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ABSTRACT 

Blackbrush (Co!eogyne ramosissimaTorr.) is 
a regionally dominant shrub species found in 
the transition zone between North American 
warm and cold deserts where it occupies 
millions of hectares on National Park Service, 
Bureau of Land Management, and National 
Forest lands. Blackbrush habitat is under 
severe threat of loss from the combined 
effects of exotic annual grasses, increased fire 
frequency, and rapid climate change. Attempts 
to restore blackbrush habitat have met with 
limited success. This research synthesizes 
existing information on blackbrush biology 
and ecology. Our goal is to guide successful 
restoration efforts. Recent genetic work has 
revealed the existence of two metapopulations 
corresponding to the Mojave and Colorado 
Plateau regions. This work, along with ger­
mination and reciprocal transplant studies, 
demonstrates the need to use appropriate 
seed sources. Blackbrush plants produce 
large seed crops infrequently; however, seed 
can be stored for 10--12 _years with minimal 
loss of viability. Establishment success may 
be enhanced by planting seeds in the fall 
to meet chilling requirements, and in small 
groups at 2.5--4.0 em in depth to mimic rodent 
caches. Cunent observations and projected 
changes in climate suggest that attempts to 
restore blackbrush at lower elevations than 

its current distribution would be unlikely to 
succeed. Common garden experiments under 
multiple climate conditions will give us a 
better understanding of climatic tolerances. 
Further research is needed to develop new 
and better restoration techniques . 

INTRODUCTION 

Blackbrush (Coleogyne ramosissima -Torr.) 
occurs in an ecotonal band between warm 
and cold desert regions extending from 
California through Utah and Arizona (Meyer 
and Pendleton 2005). It is an iconic landscape 
dominant in many of the national parks 
and monuments. In the Colorado Plateau, 
blackbrush is found throughout much of 
southeastern Utah primarily in upland areas 
along the Colorado and San Juan River 
drainages and into the desert canyon areas of 
northern Arizona. Blackbrush communities 
of the Colorado Plateau are bounded by salt 
deset1 shrub (Atriplex sp.), sand sagebrush 
(Artemisiafi!ifolia), and grass communities at 
lower elevations and by pinyon-juniper (Pinus 
edulis-Juniperus sp.) and sagebrush-grass at 
higher elevations. Blackbrush communities 
also occur in the Mojave, where they are 
bounded by the creosote-bursage (Larrea 
tridenlata-Ambrosia dumosa) community 
at lower elevations and by pinyon-juniper-
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sagebrush at upper elevations (Lei and 
Walker 1995). Blackbrush is found in some 
of the most scenic areas of the Southwest, 
and it provides cover and food for a number 
of wildlife species, most notably heteromyid 
rodents (Auger 2005), nongame birds, deer, 
and desert bighom (Bradley 1965; Brown and 
Smith 2000). 

The blackbrush community is currently 
under threat from the combined effects of 
exotic species, large-scale fires, and climate 
change. Predicted effects of climate change 
on recruitment ofblackbrush make it unlikely 
that blackbrush will persist in place. Black­
brush has little resistance to invasion by exotic 
species and very little resilience to subsequent 
large-scale fires . Blackbrush itself is not fire 
adapted and does not resprout when burned 
(Brooks 2009). Large areas of the blackbrush 
community have burned in the last decade, 
although primarily in the Mojave. Natural 
recove1y from these and other large-scale 
disturbance events is apparently not possible, 
and the resulting vegetation then becomes 
dominated primarily by exotic weed species 
(Brooks 2009). 

In this chapter, we summarize the current 
state of knowledge of blackbrush biology, 
including reproductive biology, establish­
ment ecology, interaction with herbivores, 
response to disturbance, and genetic stmc­
ture. We report on current studies of inter­
population variation and potential response 
to climate change. Finally, we assess current 
efforts at restoration and identify needs for 
additional research. 

