprOXimately 50% the second year of the study.
Individual trees appear to exert a great influence on associated vegetation as western juniper woodlands progress
from the seedling (tree establishment) phase to closed stands ofmature trees. Original community dominants appear to
be spatially segregated beneath tree canopies and associated with large trees, while formerly less common species, such
as cheatgrass, come to dominate the entire site.

Key words: Juniperus occidentalis, westemjuniper, phytomass production, understory, tree size.

Western juniper (Juniperus occidentalis
Hook. , subsp. occidentalis) was historically
associated with desert-grassland vegetation
and primarily occurred in open stands, on
plateaus, or on edges ofponderosa pine (Pinus
ponderosa) forests (Sowder and Mowat 1958).
A dramatic increase in establishment and density of western juniper in much of the Intermountain West seems to have occurred in the
late 1800s and early 1900s (Burkhardt and
Tisdale 1969, Adams 1975, Young and Evans
1981). Western ·juniper woodlands are presently concentrated in central and eastern Oregon,with extensions into northern California,
northern Nevada, southwestern Idaho, and
eastern Washington (Dealy et al. 1978). Expansion ofwestern juniper into sites originally
dominated by mountain big sagebrush (Artemisia tridentata spp. vaseyana) and perennial
bunchgrasses in southwestern Idaho was
found to be directly related to cessation ofnre
(Burkhardt and Tisdale 1976). Overgrazing
has also been proposed as a factor contributing
to increased western juniper density (Dealy
et al. 1978).

Effects of increased western juniper frequency and denSity on associated vegetation
are poorly understood. In pinyon-juniper
woodlands, increases in frequency and density of trees have been shown to reduce the
quantity and diversity of associated species
(Dwyer 1975). Pinyon and juniper begin to
exert their influence over the understory at
the stage of community development characterized by an abundance of seedlings and
saplings, and a few vigorous, mature trees
(Blackburn and Tueller 1970). In 60-70 years,
although height of trees at this point is only
double that of shrubs, understory species decline at an increasingly rapid rate. As tree
density increases, the understory is yet further reduced (Blackburn and Tueller 1970,
Dwyer 1975, West et al. 1979, Tausch et al.
1981, Schott and Pieper 1985). Seed reserves
of primary understory species decline and
species diversity decreases (Koniak and Everett 1982).
Spatial patterns of understory vegetation
may also develop beneath individual woodland trees. Patterns of plant cover relative to

IDcpartmentofRangeland Resources, Oregon State University. Corvallis. Oregon 97331.
2Prcsent address: Savannah River Ecology Laboratory, Dmwer E, Aiken, South Carolina 29802.
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distance from the bole have been found for
singleleaf pinyon (Pinus monophylla), Utah
juniper (Juniperus osteosperma) (Everett and
Koniak 1981), and one-seed juniper (Juniperus monosperma) trees (Arnold 1964). Such
patterns may vary with tree size, as found by
Everett et al. (1983) in singleleafpinyon-Utah
juniper stands.
Climax stands of western juniper contain
trees of mixed ages, ranging from first-year
seedlings to trees several hundred years old,
with most individuals in an intermediate age
class (Burkhardt and Tisdale 1969). Seral
stands are usually composed ofpredominantly
younger age classes with a maximum age of
nearly 100 years. Personal observations, as
well as data from Driscoll (1964), suggest that
as western juniper stands· increase in age,
size, and density, understory production is
reduced and species composition changes.
This vegetation suppression by western juniper at particular stages of woodland development has not been closely examined.
This study was begun to determine the relationship between individual trees of various
sizes (ages) and the phytomass production of
associated vegetation beneath and immediately adjacent to the canopy. Specifically,
we wanted to identify phytomass production
patterns of associated vegetation relative to
western juniper tree size and location within
seral stands.
METHODS

The study area is located 8.8 km southeast
of Prineville in central Oregon, on a gentle
north-northwest-facing slope. Long-term precipitation in Prineville (elevation 868 m), the
nearest recording station, averages 254 mm
annually, 89% of which occurs from October
to June.
The area is representative of the Juniper
Zone described by Driscoll (1964) and is characterized by the dominance of western juniper and associated shrubby vegetation, most
commonly Wyoming big sagebrush (Artemisia tridentata ssp. wyomingensis), mountain big sagebrush (Artemisia tridentata ssp.
vaseyana), and scattered low sagebrush (Artemisia arbuscula). Native perennial grasses
include Idaho fescue (Festuca idahoensis),
bottlebrush squirreltail (Sitanion hystrix),
bearded bluebunch wheatgrass (Agropyron

237

spicatum), and Sandberg bluegrass (Poa sandbergii). Cheatgrass brome (Bromustectorum)
and many forbs, both annual and perennial,
comprise the remainder of the herbaceous
component.
The study area showed no evidence of fire
in the last 100 years and had been used for
much of the past decade as pasture, grazed
heavily during the winter and early spring.
Mixed tree size classes (Burkhardt and Tisdale
1969), continuing recruitment of western
juniper seedlings, the presence of locally
isolated areas ofvigorous bunchgrasses, along
with soil characteristics, indicated the area
was at an early to mid-seral successional
phase.
Study sites at two elevations were selected
in this area---one at an elevation of approximately 1140 m and another at 1220 m. Precip~
itation on each site was measured with U.S.
Forest Service rain gauges. Lower site soils
were relatively shallow (330 mm), clayey,
mesic Aridic Durixerolls, while upper site
soils were moderately deep (740 mm), clayeyskeletal, frigid Pachic Argixerolls. The soils,
vegetation, fire, and grazing history are typical of the western juniper communities on
soils of basaltic origin described by Driscoll
(1964). Canopy cover of western juniper, detennined using the line-intercept method
(Canfield 1941), was 21% on the lower site and
approximately 40% on the upper site.
On each site an area representative of general woodland conditions (i. e., tree size and
density) was identified and a 50 X 40-m plot
arbitrarily placed within it. In each plot all
trees were inventoried as to height and
canopy diameter and then separated into
three canopy diameter size classes-small
(1-3 m), intermediate (3-5 m), and large (5-9
m), corresponding to approximate average
ages (determined from core samples) of 40,
55, and 75 years, respectively. From each of
these three canopy size classes, five trees
without overlapping canopies were randomly
selected for sampling.
During June and July in both 1983 and
1984, phytomass production in the herbaceous layer was measured. The five individual
trees within each size class were used as replications. Production was determined on an
individual tree basis by clipping vegetation
to ground level in small plots along transects
corresponding to the cardinal directions.
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g/m2 in 1983 and 18.3 g/m2 in 1984. Sandberg
bluegrass, bottlebrush squirreltail, cheatgrass, and annual forb production comprised
the greatest part of this production on the
lower slope site. Production of these individual species was significantly greater in 1983
than in 1984 (Fig. 1).
On the upper slope site, total production
was 42.4 g/m2 in 1983 and 36.2 g/m2 in 1984
and showed no between-year differences or
interactions (Table 2). Species contributing
most to total production on the upper slope.
site were Sandberg bluegrass, Idaho fescue,
and perennial and annual forb's. In contrast to
the lower slope site, only miscellaneous annual grasses and annual forbs showed any
year~to-year differences (Fig. 1); both had
significantly greater production in 1984 than
in 1983.
Other relationships on both sites were con~
founded by interactions between main effects
(Tables 1, 2). Perennial forb and total produc~
tion showed significant year~by-size interactions on the lower slope site, while cheatgrass
production on the upper slope site had a significant year-by~zone interaction. Because of
these interactions and between-year' differences in precipitation patterns, we analyzed
data by individual years to examine the main
effects of tree size and zone.
Tree size had a significant effect on the
phytomass production of individual species
on both sites (Tables 1, 2). On the lower slope
site, production of bottlebrush squirreltail
(1983) and perennial forbs (both years) was
significantly greater associated with large
trees than with small trees (Fig.. 2). On the
RESULTS
upper slope site, production of bottlebrush
In 1983 and 1984 total precipitation at squirreltail (1983), bluebunch wheatgrass
Prineville, Oregon, was above the 30-year (1983), cheatgrass (1983), miscellaneous an~
average, with precipi.tation on the study sites nual grasses (both years), perennial forbs
even higher. On-site precipitation from Octo~ (both years), and annual forbs (1983) was
bel' to June was 420 mm and 480 mm on the greater associated with large than small trees
lower site and 454 mm and 494 mm on the (Fig. 3). These relationships were reflected in
upper site for 1983 and 1984, respectively. significantly greater total production associThis compared with 235 mm for the 30-year ated with large than with intermediate and
small trees in 1984 (data not shown).
average at Prineville during the same period.
Production on both sites showed significant
Location relative to the tree canopy also
between-year differences, as well as year-by- significantly affected production on both
size and yeapby-zone interaCtions (Tables 1, sites (Tables 1, 2). On the lower slope site
2). There were no three-way (year-by~size-by- . (Table 1) tllere were significant differences in
zone) interactions. Total production on the production between canopy and intercanopy
lower slope site, which showed a significant zones for Sandberg bluegrass (both years),
year~by~size interaction (Table 1), was 38.9
bottlebrush squirreltail (1983), bluebunch

Each transect was established within a 90~
degree quadrant radiating from the bole ofthe
tree and extending at least 1. 2 m beyond the
edge ofthe canopy. Samples were designated
into two zones: the canopy zone (from the bole
.outward to the edge of the canopy) and the
intercanopy zone (the area beyond the edge
of the crown extending into the open space
between tree canopies). Because each interstitial area was of different size and configuration, the intercanopy zone was restricted to an
area immediately adjacent to an individual
tree's canopy, Plot number and size varied
with tree size to insure sampling at least 10%
of each of these zones (n = 2 to n = 7; 20 x
20-cm to 50 x 60~cm plots). Samples were
dried at 100 C for 24 hours and weighed.
Productivity comparisons were made on the
basis ofgrams of dry matter per square meter.
Data was log-transformed to stabilize variance, and a split~split-plot analysis ofvariance
was used. Main plots were years (1983, 1984)
and tree size (small, intermediate, large).
Subplots were zones (canopy, intercanopy),
and sub-subplots were quadrants (not ad~
dressed in this paper). Where interactions
were not significant, main effects means were
separated using Tukey's w-procedure at P :5
.05 (Steel and Torrie 1980). When interac~
tions were significant, multiple comparisons
were made by computing an adjusted com~
parison-wide probability using the Bonferroni
inequality (Miller 1986). All analyses were
performed using the Statistical Analysis Sys~
tern (SAS Inc. 1988).
.

1991]

239

WESTERN JUNIPER WOODLAND PHYTOMASS PRODUCTION

TABLE 1. ANOVA results oflog-transformed mean phytomass production on the lower slope site.

1983
Species
Sandberg bluegrass
Bottlebrush squirreltail
Bluebunch wheatgrass
Cheatgrass
Misc. annual grasses
Perennial Forbs
Annual Forbs
Sagebrush
Total

Year

Year X
Size

Year X
Zone

. *
**

Size

*

**

*

**

**

::I:

Zone

Size X
Zone

**
**
**
**

**

**

**

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

TABLE 2. ANOVA results oflog-transforrp.ed mean phytomass production on the upper slope site.

1983
Species
Sandberg bluegrass
Idaho fescue
Bottlebrush squirreltail
Bluebunch wheatgrass
Cheatgrass
Misc. annual grasses
Perennial Forbs
Annual Forbs
Sagebrush
Total

Year

Year X
Size

Year X
Zone

Size

Zone

1984
Size X
Zone

Size

**

**

**

**

**
**
**
**
**
**
*

Zone

size X
Zone

**

**

**

**

**

**

**
**
**

**
*
**
**

**

**
*

*

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

wheatgrass (both years), and annual forbs
(1984). On the upper slope site (Table 2)
Sandberg bluegrass (both years), bottlebrush
squirreltail (1983), cheatgrass (1983), miscellaneous annual grass (1984), perennial forb
(both years), and annual forb (1984) production differed significantly between zones.
All species, with the exception of Sandberg
bluegrass, had significantly greater production in the canopy than the intercanopy zone
(Figs. 4, 5). Sandberg bluegrass production
was greater in the intercanopy than in the
canopy zone.
Interaction between tree size and zone
affected the production of several species
(Tables 1, 2). Cheatgrass production on both
sites was closely tied to both tree size and
zone. The interaction of size and zone was
significant both years on the lower slope site
and in 1984 on the upper site. On the lower

slope site cheatgrass production in the canopy
of large trees was greater than production as~
sociated with small and intermediate trees.
On the upper slope site production of cheatgrass in both zones was greater associated
with large and intermediate trees than with
small trees. Bottlebrush squirreltail produc~
tion also showed Significant interaction be~
tween size and zone. On both sites (1984)
bottlebrush squirreltail canopy production
was greater associated with large and intermediate trees th~ with small trees. These spe~
cies may have contributed to significantly
greater total production in the canopy zone of
large versus small and intermediate trees in
1984 on the lower slope site (data not shown).
Sagebrush production on the upper slope site
in 1983 also showed a Significant tree size~by- .
zone interaction (Table 2). Production of sage~
brush was greater in the canopy of large than
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Fig. 1. Mean phytomass production (glm 2) for each species in 1983 and 1984 on the lower slope and upper slope
sites. Vertical error bars represent the 95% confidence intervals of the means. (* indicates a significant difference
between years at p < .OS, - indicates a significant year-by-size or year-by-zone interaction, p < .05.)

in small and intermediate trees, and in the
intercanopy of large and intermediate than
in small trees.
DISCUSSION

In this study we found that phytomass pro~
duction was influenced by both tree size and
zone (location relative to the tree canopy).
Tree size significantly affected production of
most species, especially on the upper slope
site (Fig. 3). :Bottlebrush squirreltail, bluebunch wheatgi'ass, cheatgrass, miscellaneous
annual grass, and perennial and annual forb
production increased as tree size increased.
Sandberg bluegrass production, on the other
hand, showed no relationship to tree size.
In community level studies, influences of
increasing tree size have been found to negatively impact production of associated vegetation. West et al. (1979), working in singleleafpinyon-Utah juniper communities, found
that as tree size increased, understory bio~
mass declined. Blackburn and Tueller (1970)
found a reduction in the number of species
present in a black sagebrush (Artemisia nova)
community as pinyon and Utah juniper in~
creased 'in size and density. Everett et al.
(1983) discovered similar negative species-

specific responses to tree size in singleleaf
pinyon-Utah juniper communities. In these
studies an increase in tree size resulted in
greater competition between trees and un~
derstory vegetation, with trees outcompeting
other species. Conversely, in our study large
trees had a positive influence on associated
vegetation. On our study site large trees
appeared to act as "refuges" for most species,
with greatest production associated with the
largest tree size.
This importance of microsite in determining species' distribution and production was
also reflected in zone relationships. Lower
light levels and temperatures, higher humidity, and, possibly, greater nutrient concentrations in the canopy zone (Doescher et al. 1987)
favored production of bottlebrush squirreltail, bluebunch wheatgrass, cheatgrass, miscellaneous annual grasses, and perennial
forbs. Sandberg bluegrass production was
always greater in the drier, warmer intercanopy zone. These patterns of individual
species production relative to tree canopy are
not unique to western juniper. Singleleaf
pinyon (Pinyon monophylla) and Utah juniper (Juniperus osteosperma) understory plant
cover (Everett and Koniak 1981) and one-seed
juniper (Juniperus monophylla) understory
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p<.05.)

production (Arnold 1964) were found to occur combination with warmer and drier condiin species-specific patterns, dependent upon tions, supported more squirreltail and cheatdistance from the bole of the tree.
grass. Proximity to a water source may have
Composition differences in understory also resulted in heavier grazing pressure on
species betweep. the upper and lower site the lower site. Idaho fescue, on the other
may be traced to differences in elevation, the hand, was found only on the upper slope site.
original plant community, soil depth, and~
Total production tended to be greater and
perhaps, long-term grazing. The upper site less variable on the upper than on the lower
also appears to receive slightly more October site. Year-to-year differences in precipitation
through June precipitation and may be cooler patterns may affect species production more
during the growing season (personal observa- on the lower slope site, where soil depth pretion). The shallower soils of the lower site, in .eludes much storage ofsoil moisture.
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Fig. 5. Mean phytomass prodilction (g/m2) of the
canopy and intercanopy zones in 1983 and 1984 on the
upper slope site. Vertical error bars represent the 95%
confidence intervals of the means. (* indicates a signifi~
cant difference between zones at p < .05, - indicates a
significant zone~by~size interaction, p < .05.)

Spatial and tree size relationships observed
in this study indicate the significant role
microenvironments play in species distribu~
tion and production. As individual trees in~
crease in size (or as western juniper communi~
ties progress from tree invasion to closed
sta,nds), they exert a greater influence on asso~
ciated vegetation. Original community dominants appear to become spatially segregated
beneath tree canopies of large trees, while
less common species, such as cheatgrass, in~
crease across the entire site.
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PHYSICAL CHARACTERISTICS OF BLUE GROUSE
WINTER USE-TREES AND ROOST SITES
Peter J. Pekins 1, Frederick G. Lindzey', and James A. Gessaman3
ABSTRACT.-Physical characteristics ofwinter use-trees and roost sites ofBlue Grouse (Dendragapus obscurus) were
studied in northeastern Utah. Blue Grouse selectively roosted in the largest Douglas-fir (Pseudotsliga menziesii) trees
during the day and subalpine fir (Abies lasiocarpa) trees at night. Diurnal and nocturnal roosts were typically adjacent
to tree trunks in the lower two-thirds oftrees. Nocturnal roosts prOVided greater canopy and denser shelter than diurnal
roosts. Roost site selection was consistent with occupation offavorable microhabitat, particularly at night, and foraging
strategy during the day. Timber management strategies should perpetuate large trees within Douglas-fir-subalpine fir
habitat in areas occupied by wintering Blue Grouse.
Key words: Abies lasiocarpa, Blue Grouse, Dendragapus obscurus, Douglas-fir, Pseudotsuga menzeisii, roost sites,
subalpine fir, winter habitat.

Winter habitat of Blue Grouse in the intermountain region consists of snowbound open
stands of conifers on moderately steep to
steep upper slopes and ridgetops (Marshall
1946, Cade 1985, Stauffer and Peterson 1985).
Douglas-fir is the dominant winter food and
may constitute as much as 95% of 'the diet
(Beer 1943, Stewart 1944, Marshall 1946); selectivity for Douglas-fir has been documented
from use-availability measures (Cade 1985,
Stauffer and Peterson 1986). Douglas-fir sites
used most frequently have 45-55% tree cover
and are dominated by "wolf' trees (Stauffer
1983, Cade 1985), which are uniquely large
with atypical shapes and dense foliage.
Blue Grouse winter habitat relationships
are usually described in terms of food habits,
although other factors are likely involved.
Trees used for diurnal roost sites may be chosen for a favorable microclimate in addition to
food (Stauffer 1983, Cade 1985). Presumably,
the selection of nocturnal use-trees by Blue
Grouse is influenced by microclimatic and
protective conditions. The physical characteristics of nocturnal use-trees and roost sites
have not been previously described. The objective was to describe the physical characteristics of diurnal and nocturnal use-trees and
associated roost sites used by Blue Grouse
during winter.