DISTRIBUTION AND GENETIC 
STRUCTURE 

Prior to the early 1970s, very little was known 
about blackbrush, despite its occurrence as 
a landscape dominant on over three million 
hectares (Pendleton and Meyer 2004). The 
first intensive study of blackbrush biology 
was done by Jim Bowns as part of his PhD 
research (Bowns 1973). Most of Bowns' 
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dissertation was subsequently published 
as a research report (Bowns and West 
1976), which incJuded a distribution map 
for blackbrush compiled from a number 
of sources. More recently, Richardson and 
Meyer (20 12) developed a map of predicted 
distribution based on bioclimatic profiles 
(figure 10.1). Unlike the map ofBowns and 
West (1976), the newer map shows a distinct 
break between Colorado Plateau and Mojave 
Desert populations. 

This break in distribution is reinforced 
by genetic analysis (Richardson and Meyer 
20 12), which revealed the existence of two 
metapopulations corresponding to Colorado 
Plateau and Mojave Desert regions. This same 
study also refuted the long-held assumption 
that olackbrush was a paleoendemic species, 
generally lacking in genetic variation (Steb­
bins 1972; Stebbins and Major 1965). The 
assumption was based primarily on the fact 
that the genus is monotypic with few close 
relatives (see Potter et al. 2007) . Current dis­
tribution was thought to represent a restriction 
from a much wider distribution during the 
Cretaceous period to xeric "islands" during 
the onset of more mesic Tertiary· conditions 
during which the gene pool became depauper­
ate (Stebbins 1972). In contrast, studies have 
now revealed a relatively high level of genetic 
diversity within blackbrush populations, as 
well as significant population differentiation 
(Richardson and Meyer 2012; Schuster 
et al. 1994). The existence of two metapop­
ulations also provides context for prior work 
demonstrating that the two population groups 
differ in other important ways related to their 
germination characte1istics and establishment 
strategies (Meyer and Pendleton 2005; Pend­
leton and Meyer 2004 ). 

SOILS AND SOIL MICROORGANISMS 

Blackbrush stands typically occur on upland 
terraces, ridges, open plains, and alluvial 
slopes (Bowns 1973; Bowns and West 1976; 
Turner 1994). Edaphic conditions largely 
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Figure 10. 1. Predicted distribution of blackbrush based on a bioclimatic profile from Richardson and Meyer (2012). 

control the amount of blackbrush present 
within a vegetative community (Thatcher 
1975). Soils are generally described as 
coarse, shallow, poorly developed, and 
calcareous (Anderson 200 l; Kearney and 
Peebles 1960; Shreve 1942). However, more 
specific descriptions are needed. Parent 
materials in the Colorado Plateau frequently 
consist of sandstone or siltstone, whereas 
mixed alluvium and basalts are more com­
mon on Mojave sites, and often they have a 
pronounced petrocalcic layer (Bowns 1973). 
Blackbrush is saline sensitive (Wallace and 

Romney 1972) and does not occur on soils 
with high salt content (Bowns and West 
1976; Shreve 1942). A more comprehensive 
description of blackbrush soil relationships 
across the geographic range is sorely needed, 
as available soils data are somewhat limited. 

In the Colorado Plateau, blackbmsh sites 
characteristically exhibit well-developed 
biotic crusts, which help to stabilize sandy 
soils in the relatively large perennial plant 
canopy interspaces (Belnap and Lange 
2003; Munson, Belnap, and Okin 2011). 
Soil crusts in the Mojave are less developed 
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Figure 1 0.2. Photograph of a pedestalled blackbrush plant 
showing the high degree of soil erosion that often follows 
destruction of biological soil crusts on the Colorado Plateau. 

and are dominated by cyanobacteria with 
occasional patches of lichen and moss. Soil 
organic matter, nitrogen, and phosphorus are 
reportedly higher under blackbrush plants 
than in interspaces, which is consistent with 
the fertile island effect common to shrub lands 
(Bowns and West 1976; Thompson et al. 
2005). Wallace and Romney (1972) attributed 
the increase in nitrogen to symbiotic nitro­
gen fixation within the shrub rhizosphere. 
However, biological soil crusts are the 
predominant source of nitrogen in many arid 
ecosystems (Evans and Ehleringer 1993), and 
nitrogen fixed by soil crust cyanobacteria 
can be translocated to plant roots through 

mycorrhizal and dark septate fungal associa­
tions (Green, Porras-Alfaro and Sinsabaugh 
2008; Hawkes 2003). This mechanism may 
well be operating in the well-defined soil 
crusts of the Colorado Plateau and, to a more 
limited extent, in the Mojave. In greenhouse 
studies, blackbrush seedlings exhibited a 
positive growth response to the presence of 
arbuscular mycorrhizae and biological soil 
crusts (Pendleton, Pendleton, and Howard 
1999). Large-scale hot fires can disrupt these 
soil relationships, and loss of soil crust from 
any kind of disturbance can lead to significant 
erosion (figure 10.2; Belnap and Lange 2003; 
Munson et al. 2011 ). 
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REPRODUCTIVE BIOLOGY 

Flowering in blackbrush typically occurs 
during April and early May and is induced 
by moderate to heavy winter precipitation. 
The timing and degree of flowering varies 
significantly from year to year (Beatley 1974). 
Population flowering occurs over a period of 
2-3 weeks (Pendleton and Meyer 2004). Indi­
vidual flowers are open 4-5 days, and most of 
the anthers dehisce within the first 24 hours 
(Pendleton and Pendleton 1998). Ftowers are 
perfect and regular, with a perianth usually 
consisting of four persistent yellow petaloid 
sepals (Welsh et al. 1993). The fntit is a gla­
brous chestnut-brown achene. Blackbmsh is 
wind-pollinated and largely self-incompatible, 
but it exhibits characteristics indicative of 
evolution from an insect-pollinated ancestor. 
In addition to the showy petaloid sepals, rare 
individuals with l--4 yellow petals have been 
observed in most populations, and plants 
occasionally produce more than one fruit per 
flower (Pendleton and Pendleton 1998). 

Blackbrush is mast-seeding, which is 
defined as the "synchronous intermittent 
production of large seed crops in perennial 
plants" that "results from weather conditions 
or is an evolved plant reproductive strategy" 
for satiating predators (Kelly and Sork 
2002, 427). Mast-seeding in blackbrush 
is- a composite of both forces. The size of 
the seed crop is related to precipitation and 
plant resource reserves , which accumulate 
slowly in woody desert species (Pendleton, 
Meyer, and Pendleton 1995). Mast-seeding 
events deplete resource reserves such that, 
even when adequate winter precipitation 
occurs in successive years, black brush does 
not produce successive large fruit crops. 
A mast-year's crop comprises almost all 
of the seed production at low elevations, 
whereas some seeds are produced in more 
mesic higher-elevation sites in all but the 
driest intermast years (Pendleton, Meyer, and 
Pendleton 1995). Periods between mast-seed 
crops often exceed five years . Late frosts 
can reduce or eliminate flowering and fruit 

production (Pendleton 2008; Pendleton , 
Meyer, and Pendleton 1995). 

Blackbrush fruits ripen between late May 
and the third week of July depending on 
elevation and weather conditions (Pendleton 
2008). Natural seed-fall is correlated with rain 
showers, which dislodge the achenes from the 
floral cup (Auger 2005). Achenes have no 
special morphological traits that would aid 
in dispersal , but they are gathered and cached 
by heteromyid rodents (Auger 2005 ; Bowns 
and West 1976). In the Colorado Plateau 
(Auger 2005), these consist primarily of Ord 's 
kangaroo rat (Dipodomys ordii) and the plains 
pocket mouse (Perognathus.flavescens) . In the 
Mojave, the chisel-toothed kangaroo rat (D. 
microps) is the major disperser (Beatley 1976). 