STUDY AREA

The study area is located on the Cache
National Forest in the Bear River Range of
the Wasatch Mountains in northeastern Utah.
The primary study area is on a north-south
ridge 2.5 km east of Logan Peak (USGS,
Logan Peak, Vtah, 1.5 min quadrangle, 1969)
and encompasses approximately 700 ha. The
forest is a subalpine fir/Douglas-fir mix with
a shrubby undergrowth classified as the Abies
lasiocarpa climax selies-Pseudotsuga menziesii phase (Mauk and Henderson 1984).
Topography varies from flat ridgetops to steep
canyons and includes all aspects. Elevations
range from 2500 to 2950 m; the regional mean
January temperature is -10 C, and the
mean annual precipitation is 102 em, with
85% occurring from September through
April, the majority as snow (Mauk and Henderson 1984). Snow depth on the study area
ranged from approximately 2 m to 3.5 m
during the winter of 1985-86. The area is
characterized by strong winter temperature
inversions that result in temperatures 5-10 C
higher at high elevations than in valley bottoms (Wilson et al. 1975).
METHODS

The point sample method (Grosenbaugh
1952) was used to invent.ory vegetation. A

lUmh Coopemtive Fish and Wildlife Research Unit, Utah State University. Logan, Utah 84322-5210. Present address: Department of Natural Resources,
Pettee Hall, University of New Hampshire. Durham, New Hampshire 03824.
2Wyomillg Coopemtive Research Unit, Box: 3166 University Station, Laramie, \Vyoming: 82071-

3Department ofBiolngy and Ecnlo!,'Y Center, Utah State University, Logan, Utah 84322-5210.
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40-basal-area-factor prism was used because the sample points had no trees or had trees
the area was dominated by large trees. The too small to be measured with the prism.
area was inventoried along parallel transects Douglas-fir, subalpine fir, and Engelmann
with point samples (n = 216) taken at 50-m spruce (Picea engelmannii) represented 51%,
intervals along transects spaced 65 m apart. 47%, and 2% of the total basal area, respecCanopy cover at each point was the average of tively. Average canopy coverage was 44%,
four measurements obtained with a densi- and an equal number ofplots had canopy covtometer. Cover readings were taken parallel erage above and below 50%; 20% had less.
to the ground at waist level.
than 10% cover since openings and forest
Grouse were located by ground searches islands were common.
and captured with a telescopic noose pole
We identified 270 use-trees (47 nocturnal),
(Zwickel and Bendell 1967) when possible.
of which 261 were fir (Douglas or subalpine),
Captured grouse were weighed, classified to
1 was Engelmann spruce (nocturnal), and
se?, and age, and fitted with a 25-30 g «3%
2
were limber pines (Pinus flexilis) (diurnal).
body weight) poncho-mounted radio transof Douglas-fir and subalpine fir (90% and
Use
mitter (Amstrup 1980, Pekins 1988a). Diurnal
of the diurnal and nocturnal use-trees,
70%
use-trees and roost sites were found by locatrespectively)
was greater than expected,
ing radio-marked and unmarked Blue Grouse
based
on
availability
(X 2 = 127 and 8.1, P <
from December 1985 to March 1986. Any tree
.05,
respectively).
For
each species, average
from which a grouse was flushed or observed
dbh
of
use-trees
was
greater
(P < .05) than
was considered a use-tree, but a site was catedbh
of
the
stand
average
(Table
1). Ninety
gorized as a roost only if a roosting (vs. stand- .
percent
of
the
Douglas-fir
trees
used by
ing) bird was observed in a nonalarmed state
(e.g., crown feathers .were not raised). Use- grouse had dbh >35 cm. Douglas-fir trees
trees were marked immediately, and roost used during the day were shorter than those
used at night.
sites were marked the following day..
Physical characteristics were measured at
Nocturnal use-trees and roost sites were
identified from visual sightings of radio- 161 roost sites (Table 2). Diurnal and nocturmarked birds. The general area within a tree nal roost sites were typically located adjacent
in which a grouse roosted was ascertained or close to large tree trunks in the lower two2
using a portable receiver and antenna. The thirds of trees and were not oriented (X =
tree was then searched with flashlights until 6.1, P> .05) in any direction. Nocturnal subthe bird was sighted.! Sites were then marked alpine roost sites had greater (t = 6.91, P <
.05) canopy cover (91%) than diurnal Douglasand the grouse left undisturbed.
Physical measurements of use-trees in- fir roost sites (73%), and more nocturnal than
cluded diameter at breast height (dbh) and diurnal roosts were adjacent to tree trunks.
. height. Roost site measurements included Seven Douglas-fir nochirnal roosts averaged
roost height, distance from tree trunk, diame- 85% canopy cover; 5 of these were 1. 7 m
ter of tree trunk adjacent to the roost site, .(± 1.1) away from the tree trunk.
roosting branch diameter and compass direction, and percent canopy cover. Roost site
DISCUSSION
height was expressed as a percentage of the
total' height of the tree; both heights were
The study area used by Blue Grouse during
corrected for snow depth. Canopy cover was winter was dominat~d by large Douglas-fir
estimated with a densitometer. Chi-square and subalpine fir trees in both clumped and
and t tests (Steele and Torrie 1980) were used open stands. Blue Grouse in Idaho also seto test for differences in frequency of trees lected open conifer stands (50:50 ratio of
used and in physical characteristics of trees conifer cover to open) dominated by islands
and roost sites. A level of significance was of Douglas-fir and subalpine fir (Caswell 1954,
set at .05.
Stauffer 1983). Wintering areas in Colorado
include dense and open second growth, maRESULTS
ture, and old-growth coniferous forests, with
The average basal area of trees in the study an average basal area (20.9 m 2lha; Cade 1985)
area was 19.5 m 2lha. Nearly one-third of similar to that measured in this study.
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TABLE 1. Characteristics of trees used and unused by Blue Grouse during winter, Logan, Utah, 1985-86.
Subalpine-fir (nocturnal)

Douglas-fir (diurnal) .
Use-tree
dbh, cm
Range
Height, m
Range

Stand average

Use-tree

x

SE

n

x

SE

x

65.0*

1.4

200

59.1

1.3

47.5*

19.4

0.4

0.4
8.7 -30.2

Stand average
n

2.7
32
18.8-98.1
20.9*
1.3
8.3-37.0

~0.0-139.7

18.3*

SE

x

SE

38.3

1.0

18.1

0.4

*Diirc~ence (P < .05) between u~~-tree and stand averap;c.

TABLE 2. Physical characteristics ofdiurnal and nocturnal winter roost sites of Blue Grouse, Logan, Utah, 1985-86.
Douglas-fir roost sites
Diurnal (127)"
Characteristic
Cover, %
Southern hemisphere, %
Lower 2/3 of tree, %
Adjacent to trunk, %
Distance to trunk, m
Adjacent trunk dbh, cm
Branch diameter, cm

x

73
55
87
'/0
1.0
38.5
8.8

SE
2

0.3 (38)
4.2
0.3

Subalpine fir roost sites

Nocturnal (7)
x

85
43
100
14
1.7
40.5
8.8

SE
4

1.1 (5)

5.8
1.2

Diun~al(5)

x

SE

91
1
0
100
80
0.7 (1)
29.1
13.3
1.5
4.~

Nocturnal (22)
x

91*
36
91
82
1.4
32.5
4.2

SE
2

0.7(4)
3.2
0.3

aSample size indicated by numbers within parentheses.
*Difference (P < .05) between diumal-usccl Douglas-fir and nocturnal-used subalpine fir roost sites.

Douglas-fir with atypical growth patterns
(larger dbh and shorter height) were selectively used by Blue Grouse as in other wintering areas at similar elevations (Caswell 1954,
Stauffer 1983, Cade 1985). The diurnal use
of atypical Douglas-firs likely reflects Blue
Grouse foraging strategy (Cade 1985). The
average dbh of Douglas-fir in our area (65.0
cm) is the largest reported; the average for
other intermountain studies is about 50 cm.
Subalpine fir trees were preferentially used as
nocturnal roost sites in this study area. Blue
Grouse in Colorado were often observed
flushing to a subalpine fir at dusk after feeding
in Douglas-fir or lodgepole pine (Pinus contorta) trees (T. E. Remington, personal com~
munication).
The physical characteristics of roost sites
we measured indicate that diurnal and nocturnal roost sites provide a favorable microclimate for Blue Grouse. The single exception
was that grouse did not consistently roost on
branches with a southerly orientation as previously reported (Hoffman 1961). However,
71% ofdiurnal roosting Blue Grouse observed
on the study area were in sunlight (Pekins
1988b).
Moderation of wind speed is the most sig~
nificant energy-saving characteristic of roost

sites (Walsberg Hi85). Wind speed is typically
higher at the top of the canopy (Monteith
1973), and wind penetration is reduced as
the horizontal structure of the vegetation is
widened (Jones '1983). The typical diurnal
roost site we identified provided a solid shelter (tree trunk) On one side with encircling,
wide coniferous boughs that modify exposure
to wind. A typical nocturnal roost site provided a solid shelter on one side surrounded
by a dense network of small coniferous
branches. Mistletoe often provided proximate
dense growth at nocturnal roost sites.
Blue Grouse seldom ate subalpine fir foliage in our study area «5% ofthe diet; Pekins,
unpublished data), but they likely selected
subalpine fir trees for nocturnal roosting because of its associated microclimate. Further,
subalpine fir use-trees generally occurred in
large; continuous stands, unlike the more
variable locations of Douglas-fir use-trees.
The roost tree location, large size, and dense
growth presumably provided Significant wind
protection during the night. Measurements
within both tree species substantiated that
wind speed was consistently lower in subalpine fir (Pekins 1988b).
Bergerud and Gratson (1988) suggested that grouse roosting in conifers affords
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protection fi:om avian predators (e. g., Goshawks [Accipter gentilis] and Great Horned
Owls [Bubo virginianus]) and may serve as an
alternative to occupying snow roosts for
predator avoidance. They assume neither
strategy is consistent with a thermoregulatory
hypothesis. However, the energetic advantage for grouse occupying a thermoneutral
environment in a snow roost is well documented (Marjakangas et aI. 1984, Thompson
and Fritzell 1988, Korhonen 1989): Blue
Grouse undoubtedly benefit, although remaining vulnerable to avian' predators
(Goshawks killed several grouse in the study
area), while roosting in conifers. However, a
switch to subalpine fir from Douglas-firs suggests that energy conservation, not predator
avoidance, is the primary determinant of noc~
turnal roost sites selection.
Forests occupied during, winter by Blue
Grouse in the intermountain region are frequently oflimited commercial value and often
in inaccessible areas (Stauffer 1983, Cade
1985). However, some Blue Grouse wintering
areas have been cut or are potentially harvestable (e.g., Cade 1985, this study). Selec~
tion and patch cuts, which would ensure the
presence oflarge conifers, are recommended
management practices in Blue Grouse wintering areas (Cade 1985). Old-age stands at high
elevations are irreplaceable within reasonable stand regeneration time. Loss of wintering habitat may severely impact local Blue
Grouse populations.
.
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HABITAT USE AND FOOD SELECTION OF SMALL MAMMALS NEAR A
SAGEBRUSH/CRESTED WHEATGRASS INTERFACE IN SOUTHEASTERN IDAHO
, David K. Koehler l and Stanley I-1. Anderson2
,
ABSTRACT.-Habitat use and food selection data were collected for deer mice (Peromyscus maniculatus), montane
voles (Microtus montanus), Ord's kangaroo rats (Dipodomys ordii), and Townsend's ground squirrels (Spermophilus
townsendii) near a sagebrush (Artemisia tridentata )/crested wheatgrass (Agropyron cristattl1n) interface in southeastem Idaho. Significantly more captures occurred in the native sagebrush habitat than in areas planted in crested
wheatgrass or in disturbed sites. Crested wheatgrass, a prolific seed producer, still accounted for over 30% of the total
captures. Montane voles and Townsend's ground squirrels (during periods of aboveground activity) used the crested
wh~atgrass habitat throughout the summer, while deer mice and, Ord's kangaroo rats exhibited heavy use after seed set.

Key words: small mammals, fopd selection, habitat selection, deer mice, montane vole, Ord's kangaroo rat,
Townsend's ground squirrel.

Research has been conducted on various linear distance of approximately 250 m each
aspects of the ecology of wildlife residing on evening from native sagebrush vegetation to
and adjacent to the SubsUlface Disposal Area the border of the SDA. This animal would
(SDA) and one other low-level radioactive then spend the night foraging near the SDA
waste disposal site on the Idaho National boundary before returning to its burrow at
Engineering Laboratory (INEL) in southeast- dawn.
This study was undertaken to evaluate the
ern Idaho. Small mammals were the most
frequently occurring wildlife (Arthur and habitat use and food selection of small mamMarkham 1983), and densities on the SDA mals near a sagebrush/crested wheatgrass
were conSiderably higher than in adjacent na- interface on INEL. Efforts were concentrated
tive vegetation types (Grov,es 1981). Crested on the four most abundant species of small
wheatgrass planted on the SDA for soil stabi- mammals on the SDA, deer mice, montane
lization and hydrologic benefits may provide voles, Ord's kangaroo rats, and Townsend's
food for small mammals. A prolific seed pro- ground squirrels.
ducer, it provides a readily available seed
source for granivorous rodents in this coldMETHODS
desert system (Arthur et al. 1986).
The INEL is a nuclear energy research
In other regions where crested wheatgrass
has been planted for livestock grazing use, faCility under the jurisdiction of the U.S.
relative densities and speyies diversities of Department of Energy. It occupies approxismall mammals (Reynolds 1~80, Reynolds and mately 231,000 ha of sagebrush desert on the
Trost 1980) were reduced. ;However, studies upper Snake River Plain. in southeastern
conducted on tlle INEL have shown that Idaho. Average minimum and maximum daily
crested wheatgrass seedings are used by small temperatures in summer and winter range
mammals as food sources. Filipovich (1983) from 10 to 30 C, and -16 to -3 C, respecreported that deer mice (Peromyscus manicu- tively. Average annual precipitation is aplatus), the most abundant rodent on these proximately 22 cm (Clawson et al. 1989).
The SDA, a 36-ha portion of the Radiodisposal areas, shifted to heavy use of grass
seed when crested wheatgrass went to seed. active Waste Management Complex, has
Reynolds and Arthur (198:?) told of a radio- been used for the interment ofsolid, low-level
marked deer mouse that would traverse a radioactive waste since 1952. Mixed activation,
1

lIdaho Department ofFish and Game, 1.515 Lincoln Road. Idaho Falls, Idaho 83401.
2"Vyomiug CooperJ.tive Fish and Wildlife Research Unit, Box 3166, University Station, Laramie, Wyoming 82071.
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fission, and transuranic radioactive wastes
have been disposed at the SDA through use of
shallow burial techniqu~s.
Vegetation on the SDA and its perimeter
consists primarily ofa seeded stand of crested
wheatgrass. The native vegetation surround~
ing the SDA is a predominantly big sagebrushlbluebunch wheatgrass (A. spicatum)
steppe (McBride et al. 1978). Additionally,
several disturbed and unseeded areas are
found around the periphery of the SDA.
These areas typically support a sparse cover of
Russian thistle, cheatgrass (Bromus tectorum), and green rabbitbrush (Chrysotham"
nus viscidijlorus) (Arthur 1982).
HABITAT USE.-A 6.24-ha (240 X 260-m)
live-trapping grid was established on and adjacent to the SDA to examine habitat use patterns. One hundred eighty-two trapping stations were spaced at 20-m intervals on the
13 X 14 grid. Each trapping station consisted
of two Sherman live traps baited with a mixture of rolled oats and whole wheat and con~
taining nonabsorbent cotton for bedding.
Each trap station in the live-trapping grid
was placed into one ofthree habitat type categories: native sagebrushlbluebunch wheatgrass steppe; crested wheatgrass; or recently
disturbed but unseeded sites consisting of a
sparse cover of Russian thistle, cheatgrass,
and green rabbitbrush. Categorization was
based on visual observation of the vegetative
community in which the trap station oc~
curred. Sixty-five (36%), 63 (35%), and 54
(30%) of the 182 trapping stations occurred in
native sagebrush vegetation, crested wheatgrass, and disturbed sites, respectively.
Habitat use data were collected in June,
July, and August 1984. Each trapping session
consisted of seven consecutive nights of trapping during which traps were set prior to sunset and then checked twice nightly. Animals
were carried halfway to the next trapping station prior to release to minimize the tendency
to immediately reenter known traps (Price
et al. 1984). Measures of habitat use were
expressed in terms of total captures, captures
per 100 trap nights, and percentage of captures occurring in each of the three habitat
types.
Chi-square goodness-of-fit tests, including
Yates' correction for continuity (Zar 1974),
were used to test for differences between
numbers of total captures observed versus
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expected in each of the three habitat types.
Expected values were determined for each
species by multiplying the total captures for
that sPE!cies by the percentage ofthe trap grid
occupied by the particular habitat type. Results ofthe chi-square tests indicated whether
habitat selection occurred or if use was determined by availability. Testing for significance
was conducted at the P < .05 and P < .01
levels.'
FOOD HABITS.-,-Diet composition and seasonal use of crested wheatgrass' as a food for
deer mice, montane voles, Ord's kangaroo
rats, and Townsend's ground squirrels collected near a sagebrush/crested wheatgrass
interface were evaluated. Four separate trapping periods were conducted during the year
to correspond with different phenological
stages of crested wheatgrass. These included
June (vegetation lush and green), July (onset
of desiccation), August (vegetation severely
desiccated and seed set), and January and
early March (veg~tation dormant with winter
conditions prevalent).
Two separate grids were trapped for food
habit analysis ofsmall mammals captured near
a sagebrush/crested wheatgrass interface. The
first grid consisted of two lines of traps in
a 25 X 100~m configuration. Trap lines were
oriented parallel to and 50 and 75 m from the
sagebrush/crested wheatgrass interface in the
native sagebrush habitat type. Because mon~
tane voles and Ord's kangaroo rats exhibited a
high degree of fidelity to the crested wheatgrass and were hot captured, the trapping
schelne was modified. The second configuration consisted of a 75 X 350-m trap grid estab"
lished perpendic~larto the sagebrush/crested
wheatgrass interface so that it overlapped
both vegetation types. The grid began 100 m
inside the crested wheatgrass and extended
250 m into the sagebrush. Trap stations were
spaced at 25-m intervals. This modification
also allowed documentation of movements
across the sagebrush/crested wheatgrass interface.
Trapping procedures were identical for
both grids as fol~ows. Each trapping station
consisted of two traps, one Museum Special
snap trap and one Sherman live trap. Snap
traps were baited with peanut butter while
the live traps were either unbaited or baited
with a small amount ofwhole wheat. The traps
remained set continuously during trapping
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TABLE 1. Total captures of small mammals in each of three habitat types on and adjacent to the SDA, June-August
1984. Significance of chi-square tests between observed versus expected numbers is shown. Captures per 100 trap
nights in parentheses.
Habitat type and species

-

June

July

August

Total

107
(6.1)
62** (3.5)
219** (12.4)
388* (22.0).

(2.4)
43
41** (2.3)
231** (13.4)
321 (18.1)

40
(2.3)
25** (1.4)
339** (19.~)
404* (22.9)

190** (3.6)
128** (2.4)
795** (15.0)
1113** (21. 0)

127** (8.4)
(1.1)
16
211 (17.9)
414 (27.4)

45** (3.0)
(0.5)
8
(17.5)
~64
317 (21.0)

48** (3.2)
3
(0.2)
329 (21.8)
380 (25.2)

220** (4.9)
27** (0.6)
864 (19.0)
1111 (~.5)

25** (1.4)
5** (0.3)

1** (0.4)
0** (0.0)
358** (19.7)
365 (20.1)

7** (0.4)

39** (0.7)
1** (0.1)
1292** (23.7)
1338 (24.5)

CRESTED WHEATGRASS

Dipodomys ordii
Microtus montanus
Peromyscus maniculatus
TOTAL
DISTURBED SITES

Dipodomys ordii
Microtus montanus
Peromyscus maniculatus
TOTAL
NATIVE SAGEBRUSH

Dipodomys ordii
Microtus montanus
Peromysclls maniculatlls

436**(~.0)

TOTAL

466

(25.7)

259
83

(5.1)
(1.6)

2** (0.1)
498** (21.4)
507 (27.9)

TOTAL CkPTURES

Dipodomys ordii
Microtus montanus
Peromysclls maniclllatlls
TOTAL

9~6

(18.~)

95
49
859

1268

(24.9)

1003

(1.9)
(1.0)
(16.9)

95
30
1166

(1.9)
(0.6)
(22.9)

449
162
2951

(2.9)
(1.0)
(19.3)

(19.8)

1291

(25.4)

3562

(23.2)

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

sessions and were checked at least each mom~
ing and evening. Rodents captured in live
traps were immediately sacrificed by cervical
dislocation.
Diet composition was determined by micro"
histological analysis of stomach contents. All
analyses. were conducted by the Composition
Analysis Laboratory at Colorado State University (Sparks and Malechek 1968). Identifi~
cation of plant and arthropod fragments was
made by comparison of microscopic charac"
teristics with reference specimens collected
on the INEL. Unidentified species were classified by genus, family, or order. Stomach
content composition was r((ported as the percent relative density (number ofpoints where
each item occurred relative to the total num~
ber of points in that sample) of plant or
arthropod fragments identified in the sample.
RESULTS.