GERMINATION AND ESTABLISHMENT 

Freshly collected seed ofblackbrush is largely 
dormant. Dry after-ripening under summer 
field conditions may reduce initial donnancy, 
and winter chilling removes any remaining 
dormancy (Meyer and Pendleton 2005; 
Pendleton and Meyer 2004 ). Th~ amount of 
chill required to break donnancy is correlated 
with collection site 's elevation. Seeds from 
]ow-elevation sites have shorter chilling 
requirements than seeds from higher elevation 
sites. Also, seeds from higher, colder sites, 
where winter snow regularly occurs, have 
a lower optimum temperature for chilling 
and can genninate faster when incubated at 
near-freezing temperatures (Pendleton and 
Meyer 2004) . In the field, germination takes 
place in late winter, under winter rain condi­
tions at warm desert Mojave sites, and under 
snow at colder Colorado Plateau sites (Meyer 
and Pendleton 2005). This ecotypic variation 
functions to time germination optimally in 
habitats with contrasting chilling regimes 
(Pendleton and Meyer 2004) . 

Blackbmsh does not form a persistent seed 
bank, and recruitment depends on seed pro­
duced during the previous summer. Seeds are 
collected by heteromyid rodents (kangaroo 



rats and pocket mice) and cached in scatter 
hoards (Auger 2005). Scatter hoarding is the 
collection of seed by heteromyid rodents and 
subsequent burial in small surface caches 
(Langland et al. 2001 ). The rodents later 
retum to recollect the seed and store it in 
their burrows (larder hoards). Larder-hoarded 
seeds are removed from the seed bank, but 
scatter hoards that were not recollected form 
a short-term seed bank. Burial by rodents 
is generally required for blackbrosh seed 
to genninate and for successful seedling 
establishment. 

Following germination, several weeks of 
root growth occurs prior to shoot emergence 
in early spring (Pendleton 2008). Timing of 
emergence varies with region: February for 
wann winter Mojave Desert populations and 
March for Colorado Plateau populations. 
Seeds and emerging seedlings are very pal­
atable to heteromyid rodents, and therefore, 
successful recruitment is primarily limited 
to periods following a mast~seed crop when 
some of the cached seed can escape predation 
(Auger 2005). Successful establishment is a 
relatively rare event, requiring two years of 
above-average precipitation--one to produce 
a seed crop of sufficient size and another for 
seedlings to get through the summer. Emerged 
seedlings have very low survivorship over 
time due to herbivory and summer moisture 
limitation (Bowns and West 1976). Meyer and 
Pendleton (2005) found establishment success 
to be greatest for seeds from local popula­
tions, indicating ecotypic differentiation in 
emergence and establishment strategies for 
Mojave and Colorado Plateau populations. 
Overall establishment success, however, was 
much greater on the Colorado Plateau where 
cooler temperatures and more dependable 
summer moisture prevail (figure 1 0.3). 

RESPONSE TO DISTURBANCE 
AND CLIMATE CHANGE 

Blackbrush communities are under threat 
from the combined effects of climate change, 
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invasive grasses, and increased fire frequency. 
Global climate change models predict higher 
temperatures and an increase in extreme 
drought events for the Southwest (Archer 
and Predick 2008; Cay an et al. 201 0; Seager 
et al. 2007). Drought has multiple effects on 
seed set and seedling recruitment. Increased 
drought during seed fill can negatively affect 
seed production of long-lived mast-seeding 
woody species (Perez-Ramos 201 0), and the 
stress period for seedlings is the time between 
the loss of winter soil moisture and the onset 
of monsoonal moisture in July-September. 
While mature plants undergo dormancy during 
this time, the majority of seedling mortality 
occurs during this period. Greater than normal 
precipitation during this usually dry period 
appears to be the key to seedling survival. 
Predicted increases in summer temperatures, 
coupled with a higher incidence of drought, 
will exacerbate seedling stress and make 
successful recruitment an even rarer event. 