Habitat Use
A total of 3898 captures of seven species of
small mammals in 15,288 trap nights occurred
during the summer of 19$4. The four spe~
cies of primary concem accounted for 3562
(91%) (Table 1). Deer micewere the mostfre"

quently captured species, accounting for 76%
of the total. During the project, 747 deer
mice, 106 montane voles, and 95 Ord's kangaroo rats were captured and used in habitat
evaluation analyses. Only two Townsend's
ground squirrels were caught because oftheir
diumal activity pattems.
Most animals (1138 or 38%) were caught
in the native sagebrush habitat. The fewest
captures (1111 or 31%) occurred in disturbed
sites, while 1113 (31%) were made in crested
wheatgrass (Table 1). Chi-square tests confirmed that the native sagebrush habitat type
was used significantly (P < .01) more than
disturbed sites or crested wheatgrass.
When captures per 100 trap nights were
considered (Table 1), the results were different. Again, the highest relative density of
small rp.ammals, 28.2 individuals per 100 trap
nights, was observed in sagebrush vegetation
type. But the amount of use observed in the
disturbed sites and crested wheatgrass habitat
types was reversed. Disturbed sites accounted for 25.7 captures per 100 trap nights,
while the crested wheatgrass had 22.5 captures per 100 trap nights.
Although crested wheatgrass had the lowest relative density ofsmall mammals ofany of
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the habitat types, all three types received considerable use. Several species of small mammals used this habitat type heavily throughout
the summer or seasonally.
Montane voles exhibited a Significant (P <
.01) selection for the crested wheatgrass habitat type and against both disturbed sites
and native sagebrush habitat types. Seventynine percent of all captures of montane voles
occurred in crested wheatgrass and 17% in
disturbed sites. Thus, 96% of the montane
vole captures occurred in habitat types created by waste management operations.
Ord's kangaroo rats used both disturbed
sites and crested wheatgrass significantly (P <
.01) more and native sagebrush significantly
(P < .01) less than would be expected. Over
42% of all captures of kangaroo rats occurred
in the crested wheatgrass habitat, while 49%
of the captures occurred in disturbed sites.
So, as with montane voles, a large percentage
of all captures (91%) of kangaroo rats was
recorded in habitat types resulting from alteration of the native sagebrush vegetation type.
Deer mice used the sagebrush habitat significantly (P < .01) more than the disturbed
and crested wheatgrass habitats. Nearly 44%
of all captures of deer mice occurred in sage. brush, while disturbed sites and crested
wheatgrass accounted for 29% and 27%, respectively. However, use of crested wheatgrass increased as the summer progressed,
and by August more captures occurred in
crested. wheatgrass than in disturbed sites
(Table 1).
Food Habits
Although an attempt was made to collect
atleast 10 individuals ofeach ofthe four small
mammal species during each trapping session, it was not always possible because some
animals were trap shy and some were found
to have empty stomachs. There was' a high
degree of similarity in the food habits of animals collected from both trap grids. Therefore, data were pooled to evaluate food habits
of small mammals collected near a sagebrush/
crested wheatgrass interface.
DEER'MICE.-Stomach contents of 72 deer
mice were analyzed from August 1983
through June 1985. Crested wheatgrass appeared to be relatively unimportant as a food
item except during periods after the grass had
gone to seed. Lepidoptera larvae ranked as
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the most important item in diets of deer mice
collected in June and constituted 71% of the
fragments identJied in the samples. Small
amounts of crested wheatgrass were present
in tlle samples collected in July. However, it
ranked as the eighth most frequently consumed food item and composed less than 1%
of the diet. Gramineae seed was the most
important food item in July, making up 66% of
the diet of deer mice.
There was a pronounced shift to the use
of crested wheatgrass by deer mice in August.
In this month, crested wheatgrass was found
in 22 of the 29 (76%) animals collected; thus,
it ranked as the most important food item.
Coleoptera adult~ and Orthoptera ranked
second and third., comprising 19 and 10%,
respectively.
Ten deer mice were collected in January
and 10 in March. Unidentified seed was the
most important food item, comprising 96% of
the food in these animals. Crested wheatgrass
was not identified in any of these samples.
MONTANE VOLEs.-Stomach contents of
20 voles were evaluated. Crested' wheatgrass
was the major food item for montane voles
throughout the summer. Samples from all
voles collected in June, July, and August contained crested wheatgrass.
ORD'S KANGAROO RATS.-Food habits of 25
kangaroo rats wete evaluated. Eight animals
were collected inlJune 1985, 5 in July 1984,
and 12 in August 11983 and 1984. Four of the
8 (50%) kangaroo rats collected in June had
been feeding on crested wheatgrass; thus,
crested wheatgrass was the fourth most important food item, The three items that were
eaten in higher percentages were pollen
(33%), unidentified arthropods (18%), and
plant parts from the family Compositae (16%).
In July all five animals collected had eaten
crested wheatgrass. At this time crested
wheatgrass ranked as the most important food
item, making up 82% of the diet of these
animals. Twelve 'animals were collected in
August, and agaIn crested wheatgrass was
identified in every sample. It accounted for
91% of the diet in animals this month.
TOWNSEND'S GROUND SQUIRRELs.-Seasonal
activity of the T?Wl1send's ground squirrel
appeared to be closely correlated to the
availability of crested wheatgrass in its lush
state. Eighty percent (8 of 10) of the ground
squirrels trapped in June had used crested
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wheatgrass as a food source. Only one ground
squirrel was trapped in Jl,lly. Stomach contents of this individual consisted of only two
items: crested wheatgrass (!;}%) and gramineae
.
seed (91%).
DISCUSSION

Analysis of habitat use and food habits of
small mammals around the SDA indicated
that the crested wheatgras~ habitat type was
frequently utilized. Resident animals used
crested wheatgrass as a fodd item, and seeds
appeared to attract transients. The percentages oftotal captures ofsmall mammals occurring in each of the three habitat types were as
follows: native sagebrush vegetation (37%),
disturbed and unseeded sites (33%), and
crested wheatgrass (30%) (Table 1). These results were similar to those bfReynolds (1980)
but were opposite those reported by Groves
(1981), who found that crested wheatgrass received the most use followed by disturbed
sites and then native sagebrush vegetation.
Groves (1981) captured higher numbers of
small mammals in the crested wheatgrass than
in the other two habitat types. However,
montane voles were at a high point in their
population cycle at the time the earlier study
was conducted, which probably accounts for
the differences in results. 'Our results indicated that although crested wheatgrass had
the lowest density of small inammals of any of
the habitat types, it rece~ved considerable
use. Several species of small mammals used
this habitat type heavily either throughout the
summer or seasonally.
Groves (1981) also reported that the densities he found in both the crested wheatgrass
and native sagebrush habitat types were considerably higher than had been reported in
the literature for similar vegetation types in
other areas. This may .have been due to the
diversity of the area with three distinctive
habitat types and the large amount of "edge,"
all in a rather confined area~I
Montane voles were :more dependent
upon the crested wheatgrass habitat type
than any other species captured during the
study. Results of all small mammal studies
conducted on the INEL have indicated montane voles were restricted ~lmost exclusively
to crested wheatgrass communities (Allred
1973, Reynolds 1980, Filipovich 1983, Groves
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and Keller 1983). Voles are typically herbivorous, but little has been reported on specific
food habits for this species. Food habit analysis conducted during this study showed
crested wheatgrass to be the dominant food
item for montane voles on the INEL. All 19
animals captured during the summer months
had crested wheatgrass in their stomachs.
Use of crested wheatgrass by kangaroo rats
was substantial. This would be expected since
kangaroo rats are heteromyids, and crested
wheatgrass is such a prolific seed producer.
Groves (1981) hypothesized that the enhanced seed supply provided by crested
wheatgrass may have accounted for the high
number of kangaroo rat captures in this habitat type. Most studies of the food habits of
Ord's kangaroo rat have found that this animal
is primarily herbivorous/granivorous, eating
large amounts of seeds along with the succulent leaves of grasses, forbs, and shrubs, and
With arthropods being infrequently consumed
o-ohnson 1961, Flake 1973, Best and Hoditschek 1982, Koehler 1988). Food habits of
kangaroo rats' captured near the sagebrush/
crested wheatgrass interface we studied fit
these broad guidelines. Crested wheatgrass
was eaten throughout the summer, but its
importance increased as the summer progressed. Crested wheatgrass made up 82% of
the food intake in July and 91% in August.
This shift to heavy use of crested wheatgrass
corresponded to the time of seed set by this
grass.
Deer mice are omnivorous, their food
habits generally reflecting the local availability offood items o-ohnson 1961). Other studies
involving food habits ofdeer mice in southern
and southeastern Idaho have found that these
rodents rely heavily on arthropods, especially
Coleoptera adults and Lepidoptera larvae
(Halford 1981) in spring and early summer,
followed by a shift to plant material in July and
August o-ohnson 1961, Filipovich 1983). Our
results are consistent with these findings.
Crested wheatgrass varied seasonally in importance as a food item. It was relatively
unimportant in June, when deer mice consumed various arthropods, and was heavily
used later in the summer. The shift to crested
wheatgrass in July and August corresponded
to the time of summer when the grass set
seed.
Food habit studies on Townsend's ground
squirrels have reported that these animals
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feed mostly on succulent green vegetation
(Alcorn 1940, Johnson 1961), especially
grasses Gohnson 1977, Smith and Johnson
1985). Both Scheffer (1941) and Johnson
(1977) noted that the aboveground activity of
Townsend's ground squirrels was highly correlated to the presence of succulent green
vegetation. This was also noticed around the
SDA. Ground squirrels were present and active early in the spring until about July, when
the crested wheatgrass started to desiccate. At
this time the animals would go into torpor
until the follOwing spring. Johnson (1977) reported that the primary food item of Townsend's ground squirrels on the Hanford Reservation in eastern Washington was Sandberg
bluegrass (Paa sandbergii); in southern
Idaho, cheatgrass provided most of the forage
consumed (Smith and Johnson 1985). In both
cases the primary food eaten by Townsend's
ground squirrels was also the primary grass
species on the study area. Crested wheatgrass
was the most heavily used food item by
ground squirrels around the SDA, making up
the bulk of the diets of the ground squirrels
analyzed. It was also common to observe
ground squirrels feeding on crested wheatgrass, and freshly cut stems were often found
in active burrow entrances.
The presence of crested wheatgrass affected small mammal community structure
around the SDA by influencing which species
were present and their relative densities.
Montane voles, Ord's kangaroo rats, and
Townsend's ground squirrels exhibit early colonization characteristics after a disturbance.
These species, which are either absent or uncommon in the predominant native vegetative types, now compose a large portion of the
small mammal community in the SDA environs. Other species, such as deer mice, have
adapted to certain components of the introduced vegetation type, specifically the use of
crested wheatgrass as a food source.
Although the crested wheatgrass habitat
type was used less than either ofthe other two
habitat types, more than 30% of the total captures ofsmall mammals occurred there. Deer
mice, Ord's kangaroo rats, and Townsend's
ground squirrels used the crested wheatgrass
habitat heavily seasonally. Montane voles
used the habitat throughout the summer. The
use of crested wheatgrass as a food source
appeared to be a key element in attracting

small mammals to this habitat type. Crested
wheatgrass does influence the type of small
mammal community and the densities of
these animals. Thus, this unnatural community has an impact on the total diversity of
wildlife in the area.
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EFFECTS OF CONVICT CICHLIDS ON GROWTH AND
RECRUITMENT OF WHITE RIVER SPRINGFISH
Dallas Tippie l , James E. Deacon l , and Chih-Hsian~Ho2
ABSTRACT.-Observations ofchanges in population density of native White River springfish (Crenichthys baileyi) in
Pahranagat Valley led to the following hypothesis: introduced convict cichlids (Cichlasoma nigrojasciatllm) cause
reduced growth and recruitment; cover reduces the magnitude ofthe effect. The hypothesis was tested by establishing
sympatric and allopatric groups of the two species in experimental aquaria with and without cover. Change in volume
(= mass) and length of the two species over a three-month period in spring 1986 and 1987 was measured and analyzed
using 2 X 2 factorial analyses. Convict cichlids caused reduced growth and eliminated recruitment ofspringfish under
the experimental conditions. Cover did not influence growth but positively affected recruitment of springfish in
allopatry. It is likely that a portion ofthe reduced springfish population densities in nature can be attributed to adverse
effects from introduced cichlids.

Key words: exotic species, competition, springfish, population control.

Introduced fishes have been implicated in
the decline and/or extinction of native fishes
throughout the world. Numerous anecdotal
accounts have documented adverse effects,
but few have identified the causative mecha~
nism (Schoenherr 1981, Taylor et al. 1984).
Moyle et al. (1986) noted that introduced
fishes may (1) eliminate native fishes, (2) reduce their growth and survival, (3) change
their community structure, or (4) have no effect. Meffe (1985) concluded that elimination
of native by exotic fishes in southwestern
U. S. is frequently attributable to predation.
Schoenherr (1981) demonstrated that com~
petitive interactions with exotic species can
reduce survival and produce changes in community structure. Replacement ofdesert pupfish (Cyprinodon macularius) by redbelly
tilapia (Tilapia zilli) in an irrigation drain near
the Salton Sea was attributed by Schoenherr
(1985, 1988) to interference with normal behavior patterns. Bestgen and Probst (1987)
proposed that reductions of native fish populations in the Southwest, heretofore attributed to interactions with introduced red
shiner (Cyprinella lutrensis), were more
likely due to habitat degradation resulting in
elimination of natives from habitats which
were then occupied by the alien species. Jennings and Saiki (1990) suggested that a com-

plementary distribution between red shiner
and native fishes in the San Joaquin Valley,
California, may represent just the first stage in
colonization by rEid shiner. Deacon (1988) reported that after about 20 years ofmaintaining
a complementary distribution, red shiner
suddenly expanded its range upstream and,
perhaps aided by an introduced parasite
(Heckmann et aL 1986), nearly replaced the
indigenous wouU:dfin (Plagopterus argentissimus) in the Virgin River of Utah, Arizona,
and Nevada. Intrpduced fishes obviously interact in complex and variable ways with native species.
In Pahranagat Valley, Nevada, one population of White River springfish (Crenichthys
baileyi) was eliminated by nonnative largemouth bass (Micropterus salmoides) predation; and two populations were severely
depressed, apparently by interaction with
convict cichlids (Cichlasoma nigrofasciatum),
shortfin mollies (Poecilia mexicana), sailfin
mollies (P. latipinna), and mosquitofish
(Gambusia affinis) (Courtenay et al. 1985).
The present study was designed to examine
mechanisms that may have caused the observed population reductions. Our hypothesis
was that both growth and reproduction of
Hiko White River springfish (C. b. grandis)
are depressed by interactions with convict
cichlids and enhanced by cover.

IDepartment ofBiological Sciences, University of Nevada at Las Vcp;as, LIS VCg:;'lS Nevada 89154.
2Department of Mathematical Sciences. University of Nevada at Las Vegas, La.1j Vegas Nevada 89154.
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TABLE 1. Mean volumes (ml) of springfish and cichlids at the beginning (initial) and end (final) of the experimental
periods. Numbers in parentheses fITe one standard deviation.

Springfish
Exp.l

Cichlids
Exp.2

Exp.l

Exp.2

Initial
mean

Final
mean

Initial
mean

Final
mean

Initial
mean

Final
mean

Initial
mean

Final
mean

Allopatricl
cover

.253
(.152)

.614
(.247)

.461
(.194)

1.79
(.847)

2.77
(1.50)

2.09
(1.30)

3.37
(2.41)

Allopatricl
no cover

.256
(.113)
.503
(.154)
.340
(.162)

.529
(.204)
.619
(.i50)

.453
(.171)
.553
(.186)

.761
(.223)
.776
(.197)
.749
(.189)

1.07
(.540)
.973
(.569)

2.34
(.481)
2.10
(.987)

4.36
(2.57)
4.09
(1.52)

.$23
q68)

.534
(.210)

.735
(.254)

1.21
(.427)

3.23
(1.30)
2.69
(1.44)
2.58
(1.18)

1.66
(.576)

4.48
(2.05)

Sympatricl
cover
Sympatricl
no cover

METHODS
A series of 2 X .2 factorial analyses (MontThe following experiments were conducted gomery 1984, Chapter 7) was used to examine
in March-May 1986 (exper~ment 1) and 1987 the influence ofsympatry/allopatry and cover!
(experiment 2). Springfish ,and cichlids were no cover on growth in volume (mass), TL,
kept in separate 208-liter stock aquaria for number of chases, and extent of fin damage
three months in 1986 and one month in 1981 for each species. Significance of differences
prior to introduction into experimental (at 5% significance level) is summarized in
aquaria. Experimental fish were weighed ANOVA tables.
(volume displacement), ,measured (total
length [TL], mm), and sexed at the beginning
RESULTS
and end of the 63-day experimental period
Data on increases in volume and TL pro~
(Table 1). Volume displacement and TL were
duced
the same analytical results for both
used to minimize trauma from handling. Allo~
patric groups containing fiye pairs of spring- springfish and cichlids; only the analyses for
fish or five pairs ofcichlids \fere established in volume are presented (Table 2). Springfish in
each of two 76-liter aquaria with and without allopatric groups grew more rapidly than they
cover. Sympatric groups, each containing did when cichlids were present. Cover had no
three pairs of springfish and two pairs of cich- significant effect, but a slight interaction belids, were established in each of two aquaria tween sympatry/alloptary and cover/no cover
with and without cover. Cover consisted of may mask the main effect of cover on growth.
assorted rocks and plastic plants, all used in If so, cover has a slightly negative effect. For
approximately equal amolints. Commercial cichlids, higher mean growth by sympatric
"spawning grass" was placed in all aquaria to groups was significant, but cover did not influencourage spawning. Fish were fed Tetra- ence growth and there was no interaction bemin® Staple Food at a rate of approximately tween the two factors (Table 2).
Chasing by cichlids was nearly all intra6.0% body mass twice d~ly to ensure that
food was not a limiting factoi-. All aquaria were specific and caused no detectable fin damage
maintained at 23-26 C. One sympatric/no to springfish. Among cichlids (Table 3), the
cover aquarium in 1986 suffered a heater two factors, sympatry/alloptary and cover/no
malfunction and was term'inated. Biological cover, had no significant effect on aggressive
filtration was utilized in exp~rimentalaquaria: behavior as measured by chasing or fin damunder-gravel filtration in' 1986, biological- age. Nevertheless, cichlids in experiment 2
sponge filtration in 1987. The stock aquaria were significantly more aggressive than in exwere filtered with outsi<iJ.e power filters. periment 1. During experiment 2, all springSeventy-five percent of t1;le water in each fish in one sympatric tank without cover were
aquarium was changed weekly. Observations found dead five days before experiments
of chasing behavior were imade daily for a were terminated. We attribute this to aggresone-minute period per aquarium. Fin and sive behavior by a nesting pair of cichlids.
The dead fish were intact and were weighed,
body damage was also recorded.
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TABLE 2. Average increase in volume (ml) of springflsh and cichlids fed at 12% body weight per day for 63 days
(I = increase in volume; n = number offish).
Sympatric

Allopatric
Cover
EXPERIMENT 1
Springfish
Cichlids
EXPERIMENT 2
Springfish
Cichlids

No cover

Cover

No cover

I

n

I

n

I

n

I

n

.36
1.19

10
10

.27
1.80

10
8

.12
1.72

12
8

.23
2.37

12
7

.30
1.28

10
10

.32
1.29

10
7

.20
1.99

12
8

.17
2.2

6
6

Analysis ofvariance ofgrowth data (ml) fiJI· springfish and cichlids. Factor A is sympatry/allopatry;
'
utetor B is cover/no cover.
Springfish
Source
A
B
AB
Error
Total

d.f.

Cichlids

0.0351125
0.0000125
0.00g8125
0.0020125
0.0065696

1

1
1
4
7

~

F

MS

17.453416**
0.006211
1.397515

MS

F

0.;9248
0.2738
0.0012
0.04625
0.19869

19.9957**
5.9200
0.1557

**siJ!;uifiC<Ult at the .1)% level.

TABLE 3. Mean number of intraspecific chases by cichlids per observation period and percentage of cichlids
sustaining fin damage during the experimental period (experiment 1 results from Tippie and Deacon 1987).
Chases

Fin damage

Exp.l

Exp.2

Exp. 1

Exp.g

0.64
0.70
0.71
0.41

1.9
6.6
5.3
9.5

87.5
60.0
62.3
50.0

100
100
100
90

Sympatric, no cover
Allopatric, no cover
Sympatric, with cover
Allopatric, with cover

Analysis of variance. Factors = filUr combinations of treatments; block;= experiments 1 and 2.
i

Chases
Source

d.f.

Factors
Block
Error
Total

3
1
3

7

MS
4.6959
54.g882
5.2529
64.2370

Fin damage

F
0.8939
10.3349**

d.f.

MS

3
1
3
7

189.5883
2119.0050
89.9217
2398.515

F
2.1084
23.5650**

**sip;nificmlt at the 5% level.

measured, and included in the analysis despite a 58- rather than a 63"day growth period.
Chasing by springfish was also more prevalent in experiment 2 (Table 4) but resulted in
relatively little fin damage. Most chases were
more likely attributable to mating behavior
than to aggression.
Reproduction by both species was variable
(Table 5). Springfish produced no young dur"
ing or after the experimental periods in any
tank with sympatric cichlids. In contrast,
springfish eggs andJor fry were observed at

some time during, or following, the experimental period in all allopatric tanks. Fry
were present in cine of two allopatric aquaria
at termination in experiment 1, but not in
experiment 2; however, 14 days after removal
of experimental animals, newly hatched
springfish appeal'ed in allopatric aquaria in
experiment 2.
DISCUSSION

We conclude that convict cichlids can have
a significant adverse effect on growth and

1991]

259

EFFECTS OF CICHLIDS ON SPRINGFISH

TABLE 4. Mean number of intraspecific chases by springnsh per observation period and percentage of springfish
sustaining fin damage during the experimental period (experiment 1 data from Tippie and Deacon 1987).
.
Chases
Exp.l

Exp.~

0.32

5.4
10.8
4.9
7.9

Sympatric, no cover
Allopatric, no cover
Sympatric, with cover
Allopatric, with cover

o

0.15

o

Fin damage
Exp.l
Exp.2

o
o
o
o

0
20

0
0

Analysis ofvariance. Factors = four combinations of treatments; block = experiments 1 and 2.
Chases
Source

d.f.

Factors
Block
Error
Total

3
1
3
7

Fin damage

MS
3.3585
101. 7451
3.9881
109.0917

F

d.£.

MS

F

0.8422
25.5121**

3
1
3
7

50
50
50
150

1.0
1.0

**significant at the 5% level.

TABLE 5. Reproduction occurrjng dUring the experimental period: # = number of tanks in that category containing
eggs or fry at some time during or after the experimental period; N = number of fry surviving at termination; T =
number of fry appearing following termination.
Allopatric

Sympatric

Cover
Springfish
Cichlids

#
2
1

No cover

N

T

11
49

4
0

#
2
0

Cover

No cover

N

T

#

N

T

#

N

T

0
0

9
0

0
1

0
0

0
0

0
2

0
99

0
0

recruitment of White River springfish under
the experimental conditio~s. It seems probable that the lack of recruitment by springfish
living sympatrically with cichlids results from
cichlid predation on sprin'gfish eggs and fry.
Presence or absence of cover had no statistically identifiable influence on growth ofeither
species. It did positively qffect springfish recruitment, but not that df cichlids. Cichlid
aggression is largely intra.specific; however,
when cichlids are guarding the nest, aggression can be lethal to adult springfish. Faster
growth by cichlids in sympatric experimental
populations may be due totheir smaller number and biomass in those t~nks rather than to
a salubrious interspecific Irelationship. Conversely, springfish grew faster in allopatric
aquaria in spite of higher density.
The above conclusions help interpret conditions observed in natural populations. Introductions ofconvict cichlids into Ash Spring
in 1965 and Crystal Spring in the 1970s were
closely followed by sharp drops in their respective springfish populations (Courtenay
et al. 1985). Reduced grow;th and recruitment
might well produce that result.

More recently, however, Hiko Spring
added a puzzling variation to this seemingly
straightfOlward explanation. Following elimination of springfish by largemouth bass and
subsequent disappearance of bass from the
spring, springfish were reintroduced. The day
successful recruitment was confirmed, a few
convict cichlids were observed (Baugh et al.
1985). We predicted expansion of both populations, followed by a decline in springfish
numbers. The expansion occurred, but the
decline did not (Deacon, unpublished data),
and we therefore suspected that additional
factors might be contributing to low springfish
populations a.t Ash and Crystal springs.
At Ash Spring, elevated ammonia and nitrite levels, apparently leading to increased
susceptibility of springfish to bacterial infection from Pseudomonas and Aeromonas, are
factors that may contribute to low population
numbers (Taylor et al. 1990). The U.S. Bureau of Land Management, following notification of the problem, took steps to remove
cattle. The result was a decrease in contaminants and an increase in densities for all fish
species (Taylor et al. 1990). Springfish density
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nonetheless remains below levels recorded
prior to introduction of cichlids and mollies
(Courtenay et al. 1985).
No likely alternative explanation for low
springfish populations has been identified
at Crystal Spring. It would seem prudent to
attempt to discover whether agricultural
chemicals or other potentially toxic materials
or practices are associated with manipulation
of the waters for irrigation. None is apparent.
Maintenance of an abundant springftsh
population at Hiko Springfor three years indicates that sympatry with introduced convict
cichlids, while perhaps stressful, need not
invariably result in scarcity of the native species. Our results demonstrate that convict
cichlids can depress growth and recruitment
of springfish and, under some circumstances,
may cause mortality of adults. Those may be
the primary causes of low populations at
Ash and Crystal springs. At Hiko Spring,
however, springftsh are to date maintaining
essentially natural population densities despite the presence ofconvict cichlids, mollies,
and mosquitofish.
It remains unclear why the springftsh population at Hiko Spring should be responding
differently from those at Ash and Crystal
springs. The interaction is obviously more
complex than predation on larvae or depression of growth. Any or all of the following
factors may be important: (1) habitat complexity, (2) differences in resource availability, (3)
escape cover for larvae, (4) selection ofspawning sites, or (5) other behavioral responses
developed by populations of springftsh and
cichlids upon becoming established in a new
habitat simultaneously. Clearly, a simple
predator-prey model is insufficient to explain
variations in springfish population densities
resulting from introductions ofother species.
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NEST-SITE

SELECT~ON BY SAGE

THRASHERS IN SOUTHEASTERN IDAHO

Kenneth L. Petersen l and Louis B. Best2
ABsTRACT.~Nest sites selected by Sage Thrashers (Oreoscoptes montanus) in southeastern Idaho were characterized and compared with available habitat. Microhabitats within 5 m ofnests had taller and more aggregated shrubs and
less bare ground than the study area in general. Big sagebrush (Artemisia tridentata wyomingensis) plants used for
nesting were taller than aver~~e ,ava.i~ab!e shrubs, had greater foliage density, were more often living, and more
fre~uen.tly had bn~nches and foha~e wlthm30 ~m of the ground. Nest placement was specific with respect to relative
nest heIght and dIstance from the top and penmeter of the support shrub. Sage Thrashers disproportionately used
easterly exposures and underused :westerly exposures for their nests.

Key words: Sage Thrasher, big ~agebrush: shrubsteppe, Idaho, nest-site selection.
STUDY AREA AND METHODS

The study area, consisting of 25 ha of sagebrush shrubsteppe on the upper Snake River
plain 11 km south of Howe, Idaho, is administered by the U.S. Department of Energy as
part of the Idaho National Engineering Laboratory (INEL). Vegetation is dominated by
big sagebrush (Artemisia tridentata wyomingensis), green rabbitbrush (Chrysothamnus
viscidiflorus), and scattered bunchgrasses.
Forbs are sparse and ephemeral, litter accumulations are scant, and much ofthe ground is
bare. In 1980, four 6. 25-ha plots (250 m X 250
m) were established and gridded throughout
at 25-m intervals with steel stakes affixed with
colored plastic flagging.
Data were collected during the breeding
seasons of 1980-1984. Nests were located by
using a rope-drag technique (Petersen and
Best 1985) to flush adults from their nests.
Nests also were discovered by observing
adults feeding young, and many nests were
found incidental to other activities. Each year
several nests were discovered after being
abandoned, and these were included in the
sample. Nests that had deteriorated or were
suspected to have been built before the current year were excluded.
Habitat characteristics of each plot were
quantified in June each year by using 20 X
50-em quadrats (Daubenmire 1959) and line
intercept (Canfield 1941). Each year one to

261

~-----

262

---~-------~.

[Volume 51

GREAT BASIN NATURALIST

four quadrats were placed 2.5 or 5 m from
each grid marker (in different locations
each year); percent coverage of rabbitbrush,
grasses, forbs, litter, and bare ground was
estimated. Additionally, the height of all
sagebrush plants included totally or partially
within quadrats was recorded, and the condition of each sagebrush plant was noted as
dead, 25%, 50%, 75%, or 100% living. We
also qualitatively estimated density of foliage
on the living portions of shrubs as low, intermediate, or high. Canopy continuity (presence or absence of gaps more than 2.0 cm
across) of each sagebrush plant was recorded;
and the profile (presence or absence of any
branches or foliage within 30 cm of the
ground) of sagebrush plants greater than 40
cm tall was noted.
Canopy coverage and dispersion of sagebrush were estimated by line intercept. Each
year 10-25 samples were taken near grid
markers on each plot, different grid markers
being used each year. These samples were
regularly spaced to provide an even distribution of sampling effort across the plot. For
each sample we recorded line intercept of
sagebrush and distance between adjacent
sagebrush plants that were intercepted along
a 5-m tape extending in each ofthe four cardinal compass directions. For each sample the
coefficient ofvariation of intershrub distances
was used as an index ofdispersion; the greater
the index, the more clumped the shrubs. We
averaged the habitat data (exclusive of individual shrub measurements) for each grid
marker and used the grid markers as observational units in statistical analyses. For individual shrub measurements (height, condition,
etc.), the shrubs were the observational units.
To characterize actual nest sites, we re~
corded the same data for shrubs supporting a
nest as for those occurring within quadrats.
We also estimated canopy coverage and dispersion ofsagebrush along a 5-m tape extending from the nest in each of the four cardinal
compass directions. Further, we recorded the
height of each sagebrush plant intercepted.
From 1981 to 1984 we estimated coverage of
rabbitbrush, grasses, forbs, litter, and bare
ground in 20 X 50-cm quadrats placed 2.5 and
5 m from each nest in each ofthe four cardinal
directions. To minimize the potential confounding effects of vegetation change occurring between the time of nest initiation and

our measurements, we took the measure~
ments of rabbitbrush, grasses, forbs, litter,
and bare ground soon after a nest had been
located. However, these measurements were
not recorded for nests abandoned before being located. Data were averaged for each nest
so that nests were the observational units in
statistical analyses. We also recorded the following measurements: (1) height of each nest
(ground to nest rim), (2) distance from the nest
rim to the top of the support shrub, (3) shortest horizontal distance from the center of the
nest to the perimeter of the support shrub,
and (4) compass OJ;ientation ofthe nest relative
to the center of the support shrub. We calculated relative nest height as the ratio of nest
height to the height of the support shrub and
expressed as a percentage.
T tests and chi;square analyses were used
to compare nest~site features with those of
the study area in general. For most t tests,
variances did not differ significantly between
the two groups. When variances differed,
we used the t' test (Sokal and Rohlf 1969:
374-37'5), which relaxes the assumption of
variance homogeneity. There were few significant variations among years in nest-site features used by thrashers or in habitat features
on the study area. Accordingly, data were
pooled for all years.
!

RESULTS

Nest-Site Microhabitat
Sage Thrashers phose nesting areas in which
sagebrush plants Were significantly taller and
more clumped than on the study area in general (Table 1). Percent coverages of sagebrush, rabbitbrush, grasses, forbs, and litter
within 5 m of thrasher nests were slightly
greater than those on the study area in general. Although norie of these patterns was significant, their cumulative effect resulted in
significantly less bare ground near nests than
on the rest ofthe study area.
Nest Substrates
All nests were located in or beneath (on
the ground) sagebrush plants. Shrubs selected for nesting averaged significantly taller
than those representative of the study area
(t = 15.7, df = 5019, p < .001). Moreover, the
range ofshrub sizes used for nesting was much
narrower than that of the available shrubs
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TABLE 1. Habitat characteristi~s within 5 m ofSage Thrasher nests and on the study area in general (x ± SD).
Variable

Near nests

Sagebrush height (cm)
Sagebrush dispersionc
Sagebrush coverage (%)
Rabbitbrush coverage (%)
Grass coverage (%)
Forb coverage (%)
Litter coverage (%)
Bare ground (%)

49
86
23
6
9
4
7
50

± 12(53)"
± 19 (53)
± 10 (53)
± 4 (34)
± 9 (34)
± 7 (34)
± 3 (34)
± 12(34)

Study area

*

*

41 ± 18 (5028)
77 ± 22(401)
22 ± 11(401)
5 ± 7 (484)
8 ± 9 (484)
3 ± 5 (484)
6 ± 6 (484)
55 ± 21(484)

aSample size.
:
hNesting microhabitat differs from study area in geneml (p < .05. t test).
cCoefficiellt ofvariation of intershrub distances.

30

Nest Shrubs
n=53
X±SD=80±17

10

,-

c:

~

Q)

Representative Sample
20

n= 5.028
X±SD =41±18

0..

10

o
o 10 20 3D 40 50 60 ?O 80 90 100>100

Height (em)
Fig. 1. Frequency distributions of heights of Sage
Thrasher nest shrubs and a representative sample ofsagebrush shrubs from the study area in general.

(Fig. 1). Shrubs less than' 50 em tall constituted 73% of all available shrubs; yet no
shrubs in this size range were used as nest
substrates. Indeed, 12% <;>f the nests found
were in or under shrubs greater than 70 cm
tall; shrubs in this size range composed only
7% of all available shrubs.
Shrubs used for nesting by Sage Thrashers
differed from available shn.lbs in several other
respects. Nearly all shrubs used by thrashers
were 75% or 100% living (Table 2). This differed markedly from the distribution of available shrubs among the cQndition classes, in
which many shrubs were less than 75% living.

Further, most available shrubs bearing foliage
had intermediate foliage density. Although
two-thirds of the nest shrubs also had intermediate foliage density, shrubs with high
foliage density were used disproportionately
by thrashers as nest substrates, and shrubs
with low foliage density were used little. The
canopy continuity of shrubs evidently did not
influence shrub selection by thra.shers; the
frequencies with which gaps occurred in the
canopies of nest shrubs and available shrubs
were nearly identical. Finally, a significantly
greater than expected proportion of shrubs
used for nesting had branches or foliage
within 30 cm of the ground.
Nest Placement Within Substrates
Thrashers placed their nests deep within or
beneath shrubs (Table 3). Nest height averaged only slightly more than a third of the
substrate height. Further, nests were placed
horizontally relatively far from the perimeter
and close to the center ofthe shrub. Several of
these measurements are noteworthy because
oftheir relative constancy; coefficients ofvariation were small for relative nest height and
distances from the nest to the perimeter and
the top of the shrub.
The overall pattern of Sage Thrasher nest
orientations (Fig. 2) was not Significantly dif~
ferent from a uniform distribution (X 2 = 9.6,
7 df, p = .22), but easterly (NE, E, SE) exposures were more prevalent than westerly
(NW, W, SW) exposures. A comparison of all
easterly orientations (combined) to all west~
erly orientations was significant (X 2 = 6.1,
1 df, p = .02).
DISCUSSION

Sage Thrashers were selective in their
choice of nest sites. In microhabitats chosen
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TABLE 2. Comparisons of Sage Thrasher nest shrubs with a representative sample of sagebrush shrubs from the
study area in general. Values represent frequencies of occurrence and percentages (in parentheses) ofthe total.

Variable

Representative
sample

Nest
shrubs

Condition
Dead
25% living
50% living
75% living
100% living

1 (2)
0
2(4)
13 (24)
37(70)

1109(22)
312 (6)
617 (12)
709(14)
2269(45)

Foliage density
Low
Intermediate
High

3(6)
35 (67)
14(27)

515 (13)
2762(71)
632(16)

Canopy continuity
With gaps
Without gaps

22(42)
31(58)

2041 (41)
2959 (59)

Profile
Full"
Not full

p

27.15

< .01

5.87

.05

0.01

.99

I

4.91
1875(80)
461 (20)

49(92)
4(8)

[

.03

:tBranchcs or foliage within. 30 em of the ground.

TABLE 3. Aspects ofnest placement by Sage Thrashers.
Variable"
Nest height (em)
Relative nest height (%)
Horizontal distance
to perimeter (em)
Horizontal distance
to center (em)
Distance to top (em)

x

SD

CV

30
37

13
12

43
33

33

8

25

17
47

10
11

63
24

:in = 53 for all variables.

for nesting, the coverage of sagebrush seemingly was not important, but the size and spatial distribution of the shrubs were. And
thrashers seemed to select areas in which total
vegetation coverage was sufficient to lessen
the amount ofbare ground. Other studies also
have documented nonrandom use of microhabitat for nest sites (e.g., MacKenzie and
Sealy 1981, Petersen and Best 1985). Further,
shrubs selected as nest substrates differed
from the sample of shrubs representative of
the study area in nearly every character that
we measured.
Ultimate causes of nest-site selection patterns of Sage Thrashers are unknown, but two
likely selective agents are predation pressure
and microclimate. For example, Sage Thrashers may place their nests in large shrubs because their nests are large and bulky (personal
observation) and would be less conspicuous in
large than in small shrubs. Placement of nests
in living shrubs, in shrubs with high foliage

Fig. 2. Distribution ofSage Thrasher nest orientations
(n = 53) relative to the center of the support or overhead
(for ground nests) shrub. The length ofeach bar is proportionate to the number ofnests having that orientation.

density, and in shrubs with branches and
foliage within 30 em of the ground could be
influenced by the need for concealment or
cover from predators or weather. Nest concealment in birds is related in part to probability of predation br amelioration of microclimate (e.g., Pleszczynska 1978, Wray and
Whitmore 1979, Murphy 1983, Martin and
Roper 1988). The potential importance ofnest
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obscurement and cover for thrashers is suggested also by observations of platforms of
twigs in shrub canopies above some nests
(Rich 1980, 1985; personal observation). Rich
(1980) believed that some such canopies were
old nests, but none that we observed appeared so. In one instance that we observed,
twigs were placed in the shrub canopy about
one week after the nest was initiated.
Aspects of nest placement within substrates
(e.g., nest height, nest orientation) also have
been found to be related to nesting success
(e.g., Murphy 1983, Weshnoreland and Best
1985) and microclimate amelioration (Horvath 1964, Rich 1978). In particular, nonrandom nest orientation typically is thought to
reflect responses by birds to prevailing winds
or the radiative environment (e.g., Austin
1976, Petersen and Best 1985, Ferguson and
Siegfried 1989). Favoring easterly and avoiding westerly exposures for nests may reflect
attempts by thrashers to maximize exposure
to the morning sun, shading from the afternoon sun, or both.
It is possible, of course, ,that factors other
than predators or microclimate accounted
for the patterns we observed. For example,
selection of a large shrub for nesting may
denote the need for structural support for the
nest. The tendency ofSage Thrashers to select
microhabitats with hu·ge,. clumped shrubs
might simply reflect the spatial distribution of
areas conducive to robust sagebrush growth.
Thus, selection of a large shrub for nesting
could, de facto, place the nest in an area
of large, clumped sagebrush. Or, because
thrashers forage primarily on the ground (personal observation), clumped shrubs perhaps
provide a favorable interspersion of shrubs
and openings for foraging near the nest.
Although the determinants of nest-site
selection by Sage Thrashers are not known
for certain, several lines of evidence suggest
that thrasher nest-site selection is strongly
stereotypic. First, the use Qf sagebrush plants
as nest substrates is ubiquitous. Reynolds and
Rich (1978), Rich (1978, 1980), and Reynolds
(1981) also found nests only in or under big
sagebrush plants. Castral~ (1982) found one
thrasher nest in a juniper (Juniperus osteosperma) tree. To our kno~ledge, this is the
only documented instance bf a Sage Thrasher
nest in anything but sagebrush. Second, Sage
Thrashers are specific in that their nest sites
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differ in many respects from the average available habitat. Third, variation in the height of
shrubs chosen (coefficient ofvariation = 21%,
compared to 44% for the representative sample of shrubs from the study area) and in several of the nest placement variables is small
(Table 3). Moreover, the mean nest shrub
height is similar to means reported in other
studies (Reynolds and Rich 1978, Rich
1980, Reynolds 1981, Castrale 1982). Sage
Thrashers are characteristic of most sagebrush-dominated rangelands in the United
States (Wiens and Rotenberry 1981), and because thrashers have evolved in sagebrush
habitat, the specificity of their nest-site selection should not be surprising. The patterns
that we observed likely have been molded by
a long history of exposure to a particular suite
of selective agents.
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FISHES OF BLY TUNNEL, LASSEN COUNTY, CALIFORNIA
Peter B. Moyle l , Thomas Kennedyl, Derek Kudal , Laurie MartinI, and Gerold Grant"
ABSTRACT.-Leon Bly Tunnel, which connects Eagle Lake to Willow Creek, was investigated to see if the water
issuing from the tunnel was lake water or spring water and to check reports ofits being inhabited by fish. We found that
the water was similar to that ofhighly alkaline Eagle Lake, despite a block placed in the "tunnel in 1986. Five species of
fish were found in the tunnel, the same species inhabiting both Willow Creek and Eagle Lake, although the creek was
much warmer and less alkaline th~n the lake. The fish originated from the creek. Fish in the tunnel were either not
feeding or were consuming snails (Vorticifex sp.), the principal invertebrate present. The largest fish (35 cm SL)
captured were rainbow trout (Oncorhynchus mykiss).

Key words: Eagle Lake, rainbow trout, Lahontan redside, fish.

Leon Ely Tunnel was constructed in 1923 to
deliver water from Eagle Lake, a large natural
lake on the western edge of the Great Basin,
Lassen County, California (lat. 40 37', long.
1200 45'), to the Honey Lake Valley for irrigation. The tunnel is about 2 km long and was
cut through old lava flows. The water flows
from the tunnel into a ditch that joins Willow
Creek, a spring-fed stream. The tunnel was
abandoned as a source of irrigation water
shortly after it was built (1936) because falling
lake levels reduced its ability to deliver water
and a landslide partially blocked the tunnel
entrance (Amesbury 1971, Purdy 1988). However, water continued to flow from the tunnel,
and in November 1986 the Bureau of Land
Management installed a concrete plug in the
tunnel in an attempt to raise the lake level
(Purdy 1988). In June and July 1990 we investigated the tunnel to see (1) ifthe water issuing
from it was lake or spring water and (2) ifthere
were fish in it. The latter aspect was investigated because oflocal tales that the tunnel was
full of'blind cave fish."
0

STUDY AREA

Eagle Lake is a large (ca 12,500 ha) terminal
lake that is alkaline (pH 8.5-9.1) and very
productive (Huntsinger and Maslin 1976).
It contains the only population of rainbow
trout (Oncorhynchus mykiss aquilarum)
native to the Great Basin (Busak et al. 1980),
as well as tui chub (Gila bicolor), speckled

dace (Rhinichthys osculus), Lahontan redside
(Richardsonius egregius), and Tahoe sucker
(Catostomus tahoensis). Bly Tunnel begins at
the lake on the eastern shore of the southern~
most of the lake's dlree basins but can only
be entered at its mouth. A steep shaft about
halfway along its length was used during the
1923 excavation and is currently barred by a
locked gate. The tunnel itselfis 2.1 m high and
2 m wide at the base, with walls that are about
halfbare rock, half concrete. The water in the
tunnel is 40-50 cm deep and forms riflles and
pools in places where rock has fallen into the
tunnel or sand and debris have accumulated
on the bottom. After leaving the tunnel, the
water flows 600 m through a long, shallow
ditch (average depth about 30 cm) that has
little cover for fish. The ditch empties into
Willow Creek, which has its origins about
1 km upstream in a series of seeps and springs
that coalesce in a large, wet meadow. Willow
Creek, tributa,ry to the Susan River, contains
the same fish species as Eagle Lake, with the
addition of Paiute sculpin (Cottus beldingi),
although rainbow trout are very scarce and
found primarily in the 1 km of stream below
the mouth of the ditch. These trout probably
originated from fish planted in the stream at
some earlier time.
METHODS

Total alkalinity and hardness (both as mg
CaC03 per L) were measured using Bausch

IDepartmentofWildlife and Fisheries Biology, University ofCalifomia. Davis, DaViS, Califi>rnia 95616.
2Departmcnt ofBiological Sciences, California State University, Chico, Chico, California 95929.
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TABLE 1. Some characteristics of the water of Eagle Lake, Bly Tunnel, and Willow Creek, June 1990.
Conductivity Alkalinity"
Eagle Lake
BlyTunnel
Headwater springs
Willow Creekc

910
860
180
380

440
410
60
380

Hardness" Temperature
(C)
280
260
80
200

Flow
(m3/min.)