Predicted effects of climate change on 
recruitment of blackbrush make it unlikely 
that blackbrush will persist in place. Current 
observations suggest an upward ,.elevational 
shift in distribution for this species in response 
to a long-term warming trend (Meyer and 
Pendleton 2005). Data from packrat middens 
reveal past migration of the blackbrush 
ecotone. Blackbrush has been reported from 
Late Pleistocene midden sites along the lower 
Colorado River Valley, far to the south of its 
current range, as well as at lower elevations of 
the Grand Canyon (Cole 1990a, 1990b; Hunter 
and McAuliffe 1994; King and VanDevender 
1977; VanDevender 1990). During the late 
Pleistocene and early Holocene, blackbrush 
migrated northward and upward in elevation 
into the Mojave Desert and Colorado Plateau, 
likely reaching its historic distribution in the 
late Holocene (Coates, Cole, and Mead 2008; 
Cole 1990a, 1990b; Hunter and McAuliffe 
1994). The paleo records, therefore, indicate 
that blackbrush has the ability to migrate in 
response to changes in climate; however the 
speed at which future changes occur may 
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preclude natural migration for long-lived 
species with episodic recruitment. 

By far the greatest threat to the blackbrush 
community comes from the combination of 
exotic grasses and accompanying changes in 
the fire regime. Climate change models pre­
dict an increase in the incidence of large-scale 
wildfire (Marlon et al. 2009). As stated earlier, 
the blackbrush community has little resistance 
to invasion by exotic annual grasses and is 
extremely vulnerable to fire (Brooks and 
Chambers 20 ll ; Brooks and Matchett 2006). 
Historically, low amounts of fine fuels present 
in shrub interspaces limited the spread of fires 
except under extreme conditions (Brooks, 
Esque, and Duck 2007), and recovery often 
occurred within a few decades (Brooks and 
Matchett 2006). Natural fire-return intervals 
were likely on the order of centuries (Webb 
et al. 1987). Extensive burning of blackbrush 
stands in the mid-1900s to improve livestock 
production had unpredictable outcomes and 
mostly resulted in less desirable vegetation 
(Bowns and West 1976; Brooks, Esque, and 
Duck 2007). Burned blackbrush stands took 
many years to recover, if at all. 

Exotic grasses now present in most 
blackbrush stands in the Mojave create large 
amounts affine fuels foJlowing years of high 
rainfall (Brooks and Matchett 2006). Ensuing 
fires can bum large areas and encourage dom­
inance by early-seral exotic annuals that, in 
turn, perpetuate shorter fire-return intervals 
(Brooks 2009; Brooks and Pyke 2002; Engel 
and Abella 2011 ). For example, Esque (2009) 
modeled blackbrush habitat and fire perim­
eters in the Mojave immediately following 
years of high rainfall. Their study revealed 
that nearly 7,700 km2 of black brush habitat 
burned in 2005-2006 alone. The Ely Bureau 
of Land Management District had the highest 
impact, with about 40% (112,502 ha) of the 
district's blackbrush communities burned 
during the 2005 and 2006 fire seasons. 

Recruitment following fire is seed limited. 
Partially burned adult plants may recover to 
some extent, but most large-scale fires are 
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stand-replacing. Seedlings are not fire-tolerant, 
but if a fire occurs in the summer after seeds 
are cached (June), seeds may survive the fire 
and emerge in the winter and spring (Zitzer 
2009). Rodent behavior is at least partially 
responsible for the lack of recovery following 
large fires, as seed movement by granivores 
into a burned area is restricted (Beatley 1976). 
In the Mojave, the kangaroo rat (D. microps), 
which occupies the unburned blackbrush com­
munity, does not cache seeds in open areas, 
such as bums, due to predation threat. On the 
other hand, small-scale disturbances, such as 
pipelines, road cuts, and rights-of-way, can be 
revegetated with seed caches and will recover 
in time (Beatley 1976). 