18h
11

21
21<1

4.4
2:0

77

Time

Date

1015
1530
1430
1430

6/29
6/19
6/19
6/23

'M!(CaCO.,/L.
hSurface temperature; coldest temperature (at 14 m) W'JS 14 C.
'Just below convergence with ditch from tunnel.
"The spring flows warmed to25 C and the tunnel water to 18 C by the time they converged.

COther springs contribute to flow as well a.'i headwater springs.

and Lomb Spectrokits (titration). Conductivity was measured using a Hach portable conductivity meter. Water velocities were determined using a Marsh-McBirney Model 201
electronic flow meter. Flows (m3/min) were
approximated at each locality by measuring
depths and mean water column velocities at
10 evenly spaced places on a transect across
the stream and then multiplying width by
mean water column velocity (m/sec) by mean
depth by 60. Fishes in Willow Creek were
collected with a Smith-Root Type XI electrofisher at numerous localities during 17
June-IS July 1990 as part ofa detailed study of
the creek's fish fauna. The tunnel fauna was
sampled on 4 July 1990 between 1300 and
1500 hr. Only the first 600 m of tunnel was
investigated, and at the farthest point the light
from the end of the tunnel was still faintly
visible. The conductivity bf the tunnel water
was too high for electrofishing, so fish were
collected with dipnets. This proved easy to
do, as they were confused by the light from
Our flashlights. Samples offish from the creek
and the tunnel were killed and then preserved
in a 4% formaldehyde solution for dietary
analysis. Diets were determined by identifying the stomach contents and estimating relative volumes of each item using the points
method of Hynes (1950). Most fish were discarded after use, but voucher specimens are
in the University of California, Davis, fish
collection. Tunnel invertebrates were sampled with a kick screen.
RESULTS

The chemistry ofthe water issuing from the
tunnel had a high conductivity, hardness, and
total alkalinity (Table 1). All values were only
slightly lower than those of Eagle Lake and

much higher than those of spring water feed~
ing Willow Creek. Temperature of the tunnel
water was 11 C, cplder than either the stream
or lake (Table 1). At the point it flowed into the
creek it had warmed to 18 C (late afternoon).
The outflow of the tunnel contributed more
than half the flow; of Willow Creek, raising its
alkalinity, hardness, and conductivity. The
tunnel water also, caused lower temperatures
in the creek in a reach ca 500 m below the
ditch entrance. However, because the stream
is wide, shallow, and without riparian vegetation (due to heavy grazing), the water temperatures below this reach were typically
23-24 C by late afternoon in late June and
early July.
Fish were common in the tunnel and were
first noticed· approximately 20 m up from
the· entrance. In order of abundance, the
fishes collected were Lahontan redside (25),
Tahoe sucker (6)" speckled dace (5), rainbow
trout (2), and tui chub (1), although speckled
dace and Tahoe sucker may have been undersampled because of their tendency to hide in
bottom debris or, in crannies along the side
of the tunnel. In Willow Creek the fishes
present, in order of numerical abundance,
were speckled dace, Lahontan redside, Tahoe
sucker, tui chub, Paiute sculpin, and rainbow
trout. The size classes of fish encountered in
the tunnel were similar to those found in the
stream, except that young-of-year fish «30
mm SL) seemed to be absent and the two
rainbow trout captured were larger than any
taken from the stream. The largest trout,
which was captured and released, was a hookjawed male in spawning colors 350 mm SL.
The other trout was a 184-mm-SL male. The
largest fish other than trout were two 140150-mm-SL suckers that were also captured
and released. All fishes captured were similar
in coloration to fish in the stream, and the
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TABLE 2. Percentages of items in diets offishes from Willow Creek and Bly Tunnel, Lassen County, California, in
July 1990. A more detailed taxonomic breakdown of the gut contents is available from the senior author.

N

Lahontan redside
Tunnel
16
Creek
50

No.
empty OdoSL
(mm) stomachs nata

Ephemeroptera

Trichoptera

12

18

7

15
59

10
15

5
55

41
38

5
39

8

71

1
18

60
57

1
1

10

56

Tahoe sucker
Tunnel
Creek"

4
24

99
70

3
2

12

26

Rainbow trout
Tunnel

1

184

0

Paiute sculpin
Creek

21

51

8

Speckled dace
Tunnel
Creek
Tuichub
Tunnel
Creek"

Coleop- Hemiptera
tem

4

2

12

2

Diptem

Misc.
Gastro- inverte- Algae!
poda
brates detritus

6
5

7
4

86
9

6

2

3

2
30

"-i

16

32

3

10

15

5

5
2

12

95
2

100
59

6

9

6

2

17

3Excludes unidentifiable material which made up >70% ofgut contents.

larger redsides had traces ofred on their sides
(as did the creek fishes), remnants ofspawning
colors (Moyle 1976). All fish appeared healthy
and showed no signs of starvation. The only
fish observed in the ditch between the creek
and the tunnel were a few small speckled
dace, which we were unable to capture. Two
standard minnow traps set overnight at the
mouth of the tunnel failed to catch any fish,
although such sets are generally successful in
Willow Creek.
The guts offishes collected from the tunnel
.were either empty or full of Vorticifex (Para~
phlox) sp., a snail that was the principal
aquatic invertebrate collected in the tunnel
and which literally coated the bottom in
places. Two redsides, however, also contained some adult insects (Table 2). Snails
were relatively uncommon in the diets of
Willow Creek fish, which fed primarily on
aquatic insects. The only aquatic invertebrates besides snails collected in the tunnel
were large annelid worms.
DISCUSSION

The highly alkaline water flowing through
Bly Tunnel clearly has its source in Eagle
Lake. Presumably, underground passage
cools the water to 11 C. The fish, however,
most likely moved up from Willow Creek, as
they are roughly in the same relative abun-

dances in the tunnel as in the creek, except for
the absence of sculpins. Further evidence of
this is that the rainbow trout captured were
clearly wild fish (although not native to the
drainage), with the fin conformations associated with wild fish. Trout in the lake are all the
result of planting, and most have deformed
fins from their hatchery rearing; in addition,
they are planted at sizes larger (25-30 cm)
than most trout in the tunnel and creek.
Scales from the 184-mm trout indicated that it
was 2+ years old, a fairly typical size for a
stream rainbow trout (Moyle 1976). The ages
and growth patterns of Lahontan redsides
from the tunnel, as revealed by examination of
scales, did not seem to differ from those of
stream fish.
It seems likely that the fish are recent invaders of the tunnel. Presumably, they
moved up earlier in the year when the water
in Willow Creek was cooler and there was less
of a temperature gradient. The clear water of
the outflow ditch provides little shelter from
bird predation, so fish are likely to persist in
this area only if they move into the tunnel. We
have observed Common Mergansers in the
ditch, and our studies of Willow Creek indicate that predation by several species ofbirds
is a major factor limiting fish populations
(unpublished data). Although we failed to
catch any fish in minnow traps set near the
tunnel mouth, the presence ofadult insects in
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two redside stomachs indicates either that individuals occasionally may venture out to feed
or that individuals are continually arriving despite the temperature gradient and their-vulnerability to predators in the ditch. Speckled
dace may venture out to feed at night, the
time they are most active in the creek, but the
other fishes are more active during the day
(unpublished data). The healthy appearance
ofall fish indicates they are not s~arving under
tunnel conditions.
This study also shows that the attempts to
block Bly Tunnel to keep it from draining
Eagle Lake have been at best only partially
successful. The comparatively low flows now
coming out of the tunnel may simply be the
result oflow lake levels following a long series
of dry years. If the lake level rises again, outflow of the tunnel should be monitored and
further attempts made to block the outflow if
it is found to be keeping the lake at an artificially low level.
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HEAVY METAL TOLERANCE OF INLAND SALTGRASS (DISTICHLIS SPICATA)
R. A. Prodgers 1 and W. P. Inskeep2

ABSTRACT.-Inland saltgrass (Distichlis spicata) occurs on at least two metal-contaminated sites in southwestern
Montana. As a result ofmining, milling, and smelting activities, soils have elevated concentrations ofcopper, zinc, and
manganese. One soil is acidic (upper horizons), slightly saline, and moderately sodic. The other soil is alkaline,
nonsaline, and nonsodic. The fact that inland saltgrass grows on these soils and does not accumulate dangerous levels of
metals makes it a candidate,species for revegetating hardrock mining and other metal-polluted sites.

Key words: inland saltgmss, Distichlis spicata, preadaptation, metal-contaminated soils.

Distichlis spicata (L.) Green vat. stricta,
Prodgers (1978) reported sodium adsorp(Torr.) Beetle, commonly known as inland tion ratios (SARs) >60 for saltgrass commusaltgrass, is a perennial, shallow-rooted, warm- nity soils. Ludwig and McGinnies (1978) re~
season grass that grows from hard, scaly rhi- ported an SAR of 4 in the A horizon and 19 in
zomes. Palatability is low but is enhanced by the C horizon. Soil pHs for inland saltgrass
heavy cropping, which also promotes a dense communities commonly range from 7 to 10
sod (Weaver 1954).
(Poole 1980).
D. spicata is most commonly found on
The ability ofsaltgrass to grow on salty sites
moist saline soils in the Great Plains. Daubenmay depend on its ability to' exclude salts.
mire (1914) referred to inland saltgrass as an
Distichlis spicata can survive salt~stressed enexample of plant zonation around a saline
vironments
by a process in which vacuolar
basin; saltgrass was found in the wettest and
saltiest sites occupied by vascular plants. compartmentation of salt is followed by osElsewhere, other species may exhibit greater motic compartmentation in the cytoplasm via
salt tolerance (Dodd et al. 1964, Unger 1974). an organic solute such as proline (Daines and
The soil salt content associated with saltgrass Gould 1985). Inland saltgrass maintains high
communities can range at least from 0.03 to osmotic pressure in the cell sap. Dodd and
5.6% (Ungar 1974). Inland saltgrass can toler~ Coupland (1966b) measured osmotic presate an average soil electrical conductivity sures in D. spicata of 22-48 atmospheres in a
(EC) of 66 mmhos/cm in the upper 10 cm of saline meadow community. This suggests that
soil (Ungar 1969). However, in mixed-prairie the membranes of saltgrass can extract water
communities where saltgrass is abundant in from the matrix of saline soils. Efficient memeast central Montana, saltgrass occur on soils branes might also exclude salts and metals
with ECs of ::;2 (Prodgers 1978). Saltgrass from critical sites in the plant. Distichl~s has
abundance appears to increase in response to been reported,to secrete salts, allowing it to
grazing intensity in mixed communities adja~ survive what would otherwise be excessiv,e
ionic accumulation (Frey-Wyssling 1935, as
cent to more saline sites.
the relative abundance of cations and an- cited in Ungar 1974).
We speculate that salt-excluding mechaions in soils of saltgrass communities varies
with soil horizon and site. The predominant nisms may preadapt saltgrass to grow on
metal-rich sites and suggest that, if so, saltcat~on is usually sodium, but Illagnesium, potassium, or calcium may be abundant (Dodd grass might be planted on metal-contamiet aL 1964, Dodd and Coupland 1966a, Lud~ nated sites to provide cover. Due to the rhiwig and McGinnies 1978). Principal anions zomatous growth form, saltgrass spreads
vegetatively and controls soil erosion. Low
are sulfate, bicarbonate, and chloride.
12715 Ottawa, Butte, Montana 59701.
2Department of Plant and Soil Science, Montana State University. Bozeman, Montana 59717.
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Fig. 1. Inland saltgrass community on streambank tailings near Ramsay, Montana. Floods deposited tailings and
mining detritus along stream. Contagious distribution ofvegetatively spreading saltgrass community is evident.

along the creek (CH2M Hill 1989). These tailings deposits now occur along the creek in
distinctively colored strata, most ofwhich are
rich in heavy metals and low in pH due to
pyrite oxidation. Some taller plants, such as
willows, have survived tailings deposits, but
shorter vegetation was buried and current
grass and forb plant communities represent
colonization by adapted species.
The second community occurs on an upland
Mollisol
derived from frost-worked travertine
SITES AND METHODS
a few hundred meters from the copper smelTwo Distichlis spicata communities were ter stack near Anaconda, Montana, in Section
investigated on metal-rich soils in southwest- 12, T4N, RllW, at an elevation of 1740 m
ern Montana. One community is situated on (Fig. 2). This site has received heavy metal
stream-deposited hardrock mine tailings deposits and sulfur dioxide fumigation from
along Silver Bow Creek near Ramsay, Mon- the smelter stack dating roughly from 1900 to
tana, Section 22, T3N, R9W, at an elevation 1980. Vegetation within several miles of the
of 1615 m (Fig. 1). The tailings originated at stack has been dramatically affected by stack
upstream milling and smelting operations emissions. Erosion from a nearby road has
along the creek from 1860 to 1910. A series of resulted in soil deposition in the Distichlis
floods in the 1890s and a major flood in 1908 spicata community. Inland saltgrass does not
washed tailings into the creek. Subsequent typically occur on upland Mollisols.
floods since 1908 (particularly in 1948, 1975,
Three soil pits were located to encompass
1980, and 1981) have re-deposited tailings surficial variability within each community.

palatability is desirable for revegetation of
metal-contaminated sites.
To determine the metal tolerance and
metal-excluding capabilities of saltgrass, we
measured the metal concentrations of saltgrass tissues and associated soils at two contaminated sites. Comparison is made between
acceptable metal levels in livestock forage and
normal metal concentrations in soils.
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Fig. 2. Inland saltgrass-Great Basin wildrye plant community near copper smelter at Anaconda, Montana. Although
Great Basin wildrye is more conspicuous in the photo due to its height, saltgrass has greater canopy coverage. Heavy
metals in soils were deposited as airborne fallout from the copper smelter (background) and through deposition of
erosional sediments.

Soil pro:6.les were described and .5 kg of soil saturated paste extracts. Soils were digested
was collected from each horizon at each pit. in 411 HN03 at 70 C overnight (Chang et at
Particle size was determined follOwing the 1987) for total analysis of copper, manganese,
procedure of Day (1965). Electrical conduc- and zinc. Extractable metal concentrations
tivity, SAR, and pH were determined from .were determined using DTPA (Lindsay and
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1. Profile description for streamhank mine tailings soil near Ramsay, Montana.
Depth
(cm)'

A

0-13

C1

13-20

C2

20-33

pHa

ECa
(mmhos/cm)

SARa

slightly hard none
very friable (underground
nonstick)',
culms)
nonplastic

4.0-4.9

4-8

1-4

soft
very friable
nonsticky,
nonplastic

culms, rhizornes, very
few medium,
fine, and very
fine roots

5.4-7.6

4-8

2-5

hard
very friable
nonsticky,
nonplastic

COllllllon

5.4-7.6

4-8

2-5

Texture

Structure

Consistency Roots

very fine
sandy loam

massive

fine and very massive
fine sandy
loam

very fine
sandy loam

massive

very fine
sandy loam

massive

slightly hard few rhizomes,
friable
few fine and
slightly
very fine roots
stick}',
slightly plastic

6.5-7.6

2-10

2-9

medium,few
fine and velY
fine roots

Ab

,33-46

C1b

46-74

silt loam

massive

soft
few fine
friable
and very
slightly
fine roots
sticky,
slightly plastic

7.8-7.9

1-7

2-13

C2b

74-100

silt loam

massive

slightly hard few fine
friable
and very
slightly
fine roots
sticky,
slightly plastic

7.8-7.,9

1-7

2-13

2Cb

100-127

very fine
sandy loam

massive

soft
friable
nonstick}',
nonplastic

7.5-8.0

1-3

3-18

very few fine
and very
fine roots

aRanges based on three field subsamples ofeach horizon.

Norvell 1969, Soltanpour et al. 1976) in the
,absence of triethanolamine. Copper, zinc,
and manganese concentrations in digestates
and DTPA extracts were analyzed using in-.
ductively coupled plasma emission spectroscopy (ICP).
Soil profile descriptions are summarized
in Tables 1 and 2. At the streambank tailings
site, near-surface horizons ate acidic, but pFI
increases in the deeper, poorly aerated hori~
zons. These tailings generate acid in an oxidized environment. This soil is slightly saline,
but sodium is not excessive, although borderline in some horizons. At the smelter site,
where the soil parent material is frost-worked
travertine, pH is slightly alkaline, the soil is
nonsaline, and due to the predominance of
calcium, SARs are <1.
Plant communities were sampled by esti~

mating canopy coverage (Daubenmire 1959)
in 20 X 50=cm quadrats placed atl=m intervals
(smelter) or 3-m intervals (tailings) along linear transects. Due to the shapes of the plant
communities, the tailings D. spicata community was sampled along a single 75=m transect
(n = 25), whereas the smelter community was
sampled along three transects with total
length of40 m (n = 40). The larger sample size
was appropriate for the more heterogeneous
community at the smelter site. Aboveground
plant tissue samples were clipped above 3 cm
at random intervals along transects, separated
into foliage and inflorescences, oven-dried at
70 C, chopped, digested in nitric-perchloric
acid, and analyzed with ICP (Havlin and
Soltanpour 1980). Inflorescences make up a
small portion of saltgrass production in most
years.
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TABLE 2. Profile description for soil near copper smelter at Anaconda, Montana.
Horizon

Depth
(cm)

A

pH'

EC'
(mmhos/cm)

SAR'

soft
.few stems,
very friable rhizomes
slightly
sticky,
slightly plastic

7.4--8.0

0.6-0.8

0.2

moderate
medium
angular
blocky

soft
few fine and
very friable very fine roots
slightly sticky,
slightly plastic

7.2-7.8

0.3-1.1

0.1-0.2

mas~ive

soft
very friable
nonstick)',
nonplastic

7.5-8.1

0.4--0.9

0.2

Texture

Stmcture

Consistency Roots

0-8

very fine
sandy loam

massive

Ab

8-25

gravelly
very fine
sandy loam

Bw

24-25+

gravelly
very fine
sandy loam

common fine
and very
fine roots

3Ranges based on three field subsamples of each horizon.

TABLE 3. Species composition of two Distichlis spicata var. stricta communities.
Streambank tailings site

9anopy
SpecIes

coverage

Frequency

Copper smelter site
Canopy
coverage

Frequency

----------------------------%---------------------------Agrostis sp.
Distichlis spicata
Elymus cinereus
funcus balticus
Muhlenbergia asperijolia
Tetradymia canescens
Litter
Bare soil
Surficial rock fragments h

NP'
32.6

92

~

1.0
NP
NP
39.7
~3

NP

4

0.1
32.8

2
95

ITO

00

NP

Ql

2

100

1.9
45.3

5
100

~

~6

~

18

~

3NP = not present.

b>2mm.

and extractable metal determinations. The
average coefficients of variation for extractable and total metal determinations were
3.0% and 3.4%, respectively, demonstrating
good precision for laboratory techniques.
Therefore, the high variability in metal concentrations from proximate soil samples ap,pears to be due to variations in alluvial deposits rather than imprecise analysis.
At the smelter site, total and available metal
concentrations decrease with depth as expected for pollutants deposited on the surface
RESULTS AND DISCUSSION
(Table 4). Root distribution was difficult to
quantify due to the presence of 20-35% rock
Metal Concentrations of Soils
fragments, but roots were scarce below. 5 m.
Tables 4 and 5 preseI).t mean concentrations Flagstones often terminated root penetration
of Cu, Zn, and Mn by soil depth at each site. and resulted in concentrations of roots immeSubsample concentrations of metals for each. diately above the flagstones. The A horizon
depth increment varied, thus the rather large contained mostly stems and some rhizomes,
variance. Three replicates of one soil sample so roots were most abundant in the Ab and Bw
were analyzed concurrently with other total horizons (8-45+ em).

Plant community compositions are summarized in Table 3. Distichlis spicata is the sole
dominant species in the community located
on the streambank tailings. At the smelter
site, the much taller Elymus cinereus is subdominant in coverage, and several other species ate present. Elymuscinereus, Muhlenbergia asperifolia, and Tetradymia canescens
are more abundant at other sites near the
smelter than is D. spicata.
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TABLE 4. Heavy metal concentrations in copper smelter soil supporting Distichlis spicata (means and standard
deviations).
Zn

Cu

Depth (cm)

Mn

- - - - - - - - - - - - - - - - - - - - - - fLglg soil --------------------0~8

Total
DTPA

3600 ± 980
410 ± 52

2600 ± 520
180 ± 47

1200 ± 130
2.8 ± 2.1

8-25

Total
DTPA

. 1900 ± 650
320 ± 150

1400 ± 480
200 ± 37

780 ± 160
11± 14

25-45+

Total
DTPA

410 ± 180
190 ± 110

500 ± 170
200 ± 50

570 ± 69
13 ± 17

TABLE 5. Heavy metal concentrations in alluvial tailings soil supporting Distichlis spicata (means and standard
deviations).
Cu

Depth (cm)

Zn

Mn

- - - - - - - - - - - - - - - - - - - - - - fLglg soil ---------------------

0-13

Total
DTPA

3700 ± 1200
800 ± 220

1700 ± 480
240± 72

1700 ± 510
170 ± 76

13-33

Total
DTPA

13,000 ± 3600
690 ± 190

5700 ± 1700
130 ± 80

5300 ± 1200
68 ± 42

33-46

Total
DTPA

9200 ± 7300
440± 290

6200 ± 4800
86 ± 50

4900 ± 6400
41 ± 35

46-100

Total
DTPA

340 ± 250.
43 ± 30

410 ± 420
26 ± 27

710 ±, 380
31 ± 13

100-127

Total
DTPA

120 ±
15 ±

67 ±
3.9 ±

310 ± 200
11± 6.1

At the streambank tailings site, the depositional sequence of varied tailings materials
and subsequent migration of soluble metals
have resulted in the highest metal concentrations in the zone where roots are most abundant (13-46 cm depth). Metal concentrations
were lower in the surface horizon (0-13 cm)
where underground stems and rhizomes were
well represented but few roots occurred.
Metal concentrations were lowest in the
46-127-cm-depth interval, where roots were
less common than higher in the profile.
. Total Cu concentrations in the upper 46 cm
at the streambank tailings site and upper 8 cm
at the smelter site were 100 or more times
higher than "normal" soils. Total Cu concentrations in soils summarized by Adriano (1986)
averaged 30 /Lg Cu/g soil, ranging from 2 to
250 /Lg Culg soil. Total Cu concentrations in
samples of soils in Japan ranged from 4 to 176
/Lg Cu/g soil (Iimura 1981). In Japan the legal
limit of Cu in agricultural soils is 125 ppm
(based on 0.1 N HCI extraction), as stipulated
in the Agricultural Land Soil Pollution Prevention Law (Chino 1981).

73
30

40
2.5

Total Zn concentrations in the upper horizons ofthe studied saltgrass soils were roughly
15 to 70 times higher than average. Adriano
(1986) reported total Zn concentrations ranging from 1 to 900 /Lg Zn/g soil; the average was
90 /Lg Zn/g soil. Soil samples from Japan contained 10 to 662 /Lg Znig soil (Iimura 1981).
Total Mn concentrations reported in Tables
4 and 5 range from normal to about 10 times
higher than usual. Total Mn concentration in
~oils reported by Shacklette et al. (1971) averaged 560 /Lg Mnig soil, with values ranging
from 1 to 7,000 /Lg Mn/g soil. In another summary, the mean total Mn content of surface
soils ranged from 80 to 1,315 /Lg Mnig soil
(Kabata-Pendias ap,d Pendias 1984).
In a different study conducted near East
Helena, Montana, soils were sampled and
mapped on the basis of metal contamination
from a smelter located in East Helena, which
is about 89 km northeast of the study sites
reported here. Soils that presumably were
unaffected by smelter pollution had geometric mean DTPA-extractable concentrations
in the upper 38 cm of soil of approximately
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TABLE 6. Heavy metal concentrations in foliage ofDistichlis spicata and Elymus cinereus grown on soils described in
Tables 1, 2, 4, and 5.
'
Site

Species

Cu

Zn

Mn

- - - - - - - - - - - - - - - - - - - ILg/g tissue - - - - - - - - - - - - - - - - - -Tailings

Smelter

D. spicata
Inflorescence
Foliage

490
130

490
230

430
150

D. spicata
Inflorescence
Foliage

260
94

190
120

45
25

87

91

39

E. cinereus
Foliage

1 mg/kg Cu, 15 mg/kg Mn, and <0.1 mglkg Zn
Animals are tolerant of high Zn levels in
(CH2M Hill 1987). The soils reported here their diet (National Research Co~ncil1979).
contain far more Cu and Zn than these back- Maximum tolerable diet concentrations of Zn
ground concentrations.
are 500 f.Lg Zn/g forage for cattle and 300 f.Lg
In summary, comparisons of our data with Zn/g forage for sheep (NAS 1980). Cereal
those reported in the literature demonstrate grains and vegetables usually contain less
that the upper .5 m of soil at the streambank than 50 f.Lg Zn/g tissue (Kabata-Pendias and
tailings site had very high concentrations ofall . Pendias 1984). While elevated, the foliar Zn
three metals. The smelter soil had very high concentration of saltgrass is acceptable for
Cu and Zn concentrations, butn~t Mn.
livestock grazing.
Considering the very high metal concentraMetal Con~entrations ofFoliag'e
tions in the soil, D. spicata appears largely to
Foliar metal concentrations of Distichlis exclude these metals from foliage. Only the
spicata and Elymus cinereus were similar; Cu concentrations are near or above levels
however, D. spicata inflorescences accumu- that might pose a problem if humans conlated higher metal concentrations, particu- sumed livestock that grazed solely on foliage
larly Cu, than did foliage (Table 6).
grown on heavily contaminated soils from the
Plant shoots usually do not accumulate affected areas. However, livestock ingestion
more than 200 f.Lg Cu/g foliage (dry weight), a of contaminated soils could greatly increase
concentration often considered the threshold livestock intake of heavy metals, particularly
value above which plant injury may occur when a short-grass such as inland saltgrass
(Kabata-Pendias and Pendias 1984). Maxi- is grazed. For this reason, livestock grazing
. mum tolerable levels of Cu in forage (total of heavily contaminated sites is not recomdiet) for cattle, sheep, and horses are 100, 25, mended. Under open-range grazing condiand 800 f.Lg/g of forage, respectively (NAS 'tions, unpalatable species are desirable for
1980). These values are based on residues in revegetation of metal-contaminated sites.
human food as well as animal health. Foliar
The preadaptation of saltgrass for metalrich sites, its low palatability, and its soilconc~ntrations reported in Table 6 are unacceptable for sheep, marginal for cattle, and binding charactelistics make D. spicata an
acceptable for horses, ,since horses are not attractive grass for revegetation ofappropriate
generally considered a meat source in the sites. Special metal-tolerant varie1;ies could be
developed from genotypes pres~nt on sites
United States.
The maximum tolerable diet concentration such as those reported here. In current reof Mn for cattle and sheep is 1000 f.Lg Mn/g vegetation practices, D. spicata is usually
forage (NAS 1980). Many plant species are propagated from rhizomes due to problems
affected by Mn concentrations around 500 f.Lg with germination and seedling emergence;
Mn/gtissue (dry weight), but resistant species however, seeding is much cheaper and more
or races can tolerate concentrations above convenient. Stratification and scarification
1000 f.Lg/g. The foliar Mn concentration of treatments can increase naturally low germisaltgrass (Table 6) is acceptable for livestock.
nation (Cluff et al. 1983). Metal-tolerant races
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of inland saltgrass have potential for revegetation of metal~contaminated areas in the
West if establishment from seed proves to be
practical.
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NOTES ON CRYPTOGAMIC PLANTS OF UTAH:
RANGE EXTENSIONS AND SPECIES NEW TO THE STATE
FROM CAPITOL REEF NATIONAL PARK
John R. Spencel
Key words: cryptogamic plants, Capitol ReefNational Park, Utah, Wayne County, Garfield County.

A recent floristic survey of Capitol Reef
Abietinella abietina (Hedw.) Fleisch.
National Park, situated in Wayne and Garfield UTAH: Wayne Co., Capitol Reef National Park, on dry,
counties in south central Utall, has added
shaded Kaibab limestone under Pseudotsuga menmany species to its flora (HeilI990), including
ziesii, middle part of Fremont Gorge, with Symnumerous rare and endangered species.
phoricarpos oreophilus and S. longiflorus. Ele.
1800 m, 38°16'N, 111 17'W, T29S R6E Sec. 21.
Because of the great diversity in landforms,
October 6, 1989. Spence 4104 (deposited in park
elevations, and attendent topographic relief,
herbarium).
portions of the Waterpocket. Fold in the park
have been found to harbor a remarkable numThis is the first report of living material of
ber of rare species as well as disjuncts from this species for Utah. The closest known loother areas in the state and the western U.S. cality for Abietinella abietina is a population
(Spence 1987). Several of these are bryo- in Dinosaur National Monument, Moffat
phytes, which as a group have less well known ,County, Colorado (Flowers 1973). The park
distributions in the western U.S. than the locality is an unusual habitat for the species, as
vascular plants (Spence 1988).
it is in a relatively low-,elevation, semiarid
Additional fieldwork during the 1989-90 canyon. In the Pacific Northwest Abietinella
season has located several species either new is common at montane and subalpine elevato the state or to Wayne County and Capitol tions in the drier parts of the Cascade and
Reef National Park. These include the fern Coast mountains (Lawton 1971). The species
Dryopteris fllix-mas, and the mosses Abi- is found occasionally on dry rock over a wide
etinella abietina and Leskeella nervosa. A ma~ elevational range in Colorado (Weber 1973).
jor range extension is also noted for the moss
The stand of Douglas-fir under which the
Isopterygium pulchellum. Below, each of the moss was found may be relictual, as it is
new reports is discussed, along with habitat isolated elevationaily from the main forest
information, associated species, and regional populations in south central Utah, which
significance.
usually occur above 2100 m. The distribution
The park has a semiarid climate, with hot and nature of this, as well as other isolated
summers and moderately cold winters. At Douglas-fir stands on the Colorado Plateau
park headquarters in Fruita (1675 m), average (e.g., Brotherson et al. 1985, Tuhy and
annual precipitation is :18.3 cm, with about MacMahon 1988), suggest that they may
30% falling as late-summer Guly-August) be late Pleistocene-early Holocene relicts.
thunderstorms. The average July maximlim The presence ofAbietinella abietina, a borealtemperature is 19.1 C, while the average Jan~ arctic moss most common at montane to subuary minimum is -21. 9 C (park service data, alpine elevations in the western U.S., supports this. Remarkably, Betancourt (1984) has
1948-1986).
0

IManzanita BioStudies, 59D Fruita Lane, Capital ReefNalional Park, Torrey, Utah 84775.
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reported rare macrofossil material of Abietinella from Allen Canyon and Fishmouth
Caves, ca. 140 Ian to the southeast of Capitol
Reef National Park and near the Abajo Mountains, with radiocarbon ages of 3000-11,000
years and 3700 years, respectively. At least in
the Allen Canyon Cave sequence, all packrat
middens with Abietinella macrofossils also
contained Pseudotsuga menziesii material.

Isopterygium pulchellum
(Hedw.) Jaeg. & Sauerb.
UTAH: Wayne Co., Capitol Reef National Park. On dry,
shaded vertical face of Wingate Sandstone, side
canyon ofCohab Canyon, near campground. With
Fissidens bryoides and Pseudoleskella tectorum.
Ele. 1750 m, 38°17'N, 111°14'W, T29S R6E Sec.
23. November 2, 1989. Spence 4118. Also on dry
Navajo Sandstone in shaded, humid crevice,
just south of Blowout Flats, northeast of Golden
Throne. With Dryopteris jilix-mas, Desmatodon
obtusifolius, Pohlia nutans, and Amblystegium
serpens var. juratzkanum. Ele. 2000 m, 38°14'N,
111°11'W, T30S R7E Sec. 4. May 24, 1990.
Spence 4135a (both deposited in park herbarium).

Isopterygium pulchellum has been reported once before from Utah (Summit
County, Uinta Mountains, at an elevation of
2713 m; Flowers 1973). In western North
America, it is most common on humid,
shaded wood and soil in coniferous forests
and is restricted to high-elevation spruce-fir
forests in the southern Rocky Mountains
(Ireland 1969, Lawton 1971, Weber 1973).
The habitat the plants grew in, shaded Navajo
and Wingate sandstones in a semiarid climate,
is highly unusual for this species. The plants
were restricted to the deepest, most heavily
shaded recesses of cracks and are probably
never exposed to direct sunlight. They appear
,to survive only because of a combination of
shading and funneling ofprecipitation into the
cracks from rock faces above.
Leskella nervosa (Brid.) Loeske
UTAH: Wayne Co., Capitol Reef National Park. On thin,
dry, shaded soil on ledge of Navajo Sandstone,
amphitheater directly north of Pioneer Register
and west ofCapitol Gorge Tanks. With Petrophytum caespitosum and Selaginella mutica. Ele.
1800 m, 38°16'N, 111°1TW, T30S R7E Sec. 9.
Qctober 24, 1989. Spence 4109a (deposited in
park herbarium).

In a recent revision of Pseudoleskeella,
Wilson and Norris (1989) reported P. sibirica
(Am.) P. Wilson & Norris (=Leskeella ner-
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vosa vaT. sibirica) from Utah and distinguished it from P. nervosa using leafand asexual reproductive characters. Using their key,
I was able to clearly identify the park plants as
P. nervosa, inasmuch as they possess asexual
brood bodies and the leaves on the upright
branches have a strong costa extending somewhat obscurely into the acumen. This is
the first report of Leskeella (Pseudoleskeella)
nervosa for Utah. As it is found in Arizona,
California, and Idaho, its presence in Utah is
not unexpected. I agree that Leskeella and
Pseudoleskeella are very close (Wilson and
Norris 1989); however, r prefer to maintain
them as separate genera for now, based on the
occurrence ofasexual brood bodies in the for~
mer but not the latter.
Dryopterisfilix-mas (L.) Schott
UTAH: Wayne Co., Capitol Reef National Park. In humid
crevice in Navajo Sandstone, just south ofBlowout
Flats northeast of Golden Throne. With Cymopterus beckii, Erigeron maguirei, Desmatodon obtusifolius, Pohlia nutans, and Amblystegium serpens var. juratzkanmn. Ele. 2000 m. 38°14'N,
111°11'W, T30S R7E Sec. 4. July 23, 1990.
Spence & Mason 4137 (deposited in park herbarium).
.

New to Wayne County and Capitol Reef
National Park, Dryopteris filix-mas has been
collected in five other localities in Utah, once
each in Garfield, Sanpete and Salt Lake coun~
ties, and twice in Washington County (Albee
et al. 1988). The closest population is the one
in Garfield County. The park plants were
growing in a narrow, shaded crevice in Navajo
Sandstone in an area ofhigh topographic relief
in the Waterpocket Fold of the park, just
south of a pristine aeolian grassland/Pinus
ponderosa woodland complex called Blowout
Flats. Three rare species, Erigeron maguirei
(listed endangered), Cilia caespitosa (category 1 species), and Cymopterus beckii (category 2 species), were also growing in the
crevice. Dryopteris is a common circumboreal fern, abundant in the Pacific Northwest and the northern Rocky Mountains. Further south, it is found in scattered localities
in the mountains south to New Mexico and'
Arizona (Cronquist et al. ,1972). The habitat of
the park population, at middle elevations in
semiarid slickrock, is atypical compared with
traditional northern habitats.
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FACTORS INFLUENCING DISSOLVED OXYGEN CONCENTRATIONS
DURING WINTER IN SMALL WYOMING RESERVOIRS
Paula M. Guenther l and Wayne A. Hubert'
Key words: dissolved oxygen, reservoir, winter, Wyoming.

Fish kills in ice-covered lakes have been ity. The reservoirs were located :ri.ear or within
described in the upper ~idwest and the the Laramie and Medicine Bow mountains
Great Plains (Nickum 1970, Patriarche and in southeastern Wyoming. Several reservoirs
Merna 1970). Fish losses were related to had known histories ofwinterkill.
low dissolved oxygen and several associated
Bathymetric maps were obtained from
factors, small, shallow lakes; periods of pro- the Wyoming St~te Engineer's Office or conlonged or extensive snow and ice cover; structed from soundings that were plotted on
lack of surface water inflow into lakes; and 'reservoir outlines from U. S. Geological Serhigh primary productivity (Greenbank 1945, vice topographic maps. The maps were used
Halsey 1968, Nickum 1970, and Mathias and to calculate morphometric variables: maxiBarica 1989).
mum water depth, mean water depth, water
Miller (1989) investigated the geomorphic volume, and volume of unfrozen water durfeatures that influence winterkill in natural ing winter. Water levels were monitored to
lakes at elevations >2925 m in the Medicine estimate the minimum values of the morphoBow Monntains, Wyoming. He separated metric variables during winter.
lakes prone to winterkill from those without
Macrophyte abundance was estimated in
a history of winterkill on the basis of six dis~ fall 1987 for the 10 reservoirs to be studied.
criminating variables: basin area; basin relief A 10-m line attached to a float was thrown
ratio, lake area, drainage density, lake vol- from the shore at 10-m intervals arouild the
ume, and maximum water. depth. Winterkill reservoir. The density of plants along the line
lakes tended to be small, shallow lakes and was visually estimated on a scale of 0 to 10.
were at' lower elevations than nonwinterkill The presence or absence of plants beyond
lakes.
the line was noted and rated (0 = absent, 5 =
We .a~sessed the winter dissolved oxygen present). Also, a reservoir-wide rating of filaconcentrations in small· reservoirs «100 mentous algae was made (0 = absent, 3 =
hectares at full pool) at elevations >2100 m present, 5 = pervasive). The averages for the
above mean sea level. Physical, chemical, line and beyond-line ratings were summed
and climatic characteristics that are related with the rating for algae to· yield Macrophyte
to low dissolved oxygen under the ice were Abundance Index (MAl) values rang~ng from
Oto 20.
identified.
Reservoirs were sampled at three-week
intervals
beginning in January and continuing
METHODS
until ice conditions were unsafe in March or
Eleven reservoirs were studied during win- April. Physical and chemical features were
ter, 7 in 1987 and 10 in 1988 (Table 1). Six measured at one to four sites, depending on
of the 1988 sites were also sampled the previ- the reservoir size. Vertical profiles of disous year. Study sites were selected to repre- solved oxygen concentrations were measent a range in elevation, size, and productiv- sured. The oxygen meter was standardized in
lU.S. Department ofAgriculture Forest Service, Medicine Bow National Forest, Laramie, Wyoming: 82070.
2U.S. Fish and Wildlife Service, "Vyoming Cooperative Fish and Wildlife Research Unit, University ofWyOining, Laramie, Wyoming 82071.
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Ph~sical features of the reservoirs studied in southeastern Wyoming during the winters of 1986-87 and
range indicates variation between years.

Reservoir
Crystal
EastLake
Shirley Basin
Granite Springs
Goforth
Leazenby
King Number 1
North Crow
Miller Lake
Sucker Lake
Dipper Lake

Elevation
(m)

Surface
area
(ha)

Mean
depth
(m)

Maximum
depth
(m)

Inflow
(I = present,
0= absent)

2126
2133
2135
2199
2207
2234
2g47
2311
2763
3166
3261

37
18
6
.21
2
4-8
50-58
14-17
1
2
9-11

Ig.2
1.8
3.0
11.7
1.4-1.6
0.2-0.4
1.4-1.6
8.9-11.8
1.6-2.0
0.2
1.8-'-2.8

17.9
3.2
4.2
15.3
2.2-2.5
0.5-1.0
3.0-3.5
12.6-17.1
2.5-3.0
0.5
9.0-10.5

1
0
0
1
1
1
1
1
1
1
0

the laboratory and calibrated in the field
before each use. To verify the reading with
the oxygen meter, we collected water samples
at points along the profile with a Kemmerer
sampler, fixed them immediately, and determined dissolved oxygen concentration using
the Azide modification ofthe Winkler method
(American Public Health Association et al.