While concern over loss of blackbrush 
habitat has centered around Mojave popu­
lations, the Colorado Plateau is not immune 
from similar losses . There are many reports 
of dramatic increases in exotic annual grass 
cover in grasslands of the Colorado Plateau 
(Belnap, Phillips, and Troxler 2006; Enserink 
1999; Hanson 1999; Rimer and Evans 2006; 
SchwiTll1ing et al. 2008). Although cheatgrass 
(Bromus tectorum) does not cun:ently occur 
extensively in blackbrush habitat,- new 
strains of cheatgrass may be able to adapt 
and persist. Furthermore, the impact that 
climate change will have on invasive species 
in general and annual grasses specifically 
is not well understood . Predictions range 
from an increase in the number of invasive 
species and the expansion of exotic annual 
grasses (e.g., Abatzoglou and Kolden 2011; 
D'Antonio and Vitousek 1992) to a decrease 
in potential habitat for cheatgrass, at least, 
in the Southwest (Bradley 2009). Conse­
quently, while blackbrush communities in the 
Colorado Plateau have not yet experienced 
the same kind of fire-cycle increase that has 
occurred in the Mojave, it is possible that new 
introductions of invasive species, combined 
with predicted alterations in temperature and 
precipitation patterns that will accompany 
climate change, could alter fire patterns on 
the Colorado Plateau. 
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RESTORATION POTENTIAL 
AND GUIDELINES 

Blackbrush is considered to be one of the most 
challenging ecosystems to restore (Brooks 
and Matchett 2006; Hansen and Ostler 2008) . 
There have been attempts to seed blackbrush 
(Abella and Newton 2009), but success has 
been limited . Transplants have also met with 
mixed success (Monsen, Stevens, and Shaw 
2004). ]tis our hope that an understanding of 
the biology of blackbrush will increase the 
success of future restoration efforts. 

Blackbrush mast-seed crops are produced 
infrequently and, therefore, seed availability 
is likely to be a limiting factor in restoration . 
However, blackbrush seed does maintain 
viability in storage. Gennination and emer­
gence tests on 32 seed collections that had 
been kept at room temperature for 12-27 
years revealed that seed lots with good initial 
viability maintained a viability of greater than 
80% for 10-12 years (Pendleton et al. 20 12). 
Large quantities of good quality seed can 
easily be collected in mast-years and stored 
for future use. For example, in 2008, volun­
teers collected a large mast crop of Mojave 
blackbntsh seed for use in future plant pro­
duction and seeding projects. This volunteer­
collecting effort is a good example of a 
cost-effective method of providing a supply 
of seed for use after fire or other disturbances 
(Brean 2008). 

Germination and establishment success 
may be enhanced by planting seeds in the 
fall to meet chilling requirements and at a 
depth of 2.5-4.0 em to mimic rodent cache 
depth . It may also be necessary to protect 
emerging seedlings from rodent predation 
(Jones 2012). In emergence experiments in 
the Mojave and Colorado Plateau, protective 
hardware cloth cages were effective in 
reducing seed and seedling predation, which 
resulted in higher survivorship than for 
uncaged seeds (Meyer and Pendleton 2005). 
Seeding in groups (caches) also seems to 
improve survival. Blackbrush is adapted to 

growing in clusters, and natural recruitment 
often occurs under established nurse plants 
(Jones 20 12; S. Kitchen unpublished data) . 
It may therefore be useful to establish nurse 
plants on large bumed areas by including 
other species that have high seedling success 
rates in a seed mix (Abella and Newton 
2009) , or through the use of transplants to 
establish shrub islands. It is important, too, 
to use an appropriate seed source, as Mojave 
and Colorado Plateau populations differ in 
their germination and establishment strate­
gies (Meyer and Pendleton 2005; Pendleton 
and Meyer 2004 ). There are also elevational 
differences among populations in chilling 
requirements. 

Restoration may also be accomplished 
through the use of transplants. Production 
of blackbrush ptants for transplanting is not 
difficult (Pendleton 2008), but use of a well­
drained soil medium is necessary as seedlings 
are susceptible to overwatering (Pendleton 
2008; Wallace and Romney 1972). Even 
older, stored seed can be successfully used 
to produce seedlings. We have successfully 
produced seedlings from seed s~ored for 27 
years by first germinating seeds in a growth 
chamber (Pendleton et al. 2012). In the 
Mojave, transplants would need additional 
water to become established, likely for 
multiple years (Winkel eta!. 1995; Pendleton 
unpublished data). In contrast, Colorado Pla­
teau plantings have been established without 
second year supplemental water due to the 
more predictable summer moisture (Hughes 
and Weglinski 1991). 

Whether by seedings or transplants, resto­
ration efforts will meet greater success at the 
upper blackbmsh ecotone or above. Predicted 
climate change variables of i.ncreasing C0

2
, 

higher nighttime winter temperatures, and 
lack of spring and early summer moisture all 
suggest that attempts to restore blackbrush 
communities at lower elevations would be 
unlikely to succeed. A recent restoration 
study using black.brush seed reported larger 
and more numerous seedlings at mid and high 



elevations (Jones 20 12), which is a result that 
supports our own observations . 

Additionally, an understanding of how 
genetic variation is arrayed across the land­
scape is necessary for successful restoration 
and conservation efforts. Restoration of a 
viable blackbrush community must take into 
account the existence of the Mojave and Col­
orado Plateau metapopulations (Richardson 
and Meyer 20 12) and use genetically appro­
priate sources for blackbrush seed. Further 
development of seed transfer zones will aid 
in this effort. 

RESEARCH NEEDS 

Despite 40 years of active research on the 
biology and ecology of blackbrush, ques­
tions remain. Would use of a pre-emergent 
herbicide prior to seeding increase success? 
In the Mojave, the lack of moisture between 
emergence and the monsoon cannot be 
overcome without irrigation. Might the use 
of hydrogels overcome this need? Could 
the establishment of appropriately placed 
shrub islands within large disturbances 
influence rodent caching behavior? How 
do soil characteristics affect invasibility? 
What is the frequency of successful seedling 
establishment, and how might this change 
under future climate conditions? The growth 
chamber experiments (Pendleton et aL 2012) 
were an initial step in determining viability 
of seed in long-term storage, but field trials 
with older seed are needed along with addi­
tional work on seed transfer zones, seeding 
rates , and appropriate seed mixes for a given 
location. Field studies are needed to test the 
guidelines given above, including the effec­
tiveness of nurse plants of various species 
(e.g., Jones 2012; Scoles-Sciulla, DeFalco, 
and Esque 2014) and seeding techniques that 
improve establishment success. Restoration 
of the blackbrush ecosystem presents a major 
challenge that requires further research, as 
well as the development of new and better 
restoration techniques. 

Blackbrush (Co/eogyne ramosissima Torr.) 151 

REFERENCES 

Abatzoglou, J. T. , and C. A. Kolden . 20 ll. "Cli­
mate Change in Western US Deserts: Potential 
for Increased Wildfire and Invasive Annual 
Grasses." Rangeland Ecology and Manage­
ment 64:471 - 78 . 

Abella, S. R., and A. C. Newton. 2009. "A Sys­
tematic Review of Species Performance and 
Treatment Effectiveness for Revegetation in the 
Mojave Desert, USA ." In Arid Environments 
and Wind Erosion , edited by A. Fernandez­
Bernal and M. A. De La Rosa, 45-74. Haup­
pauge, NY: Nova Science Publishers, Inc. 

Anderson, M. D. 2001. "Coleogyne ramosissima." 
In Fire Effects Information System. U.S . Depart­

ment of Agriculture, Forest Service, Rocky 
Mountain Research Station, Fire Sciences Labo­
ratory. Available: http://www.feis-crs.org/beta/ 
(accessed February 22, 2012) . 

Archer, S. R., and K. I. Predick. 2008. "Climate 
Change and Ecosystems of the Southwestern 
United States." Rangelands 30 :23-28 . 