1975).
Average dissolved oxygen was calculated
for each sampling date. Each reservoir was
divided into depth strata, and the water volume in each stratum was calculated. Average
oxygen concentration in each stratum was
computed, and an overall weighted total oxygen concentration was determined. Winterkill conditions were assumed to be likely
when d~ytime average dissolved oXygen was
<4 mg/L (Mathias and Barica 1980).
Water inflow and outflow were recorded as
present or absent on each visit. Snow and
ice thickness were measured, and the mean
for all sampling dates was cqIculated.
Measurements of variables (Table. 2) for
the two winters we;r~ compared using paired
t tests (Zar 1984). Correlation analysis was
used to assess relations between measured
variables and average dissolved oxygen concentrations. Stepwise multiple regression and
discriminant ·function .analysis were used to
identify multivariate relations. We used the
Number Croncher Statistical System (Hintze
1987) to perform the statistical analyses. The
critical level chosen for all statistical procedures was P:5 .05.
RESULTS

Substantial variation in elevation, surface

area, and water depth during winter, and the
presence of inflowing water were observed
among the reservoirs (Table 1). Low dissolved
oxygen «4 mg/L) was common among the
reservoirs (Table 2). Oxygen profiles showed
typical stratification, highest concentrations
being near the ice-water interface and lowest
near the bottom ofthe reservoir. We observed
average dissolved oxygen concentrations <4
mg/L in two reservoirs in 1987 (Dipper Lake
and Miller Lake) and in five reservoirs-in 1988
(Dipper Lake, Shirley Basin, East. Lake,
Goforth, and Miller Lake). Water in all reservoirs was saturated with oxygen at the beginning of the winter. We did not observe gradual depletion in dissolved oxygen over the
winters.
Weather data from 1955 to 1988 showed
that both the 1986-87 and 1987-88 winters
were about average in temperature and precipitation. Our data suggest that the winter
of 1981~88 was more severe than that of
1986-87. .Average snow and ice were both
significantly thicker in 1988 than in 1987.
Although water levels were higher in 1988
. than in 1987, more of the total water volume
was in the form ofice. Because ofthe differing
conditions between the two years, we treated
each year as an independent sample.
Average dissolved oxygen concentration
during winter was significantly (P :5 . 05) cor~
related with the absence of inflow (r = .56),
elevation (r = - .49), ice thickness (r = -.56),
snow and ice thickness (r = - .49), and surface
area of the reservoir during winter (r = .49).
When Dipper Lake was excluded from the
analysis, the MAl was highly correlated (r =
-.96) with low dissolved oxygen levels.
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TABLE 2. Conditions measured in the reservoirs studied in southeastern Wyoming during the winters of 1986-87
and 1987-88.
Mean
dissolved
oxygen
(mglL)

Minimum
dissolved
oxygen
(mglL)

Crystal
Goforth
Leazenby
King Number 1
North Crow
Miller Lake
Dipper Lake

7.4
11.6
12.4
11.5
6.9
2.3
1.5

1.4
11.3
12.2
11.3
5.9
1.4
1.1

EastLake
Shirley Basin
Granite Springs
Goforth
Leazenby
King Number 1
North Crow
Miller Lake
Sucker Lake
Dipper Lake

3.0
1.8
8.7
3.4
7.6
10.3
6.9
1.1
5.8
2.9

2.6
0.8
7.1
1.1
4.6
8.6
5.9
0.5
4.4
2.5

Reservoir

Mean
ice
thickness
(cm)

Mean
snow
thickness
(cm)

Macrophyte
abundance
index

1987
33
36
32
37
33
53
111

5
1
1
3
5
12
82

1988

Stepwise multiple regression was used to
detenriine variables that accounted for varia. tion in .average dissolved oxygen. The MAl
was measured only in fall 1987, but we assumed that it remained constant over the
years in our analysis. The most variability
(adjusted R 2 = .59) in average dissolved oxygen (DO) among the reservoirs was accounted
for by:
DO = 16.1 + 3.297 1- 0.295 M - 0.004 E
where DO = average dissolved oxygen Concentration (mg/L), I = 0 if no inflow and 1 if
inflow was present, M = Macrophyte Abundance Index, and E = elevation (meters). All
three independent variables were significant
atP :::5.05.
Discriminant function analysis was used to
classify reservoirs having average dissolved
oxygen <4.0 mg/L from those that had ::2:4.0
mg/L. It was possible to classify 16 of 17 samples based on three variables-presence or
absence of inflow, mean winter ice thickness,
and MAL Reduction in classification error
attributed to models in which these variables
were used was 88%. Wilk's Lambdafor the
discriminant function was 0.14.

39
42
38
46
45
44

33
95
41
134

6
3
3
1
3
4
5
29
121
33

13
17
3
16

2
0
5
16
4
0

DISCUSSION
Our results indicate that the absence of
inflowing water, high elevation, extensive ice
and snow, small surface area, and abundant
aquatic macrophytes contribute to low dissolved oxygen concentration during winter.
Small «20 ha during winter) reservoirs with
no surface water inflow that are at high elevations or have abundant macrophytes (MAl >
12) have a high risk of developing low dissolved oxygen, and subsequently fish mortality, during winter.' High risk of winterkill has
been associated previously with small, shallow lakes, prolonged or extensive snow and
ice cover, limited water inflow, and high primary productivity (Greenbank 1945, Halsey
1968, Nickum 1970, Barica and Mathias 1979,
Mathias and Barica 1980).
No previous work has provided information
for small reservoirs at >2100 m above sea
level. Our findings may assist managers who
are trying to prevent winterkill. Several ofthe
variables identified as having an influence on
dissolved oxygen during winter-absence of
inflowing water, surface area, and the abundance of aquatic plants-may be manageable
under various circumstances.
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NONGAME WILDLIFE COMMUNITIES IN GRAZED
AND UNGRAZED MONTANE RIPARIAN SITES
Terri Tucker Schulz 1•2 and Wayne C. Leininger l

Key words: birds, small mammals, Wilson's warbler, western jumping mouse, cattle grazing, Rocky Mountains,
Colorado, riparian wildlife.

The riparian zone is an important habitat
type for wildlife, providing numerous foraging and breeding sites (Thomas et al. 1979b).
Greater numbers and diversity of nongame
wildlife have been found in riparian areas
when compared with upland habitats for birds
in Colorado (Knopf 1985) and small mammals
in Oregon (Cross 1985). Fifty percent of the
nesting bird species in the Southwest Gohnson et al. 1911) and 82% of those in northern
Colorado (Knopf 1985) occur in riparian habitats. The high density and species diversity of
wildlife in riparian areas have been attributed
to the many structural layers ofriparian vege~
tation and to its ecotonal nature (Thomas et al.
1979a).
Livestock grazing can alter vegetative
structure and composition of riparian habitat.
Ryder (1980) stated that grazing, especially by
livestock and big game, frequently changes
plant species composition and growth form,
density of stands, vigor and seed production
of plants, and insect production. Bull and
Skovlin (1982) attributed to livestock grazing
the paucity of deciduous woody vegetation
that was required by some bird species along
Oregon streams. Annual livestock grazing depressed the numbers ofall small mammal spe~
cies observed at Malheur National Wildlife
Refuge in Oregon (Comely et al. 1983). Small
mammal species richness and diversity was
higher in ll-year-old exclosures in Nevada
than in adjacent riparian areas grazed by cattle
(Medin and Clary 1989).
This study was designed to determine
the effects of season-long cattle grazing on
nongame wildlife communities in a montane

riparian zone in north central Colorado. Most
research on tlle effects of livestock grazing on
riparian bird communities has been conducted in the arid southwestern United
States, and little is known about the effects of
livestock grazing on birds or small mammals
in more mesic environments.
STUDY AREA AND METHODS

This study was conducted within the riparian zone bordering Sheep Creek, 75 km
northwest of Fort Collins, Colorado, in the
Roosevelt National Forest, at approximately
2500 m elevation. Sheep Creek varies from 3
to 4 m in width, with a riparian zone 25~15 m
wide.
According to USDA Forest Service records, the Sheep Creek Grazing Allotment
received extremely heavy cattle grazing pressure until the 1950s. By the late 1940s, the
entire riparian area was practically denuded,
with little herbaceous plant cover and only a
few remnant willow (Salix spp.) stumps remaining. The Forest Service and Colorado
Division ofWildlife built two exclosures in the
fall of 1956 to protect the riparian area from
livestock overgrazing in an effort to improve
the fisheries habitat. A third exclosure was
constructed in the spring of 1959. The three
exclosures protect a total of 40 ha of the riparian zone and 2.5 km ofstream. Fences consisting of three-strand barbed wire were designed to restrict only livestock access to the
riparian zone. Exclosures and grazed areas
were interspersed along a 5-km section of
Sheep Creek (Fig. 1).

lRange Science Department, Colomdo State University. Fort Collins, Colomdo 80523.
2Present address: Rocky Mountain Forest and Range Experiment Station, Forest Service, Fort Collins, Colorado 80526.
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Fig.!. Map ofstudy area showing the Sheep Creek exclosures and adjacent grazed areas. Exclosures encompassing
40 ha of the riparian zone and 2.5 km of stream were constructed in the 1950s to protect the riparian area from
overgrazing by domestic livestock. The Forest Service road that runs along the north side ofthe stream is shown on this
map, as well as section lines for an indication ofspatial scale (approximately 1 mil.

Stocking rates in the Sheep Creek Allot~
ment have been reduced from nearly 1900
animal unit months (AUMs) in 1939 to 600
AUMs presently in the grazed area (unpublished data on file at USDA Forest Service).
The allotment carrying capacity is estimated
at 621 AUMs. Cattle graze the Sheep Creek
Allotment season~long from approximately
mid~June until mid-October. Utilization of
forage by livestock was estimated from clipping vegetation at the end of the grazing sea~
son under protected cages and adjacent
paired grazed plots. Cattle consumption of
the current year's growth in the riparian area
was 65% in both 1985 and 1986 (Schulz and
Leininger 1990).
Streambank vegetation inside the exclosures is dominated by planeleaf willow (Salix
planifolia), grasses and grasslike plants, including fowl bluegrass (Poa palustris), and
rushes (funcus spp.). Vegetation in grazed
areas is composed predominantly of herbaceous species, including Kentucky bluegrass
(P. pratensis), upland sedges (Carex spp.),
beaked sedge (C. rostrata), white clover (Trifolium repens), and dandelion (Taraxacum
officinale). In 1985 and 1986 total vascular
vegetation cover, graminoid cover, and shrub
cover in the exclosures were greater than in
grazed areas (Schulz and Leininger 1990).

The Sheep Creek exclosures had nearly twice
the litter buildup, and willow canopy coverage was 8.5 times greater than in grazed
areas (Schulz and Leininger 1990). Upland
vegetation consists of ponderosa pine (Pinus
ponderosa) with sparse understory on northfacing slopes and big sagebrush (Artemisia
tridentata) on south-facing slopes. Aspen
(Populus tremuloides) is also common in more
mesic areas.
Strip transects for an index of bird abundance were conducted during May..;-.June 1986
in the exclosures and adjacent grazed areas
following methods described by Verner
(1985). Transects were 20 m wide and 100 m
long parallel to the stream channel. Transect
width ensured that all observations fell within
the riparian zone. Fourteen transects (1
within the grazed areas and 7 in the exclo~
sures) were censused 10 times during the two~
month period. Counts were made between
0630 and 1000 when birds are most active and
vocal. Locations ofbirds were marked on data
forms as we walked through the middle of
each transect.
Twelve snap-trap transect lines for capturing small mammals were established parallel·
to the stream channel (6 inside exclosures and
6 in the grazed areas). Transect lines were
114 m in length with 20 stations, one every
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TABLE 1. Total bird observations on 14 strip transects in grazed and ungrazed montane riparian sites May-June 1986.
Bird species

Scientific name

American Robin
Broad-tailed Hummingbird
Brown-headed Cowbird
Cassin's Finch
Chipping Sparrow
Clark's Nutcracker
Dark-eyed Junco
Empidonax Flycatcher
House Wren
Killdeer
Lincoln's Sparrow
MacGillivray's Warbler
Mountain Chickadee
Mountain Bluebird
Northern Flicker
Pine Siskin
Ruby-crowned Kinglet
Tree Swallow
Warbling Vireo
Western Tanager
White-crowned Sparrow
Wilson's Warbler
Yellow-bellied Sapsucker
Yellow-rumped Warbler

Turdus migratorius
Selasphorus platycercus
Molothrus ater
Carpodacus cassinii
Spizella passerina
Nucifraga columbiana
Junco hyemalis
Empidonax spp.
Troglodytes aedon
Charadrius vociferus
Melospiza lincolnii
Oporonis tolmiei
Parus gambeli
Sialia currucoides
Colaptes auratus
Carduelis pinus
Regulus calendula
Tachycineta bicolor
Vireo gilvus
Piranga ludoviciana
Zonotrichia leucophrys
Wilsonia pusilla
Sphyrapicus varius
Dendroica coronata

Number ofindividuals

Grazed

Exclosures

35
1
4
1
3

15

2
7
3
1

2

o
2

5

o
9
2

o

1

o

4

13

1
8

17

2

o
1
8
2
2

1
1

o

o

o
1
o
8

o

o
2

5
9"

4

o

92

92

o

2

anifference between treatments was significant at the .05 level.

6 m, following Johnson (1982). The starting have no species in common (Samson and
point of each transect line was randomly Knopf 1982), Morisita's index of community
located between 10 and 20 m from the fence- overlap was also calculated. Morisita's index
line. Two Museum Special snap-traps were can be interpreted as the probability of ranbaited with peanut butter and set at each sta- domly drawing two individuals from two poption. Traps were checked and reset every ulations (i.e., grazed areas and exclosures)
morning and evening at dusk. Transect lines that both belong to the same species, relative
were run for four days and nights in late July to the probability of randomly drawing two
through August 1986 for a total of 1920 trap individuals of the same species from either of
nights. Pitfall traps were also set for capturing the populations alone (Horn 1966).
shrews. Since trends in shrew abundance
from pitfall traps were consistent with the
RESULTS
snap-trap data, only snap-trap data is re~
ported. All collected specimens were frozen
Twenty-one bird species were observed in
and later identified by U. S. Fish and Wildlife the grazed transects, whereas 14 species were
Service museum personnel in Fort Collins. seen in the exclosures (Table 1). Eleven bird
Shrews were identified following the key of species were found in both areas. Total numbers of bird sightings were the same in both
Junge and Hoffmann (1981).
Paired t tests were used to compare total the grazed areas and the exclosures, with 92
numbers of individuals of each bird and small observations. The American Robin (Turdus
mammal species by transect between grazed migratorius), with 35 sightings, was the most
areas and exclosures. Homogeneity of vari- abundant species in the grazed areas, while
ances was tested using Bartlett's test (Sokal the Mountain Chickadee (Parus gambeli),
and Rohlf 1981). Simpson's index of diversity with 11 sightings, was the most common spe(Simpson 1949) was calculated for exclosures cies in the exclosures (Table 1).
and grazed areas using bird survey and small
Wilson's Warbler (Wilsonia pusilla) was
mammal snap-trap data. Since two communi~ significantly more abundant (P = .02) in
ties can have the same index of diversity but the exclosure transects. Lincoln's Sparrow
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TABLE 2. Total small mammals captured with Museum Special snap-traps (number oftrap nights = 1920) in grazed
and ungrazed montane riparian sites July-August 1986.
Mammal species

Scientific name

Deer mouse
Golden-mantled ground squirrel
Least chipmunk
Longtail vole
Masked shrew
Montane shrew
Mountain vole
Northern pocket gopher
Western jumping mouse

Peromyscus maniculatus
Citellus lateralis
Eutamias minimus
Microtus longicaudus
Sorex cinereus
S. monticolus
M. montanus
Thomomys talpoides
Zapus princeps

Total

Grazed

Exclosures

15
1
5
0
4
1
0
1
1

I"
0
2
1
5
9
1
0
22b

~8

41

aDifferences between treatments were signiflcant at the .05 level.
bDifferences between treatments were significant at the .01 level.

(Melospiza lincolnii) (P = .12) also tended to
be more abundant in the exclosures. Other
species, e.g., Dark-eyed Junco (Junco hyemalis) and Ruby-crowned Kinglet (Regulus
calendula), were equally common in grazed
and ungrazed areas (Table 1).
Seven small mammal species were captured in the grazed areas, and an equal number were trapped in the exclosures (Table 2).
Five small mammal species were common to
both the grazed and ungrazed areas. Twentyeight individual small mammals were trapped
in the grazed area, compared with 41 in the
exclosures (Table 2). The deer mouse (Peromyscus maniculatus), the most abundant
small mammal species in the grazed area, was
caught more often in the grazed areas than in
the exclosures (P = .04). In contrast, the western jumping mouse (Zapus princeps), the
most abundant species in the exclosures, was
caught more often in the exclosures than in
the grazed areas (P = .006) (Table 2). Other
species such as the masked shrew (Sorex
cinereus) appeared unaffected (P > .25) by
cattle grazing (Table 2).
Simpson's diversity index for birds and
small mammals was similar for the grazed
areas and the exclosures (Table 3). Morisita's
index of overlap was low for both taxa, based
on the similarity ofthe communities in grazed
areas and exclosures (Table 3).
DISCUSSION

Breeding Birds
Bird species are differentially affected by
cattle grazing in riparian areas. Mosconi and
Hutto (1982) showed that some riparian bird
species, such as American Robin, benefit from

TABLE 3. Comparison ofnongame communityparameters between grazed and ungrazed riparian sites.
Species
richness

Diversity
index

Grazed areas

21

0.83

Exclosures

14

0.89

Treatment

Overlap

BIRD COMMUNITIES

15%
SMALL MAMMAL COMMUNITIES
Grazed areas
7

0.68
19%

Exclosures

7

0.66

grazing, while others are negatively affected.
Robins forage in short grassy areas (Bent
1949), which are more abundant in grazed
areas along Sheep Creek than in the exclo~
sures (Schulz and Leininger 1990).
Both Wilson's Warbler and Lincoln's Sparrow were common in ungrazed areas with
abundant willows. Wilson's Warbler breeds in
willow thickets along mountain streams (Bent
1953), while Lincoln's Sparrow prefers brushy
vegetation with an understory of grasses and
sedges (Bent 1968). The greater shrub coverage in the exclosures (Schulz and Leininger
1990) probably accounts for the observed differences in abundance of these two species.
While small sample size is a concern in this
study; other more extensive studies support
these findings. In southeastern Wyoming,
Lincoln's Sparrow and Wilson's Warbler dominate subalpine willow communities (Finch
1986).
Rucks (1978) stated that livestock grazing
causes the replacement of shrub-nesting bird
species with species showing no preference
for vertical vegetation structure. Riparian
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areas dominated by planeleafwillow'in south~
eastern Wyoming contain a unique, but de~
pauperate, assemblage of bird species (Finch
1988). Our study supports the above findings.
Wilson's Warbler and Lincoln's Sparrow
appear to have been replaced by ubiquitous
species such as American Robin in grazed
areas along Sheep Creek.
Small Mammals
Patton (1977) stated that small rodents are
probably the least understood and docu~
mented group of animals using the riparian
habitat. Johnson (1982) felt that grazing increases the density of those small mammal
species that require low levels of cover, while
subsequently reducing the density of those
requiring higher levels of cover. Our study
agrees with earlier studies showing that the
deer mouse is more abundant under grazed
conditions (Black 1968, Johnson 1982).
In this study, the western jumping mouse
was more abundant in the exclosures than
in the grazed areas. According to Clark's
(1971) study in western Wyoming, the western jumping mouse prefers moderately wet
aspen and shrub-sedge savanna habitats
within 100 m of water. This type habitat is
more characteristic inside the exclosures than
in grazed areas along Sheep Creek (Schulz
and Leininger 1990). Our data support Cranford's (1983) suggestion that the quality and
type ofvegetation is more important in deter~
mining suitable habitat for the western jump~
ing mouse than the availability ofwater.
While sampling only one year is a concern
in this study, small mammal snap-trapping a
second year would have sampled a replace~
ment, not a stable, community. This replace~
ment community mayor may not have had
the same species composition as the stable
community.
Diversity Patterns
The three levels of diversity, within habitat, between habitat, and regional, ate parameters used to describe wildlife communities.
Within-habitat diversity refers to the number
ofspecies within an area ofuniform vegetation
structure (Noss 1983) such as the Sheep Creek
exclosures. Between-habitat diversity reflects
the differences seen between habitats such as
the entire riparian zone (grazed and ungrazed
areas combined). Regional diversity refers to
the diversity across the landscape (Noss 1983).

Simpson's diversity index indicated similar
levels of diversity in the nongame communi~
ties in grazed areas and exclosures. This mea~
sure of within-habitat diversity reflects the
number and abundance ofspecies populations
within a habitat type (Samson and Knopf
1982). Morisita's index of overlap was quite
low, suggesting that, although the nongame
communities in grazed areas and exclosures
have a similar level ofdiversity, they are quite
different in species composition. This value
indicates a high between-habitat diversity
across the entire riparian. zone. Livestock
grazing appears to change habitat structure
(Schulz and Leininger 1990), resulting in a
shift in species composition ofbirds and small
mammals in the montane riparian zone, while
maintaining the level of diversity. Riparian
ateas that contain unique species such as
Wilson's Warbler are important contributors
to regional diversity ofthe forest.
Management Considerations
Riparian zones can be managed for nongame species richness by maintaining high
structural diversity of vegetation. While the
number of nongame species is important,
managers should also use value judgments on
the worth of individual species (Balda 1975).
Thus, management should not maximize the
numbers of two common species such as
American Robin and Brown-headed Cowbird
at the expense of one sensitive species such
as Wilson's Warbler. Species such as Wilson's
Warbler, Lincohfs Sparrow, and western
jumping mouse that are sensitive to grazing
pressure should be monitored as indicators of
habitat change. Johnson (1982) pointed out
the need to coordinate range and wildlife
habitat management to ensure the existence
ofsensitive wildlife species that are negatively
impacted by livestock grazing.
This study suggests that previous heavy cattle grazing changed the bird and small mammal community composition through reduction of shrub and herbaceous cover. More
research should be done to determine the
effects of different season-long intensities of
grazing as well as different seasons of grazing
on nongame wildlife communities.
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NEW RECORDS OF VASCULAR PLANTS ON THE LASAL MOUNTAINS, UTAH
W. Scott Richardsonl

Key words: vascular plants, habitat, LaSal Mountains, Utah, Grand County, San Juan County, plant records.

The LaSal Mountains are an isolated moun~
tain range in southeastern Utah ranging in
elevation from 1690 m to 3914 m. This wide
range in elevation and the accompanying vari~
ety of slopes and microhabitats result in an
extremely diverse flora. The most recent description of the LaSal Mountain flora was
made by M. A. Franklin (unpublished data,
Brigham Young University, Provo, Utah) in
the early 1980s. This list consisted of historic
and recent collections ofplants; at the present
it represents the most complete floral listing
of this area.
One aspect of a recent study on the LaSal
Mountain black bear population (Frost 1990,
Richardson 1991) was a description of their
habitat requirements. This required, among
other things, making a collection of plant
specimens from a wide variety of communities. Much of the collecting occurred in re~
mote areas with difficult accessibility. As a
result, I collected 14 species ofvascular plants
not recorded by Franklin. Seven of these species are new county records, six from Grand
County (Lithospermum multiflorum, Silene

aspen community was somewhat unusual because it generally is found in oak and maple
habitats (Arnow et al. 1980).
BORAGINACEAE

Lithospennummultiflorum Torr., Grand Co., UT, T26S,
R26E, Sec. 6 SW 1/4, 2439 m, ponderosa pine
and Gambel oak community, 10 September 1988,
S. Richardson 215 (BRY).

This is the first published record of this
species in Grand County. It was found only in
ponderosa pine communities on the extreme
eastern portion ofthe mountain. Pretty stoneseed is easily identified by the presence of
purple dye in the roots.
CAPRIFOLIACEAE

Lonicera utahensis Wats., Grand Co., UT, T26S,
R24E, Sec. 1 NW 1/4,2744 m, aspen and white fir
community, 17 August 1988, S. Richardson 165B
(BRY).
Grand Co., UT, T26S, R25E, Sec. 17 NW 1/4,3049 m,
aspen and conifer community, 2 June 1989,
S. Richardson 285 (BRY).

I frequently found this species on the north
scouleri, Chimaphila umbellata, Sorbus scopend of the mountain at sites with high elevaulina, Ribes hudsonianum; Osmorhiza occi~
tions and north-facing slopes. Its occupation
dentalis), and one from San Juan County
ofsites not easily accessible explains, perhaps,
(Chenopodium atrovirens). Plant nomencla~
why it had not been collected earlier.
ture follows Welsh et al. (1987).
ApOCYNACEAE

Apocynum androsaemifolium L. var. androsaemifolium,
Grand Co., UT, T26S, R2oE, Sec. 5 NE 1/4, ~560
m, aspen community, 1 August 1989, S. Richardson 354 (BRY).

This was the only location on the mountain
that I observed this species. Its presence in an

Sambucus caerulea Raf., Grand Co., UT, T~6S, R24E,
Sec. 31 NE 1/4, 2378 m, mountain brush community, 18 July 1988, S. Richardson 20 (BRY).

Blue elderberry is rare on the LaSal Mountains and, as far as I know, exists only at this
location. Two large plants, apprOximately 3 m
in height, are the extent of its known distribution on this mountain.

IBrigham Young University. Department ofZoology. Provo. Utah 84602.
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CARYOPHYLLACEAE

PYROLACEAE

Silene scouleri Hook., Grand Co., UT, T26S, R24E, Sec.
16 NE 1/4, 2805 m, aspen and conifer community,
30 June 1989, S. Richardson 336 (BRY).
San Juan Co., UT, T28S, R24E, Sec. 1 NW 1/4, 2744 m,
Gambel oak and snowberry community, 4 August
1988, S. Richardson 103 (BRY).

Chimaphilaumbellata(L.) Barton, Grand Co., UT, T26S,
R24E, Sec. 17 SE 1/4, 2927 m, aspen and conifer
community, 4 September 1988, S. Richardson 207
(BRY).
Grand Co., UT, T26S, R24E, Sec. 16 SW 1/4, 3049 m,
conifer community, 30 June 1989, S. Richardson
338 (BRY).

Few specimens of this species have been
collected in Utah (Welsh et al. 1987). The
specimen (336) from Grand County represents a county record. It was not uncommon
to find this species on the mountain. Both
specimens were collected at elevations higher
than what this species normally occupies
(Welsh et al. 1987).
CHENOPODIACEAE

Chenopodium atrovirens Rydb., San Juan Co., UT,
T28S, R25E, Sec. 18 SW 1/4, g652 m, Gambel
oak community, 29 June 1989, S. Richardson 328
(BRY).
Grand Co., UT, T26S, R24E, Sec. 28 SW 1/4,2744 m,
aspen and Gambel oak community, 4 August 1989,
S. Richardson 363 (BRY).

Both specimens were collected on xeric
sites in association with oak. Specimen 328 is
the first of this species collected in San Juan
County. These specimens lacked hastately
lobed leaves and occupied higher elevation
sites, distinguishing it from C. fremontii.
COMPOSITAE

Artemisia biennis Willd., Grand Co., UT, T26S, R24E,
Sec. 29 SW 1/4, 2500 m, mountain brush community near a canal, 1 October 1988, S. Richardson
220 (BRY).
Grand Co., UT, T26S, R24E, Sec. 17 NW 1/4,2561 m,
aspen community near spring, 9 September 1989,
S. Richardson 376 (BRY).

I found this species only on the north end of
the mountain. Both specimens were found
near water on disturbed sites, specimen 220
on a mudslide and specimen 376 in an area
disturbed by livestock.
Chrysothamnus viscidiflorus (Hook.) Nutt. var. viscidijlorils, Grand Co., UT, T25S, R25E, Sec. 19 NE
1/4, 2439 m, Gambel oak community, 30 August
1989, S. Richardson 375 (BRY).

While C. viscidiflorus was common on the
mountain, the variety C. v. var. viscidiflorus
was found only at this location. The large
leaves and glabrous stems and leaves sepa~
rated it from the other varieties.

This was a common species at high elevations on steep, north-facing slopes. These
specimens represent the first pipsissewa collected in Grand County.
ROSACEAE

Geum alleppicum Jacq., Grand Co., UT, T26S, R25E,
Sec. 4 NE 1/4, 2500 m, mountain brush community, 24 July 1989, S. Richardson 66, 67, 76, 77
(BRY).
Grand Co., UT, T26S, R25E, Sec. 17 NW 1/4,2988 m,
meadow in aspen community, 29 July 1988,
S. Richa.rdson 82 (BRY).

Few specimens of this species have been
collected in Utah (Kaye Thome, Brigham
Young University Herbarium, personal communication), and these five specimens represent nearly half of the Utah material at the
BYU Herbarium. This species was found only
on the northeast portion of the mountain.
Sorbus scopulina Greene, Grand Co., UT, T26S, R24E,
Sec. 1 NW 1/4, 2744 m, aspen and white fir community, 17 August 1988, S. Richardson 165C
(BRY).

This is a rare species on the LaSal Moun~
tains and was found only at two locations, both
high-elevation, mesic sites on north-facing
slopes. This specimen is the first recorded
collection in Grand County.
SAXIFRAGACEAE

Ribes hudsonianum Richards., Grand Co., UT, T26S,
R24E, Sec. 29 SW 1/4, 2500 m, mountain brush
community, 1 October 1988, S. Richardson 227
(BRY).

This species was seen only once and is a new
record for Grand County. Its location in a
mountain brush community is somewhat unusual as its typical habitat is aspen or conifer
(Welsh et al. 1987). The unarmed branches
and large, strongly 3-lobed leaves helped distinguish this species.
U MBELLIFERAE
Osmorhiza occidentalis (Nutt.) Torr., Grand Co., UT,
T26S, R24E, Sec. 7 SE 1/4, 2348 m, mountain
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brush community, 13 August 1988, S. Richardson
154 (BRY).
Grand Co., UT, T26S, R24E, Sec. 21 NW 1/4,2988 m,
aspen community, 3 June 1989, S. Richardson 289
(BRY).

Found only on the northwest comer of the
mountain on mesic sites, this species is a' new
record for Grand County.

provided critical assistance in identifying
plant specimens. I thank them for their time
and valuable assistance. I also thank C. L.
Pritchett, H. L. Black, and S. L. Welsh for
reviews of this manuscript. Funding was provided by Brigham Young University, Utah
Division of Wildlife Resources, U.S. Forest
Service, and private contributions.
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CHECKLIST OF THE CULTNATED TREES
OF ST. GEORGE, WASHINGTON COUNTY, UTAH
Robert B. Warrick l and C. Frank Williams 2

Key worM: cultivated trees, checklist, Washington County, Utah.

The challenge by Welsh (1987) in the introduction to A Utah Flora provided the impetus
for writing this paper. Welsh challenges
future workers to focus more attention on
the cultivated plants of the state, which are
numerous but poorly represented in the
herbaria.
Washington County, Utah, is the most
botanically diverse county in the state, both
in cultivated and noncultivated species.
St. George is often described as the "Palm
Springs" of Utah. Its climate is milder than
any other portion of the state, and palm trees
and other semitropical plants attest to this
fact. For this reason, the diversity of trees
growing in St. George is extensive.
The following checklist is the result of a
two-month intensive inventory of the street
trees of St. George, the county seat and
largest city in Washington County. Because
of the wide diversity of trees grown in
St. George, the checklist does not include
all cultivated trees of Washington County.
However, the majority of the species that are
cultivated in the county will be represented
here.
SITE DESCRIPTION

St. George is located in Zone 8a of the new
USDA zone maps and rated at Zone 10 in the
Western Garden Book system. The average
annual minimum temperature is 9.5-12.2 C;
average rainfall is 22.3 cm per year. The growing season averages 223 days per year, and
extended periods of cold weather dUring the
winter are rare (Eubank and Brough 1979).
The soils in St. George and Washington
County in general are alkaline. The four soil

types found within St. George include the
Hantz and St. George silty clay loams, and
the Junction and Tobler fine sandy loams
(Mortensen et al. 1977).
MATERIALS AND METHODS

The inventory was restricted to the "old
city," as depicted on the 1956 revised plat
of St. George. The surrounding communities
of Bloomington, Bloomington Hills, Green
Valley, Middleton, etc., were not part of the
inventory, although a quick survey of these
communities was conducted to search for species not encountered ,in St. George proper.
Each tree within the city right-of-way of
the approximately 230 city blocks was mapped
and the species, dbh (diameter at breast
height), and percentage of live wood were
determined. Trees with problems were also
indicated. Noteworthy trees outside of the
right-of-way were also mapped but designated as such. On such properties as city
parks, the city cemetery, Red Hills Municipal
Golf Course, and the campus of Dixie College, all trees were mapped.
Resources used to identify unknown trees
include A Utah Flora (Welsh et al. 1987),
Manual of Cultivated Plants (Bailey 1949),
North American Trees (Preston 1976), West~
ern Garden Book (Williamson 1979), and The
Standard Cyclopedia of Horticulture (Bailey
1922). Local nurseries were also visited, but
because many plants were mislabeled, all
trees were double-checked against the abovementioned floras and field guides and with
herbarium specimens at Brigham Young University. Many specimens were not available in
the herbarium for comparison and collections

lCoast Nurseries, 15914 Broadway, Gardena, California 90248,
2Department ofAgronomy and Horticulture, Brigham Young University, Provo, Utah 84602.
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were made and deposited at the BYU Herbarium for future workers.
RESULTS AND DISCUSSION

Approximately 3000 city trees and ca. 500
other trees outside the city right-of-way were
mapped. All trees on city property and rightof-ways were entered into a data base for
future reference by city parks and recreation
workers. The total number of species encountered was much higher than expected, with
130 taxa in 11 genera and 38 families noted.
The three most common street trees
were Moms alba L. (white mulberry), 16.8%;
Fraxinus velutina Torr. (velvet ash cultivars),
12.2%; and Gleditsia triacanthos L. (honey
locust),5.4%.
Thirty species previously unreported for
the state were discovered; they are marked
with an asterisk in the checklist. A few ofthese
have been known by some to be growing in
Utah or Washington County, but they have
never been collected and preserved in herbaria. or reported in the literature.
An annotated species list may be obtained
from the authors.
CHECKLIST
OF THE CULTIVATED TREES OF
ST. GEORGE, WASHINGTON COUNTY, UTAH

Species preceded by an asterisk were either
previously not known to be growing in the
state of Utah or unreported in the literature
and/or herbaria of the state.

Cedrus atlantica (Endl.)
Atlas cedar
Manetti ex Carr
*Cedrus deodam Loud.
Deodar cedar
Picea pungens Engelm.
Blue spruce
*Pinus halepensis Mill.
Aleppo pine
*Pinus halepensis Mill.
Mondell pine
var. brutia Henry
Pinus monophyla
Single-leafpinyon
Torr. & Frem.
Pinus mugo Turra
Mugo pine, Swiss mountain pine
Pinus nigra Arnold
Austrian pine
*Pinus pinea L.
Italian stone pine
*Pinus roxburghii Sarg.
Chirpine,
Indian longleafpine
*Pinus thunbergiana Parl
Japanese black pine

Podocarpaceae
*Podocarpus macrophylla D. Don

Taxodiaceae
Sequoiadendron giganteum
(Lindl.) Bucch.

Aceraceae
Acer negundo L.
Acerpalmatum Thunb.
Acer saccharinum L.

Leyland cypress
*Cupressocyparis leylandii
(Dallim & Jacks.) Dallim
Arizona cypress
Cupressus arizonica Greene
Italian cypress
*Cupressus sempervirens L.
Chinese juniper
juniperus chinensis L.
Hollywood juniper
juniperus chinensis L.
'Hollywood'
juniperus scopulorum Sarg. Rocky Mountain juniper
Platycladus orientalis (L.)
Arborvitae, Chinese thuja

Anacardiaceae
Cotinus coggygria Scop.
Pistacia atlantica Desf.
*Pistacia chinensis Bunge
Pistacia vera L.
Rhus typhina L.
Rhus typhina L.
'laciniata'

Smoke tree
Mt. Atlas pistache
Chinese pistache
Pistacio
Staghorn sumac
Fernleafstaghorn sumac

Aquifoliaceae
American holly

Ilex opaca Ait.

Betula papyrifem Marshall
Betula pendula Roth
Corylus avellana L. 'Contorta'

Sago palm, cycad

Incense cedar

Paper birch
Weeping birch
Harry Lauder's
walking stick

Bignoniaceae
Catalpa speciosa Warder
Catalpa, Indian cigar tree
Chilopsis linearis (Cav.) Sweet
Desert willow

Ebenaceae
Persimmon

Diospyros sp.

Ginkgoaceae
Ginkgo, maidenhair tree

Pinaceae
*Calocedrus decurrens (Torr.)
Florin

Box elder
Japanese maple
Silver maple

Betulaceae

Cupressaceae

Ginkgo biloba L.

Sequoia

DIVISION MAGNOLIOPHYTA
CLASS MAGNOLIOPSIDA

DIVISION PINOPHYTA

Cycadaceae
*Cycas revoluta Thurb.

Yew pine

Elaeagnaceae
Elaeagnus angustifolia L.

Russian olive

Fagaceae
Quercus pauciloba Rydb.
Quercus turbinella Greene
Quercus spp.

Wavyleaflive oak
Canyon live oak
Oak hybrids
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Hamamelidaceae
Sweetgum

Liquidambar styraciflua L.

Fraxinus velutina Torr.
*Ligustrum lucidum Ait.
*Olea europea L.

Hippocastanaceae

Platanaceae
Horsechestnut

Aesculus hippocastanum L.

Juglandaceae
Garya illinoensis (Wangenh.) K. Koch
]uglans nigra L.
]uglans regia L.

Pecan
Black walnut
English walnut

Platanus occidentalis L.
*Platanus racemosa Nutt.

Leguminosae

Lythraceae
Lagerstroeqia indica L.

Crape myrtle
(not crepe myrtle)

Magnoliaceae
Liriodendron tulipifera L.
Tulip tree, yellow poplar
*Magno.lia grandiflora L.
Southern magnolia
Magnolia soulangeana SouL-Bod.
Showy magnolia

Malvaceae
Rose-of-Sharon

Hibiscus syriacus L.

Meliaceae
Texas umbrella, chinaberry tree
Moraceae
*Broussonetia papyrijera L'Her.
Paper mulberry
Ficus carica L.
Fig
Madura pomifera (RaE)
Osage orange
Schneider
Moms alba L.
White mulberry, frUitless mulberry
Morus nigra L.
Black mulberry

Jujube
Rosaceae

Grataegus c.f. laevigata
English hawthorne
(Poir.)DC
*Eriobotryajaponica LindL
Loquat
*Eriobotrya dejlexa (HemsL)
Bronze loquat
Nakai
Malusjloribunda Sieb.
Flowering crabapple
ex Van Houtte
Malus pumila Miller
Apple
Malus sp.
Crabapple
Photinia xfraseri Dress.
Photinia
Prunus armeniaca L.
Apricot
Prunus avium L.
Cherry
Prunus x bleriana Andre.
Flowering plum
*Prunus caroliniana Ait.
Carolina laurel cherry
Prunus cerasifera Ehrh.
Flowering plum
Prunus cerasus L.
Pie cherry, sour cherry
Prunus domestica L.
Plum
Prunus dulcis (Miller) D. A. Webb
Almond
Pyrus calleryana Decne. Bradford pear, Callery pear
Pyrus communis L.
Pear

Salicaceae
Populus alba L.
White poplar
Populus fremontii Wats.
Fremontpoplar, Fremont
cottonwood
Populus x canadensis Moench
Carolina poplar,
cottonwood
Populus nigra L. var.
Lombardy poplar
italica Duroi
Populus tremuloides Michx.
Quaking aspen
Salix babylonica L.
Weeping willow
Salix laevigata Bebb
Red willow
SaIL'\: matsudana Koidz.
Globe willow
Salix matsudana Koidz.
Corkscrew willow
'Tortuosa'
Sapindaceae
Koelreuteria paniculata Laxmann
Goldenrain tree
Sapindus saponaria L. var.
Soapberry
drummondii (Hook. & Am.) Benson

Myrtaceae

Simaroubaceae

*Eucalyptus nicholii
Willowleafeucalyptus
Maiden & Blakely
*Eucalyptus polyanthemos Schauer
Silver dollar gum
*Feijoa sellowiana Berg.
Pineapple guava

Ailanthus altissima (Miller)
Swingle

European ash
Raywood ash

Tree~of-heaven

Tamaricaceae
Tamarix parviflora DC

Oleaceae
Fraxinus excelsior L.
*Fraxinus oxycarpa Willd.
'Raywood'

Sycamore,
London plane tree
American sycamore
California sycamore

Rhamnaceae

Sweetbay

Albiziajulibrissin Durazz.
Mimosa, silk tree
Gaesalpinia gilliesii (Wallich)
Bird-of-paradise
Dietr.
Redbud
Gercis canadensis L.
Gleditsia triacanthos L.
Honey locust
Laburnum anagyroides Mebicus
Goldenchain
Parkinsonia aculeata L.
Paloverde
Honey mesquite
Prosopis glandulosa Torr.
Prosopis pubescens Benth.
Screwbean mesquite
*Robinia x ambigua Poir.
Idaho locust
'Idahoensis'
Robinia pseudoacacia L.
Black locust
Sophorajaponica L.
Japanese pagoda tree
Wisteria sp.
Wisteria

Melia azedarach L.

Platanus x acerifolia Willd.

Ziziphusjujuba Miller

Lauraceae
*Laurus nobilis L.

Velvet ash
Glossy privet
Olive

Tilia cordata L.
Tilia europea L.

Salt cedar, tamarisk

Tiliaceae
Small-leaved European linden
European linden
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Ulmaceae
Hackberry
American elm
English elm
Siberian elm

Celtis occidentalis L.
Ulmus americana L.
Ulmus procera Salisb.
Ulmus pllmila L.
Verbenaceae

Vitex agnus-castus L.

Chaste tree

DNISION MAGNOLIOPHYTA
CLASS LILIOPSIDA
Agavaceae

Yucca brevifolia Engelm.
Yuccasp.

Joshua tree

Palmaceae

*Chamaerops humilis L.
Mediterranean fan palm
*Phoenix dactlJlifera L.
Date palm
*Trachycarpus fortunei Wendl.
Windmill plllm
Washingtonia filifera (L. Linden) California fan palm
Wendl.
*Washingtonia robusta Wendl.
Mexican fan palm
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