Auger, J. 2005. Effects of Resource Availability and 
Food Preferences on Population Dynamics and 
Behavior of Ord's Kangaroo Rats (Dipodom.ys 
ordii). Reno NV: University ofNevada Press . 

Beatley, J. C. 1974. "PhenologicaLEvents and 
Their Environmental Triggers in Mojave Des­
ert Ecosystems." Ecology 55 :856--63 . 

--- . 1976. "Environments of Kangaroo Rats 

(Dipodomys) and Effects of Environmental 
Change on Populations in Southern Nevada." 
Journal of Mammalogy 57 :67-93 . 

Belnap, J., and 0. L. Lange, eds . 2003. Biological 
Soil Crusts: Structure, Function. and Manage­
ment. 2nd ed. Berlin: Springer-Verlag. 

--- . S. L. Phillips, and T. Troxler. 2006. "Soil 
Lichen and Moss Cover and Species Richness 
can be Highly Dynamic: The Effects of 
Invasion by the Annual Exotic Grass Bromus 
tectorum , Precipitation, and Temperature on 
Biological Soil Crusts in SE Utah." Applied 
Soil Ecology 32:63-76 . 

Bowns, J. E. 1973 . An Autecological Study of 
Blackbrush (Coleogyne ramosissima Ton:) 
in Southeastern Utah . Logan, UT: Utah State 
University Press. 

Bowns, J. E., and N. E. West. 1976. "Blackbrush 
( Coleogyne ramosissima Torr.) on Southwestem 



152 Pendleton et al. 

Utah Rangelands." Research Report 27. Logan, 
UT: Utah Agricultural Experiment Station. 

Bradley, B. A. 2009. ''Regional Analysis of the 
Impacts of Climate Change on Cheatgrass 
Invasion Shows Potential Risk and Opportu­
nity." Global Change Biology 15 :196-208. 

Bradley, W. G. 1965. "A Study of the Blackbrush 
Plant Community on the Desert Game Range." 
Transactions of the Desert Bighorn Council 
9:56-61. 

Brean H. 2008. "Help Sought to Glean Seeds from 
Desert." Las Vegas, NV: Las Vegas Review 
Journal May 22, 2008 . 

Brooks, M. L. 2009. "Blackbmsh Shrublands: 
Fire Conditions and Solutions in the Mojave 
Desert." Fire Science Brief 53: 1-6. 

Brooks, M. L., and 1. C. Chambers. 20 II. "Resis­
tance to Invasion and Resilience to Fire in Des­
ert Sbrublands of North America." Rangeland 
Ecology and Management 64:431-38. 

Brooks, M. L., T. C. Esque, and T. Duck. 2007. 
"Creosotebush, Blackbrush, and Interior 
Chaparral Slrrublands." In Fire Ecology and 
j\;fanagemen/ of the Jvfajor Ecosystems of 
Southern Utah, 57-71. General Technical 
Report RMRS-GRT-202. Fort Collins, CO: 
U. S. Department of Agriculture, Forest Ser­
vice, Rocky Mountain Research Station. 

Brooks, M. L., and J. R. Matchett. 2006. "Spatial 
and Temporal Patterns of Wildfires in the 
Mojave Desert, 1980-2004." Journal of Arid 
Environments 67:148-64. 

Brooks, M. L., and D. A. Pyke. 2002. "fnvasive 
Plants and Fire in the Deserts of North Amer­
ica." In Proceedings of the Invasive Species 
Workshop: The Role of Fire in the Control and 
Spread of Invasive Species. Fire Conference 
2000: The First National Congress on Fire 
Ecology, Prevention, and Management, edited 
by K. E. M. Galley and T. P. Wilson, 1-14. 
Miscellaneous Publication No. 11. Tallahassee, 
FL: Tall Timbers Research Station. 

Brown, J. K., and J. K. Smith, eds. 2000. "Wild­
land Fire in Ecosystems: Effects of Fire on 
Flora." General Technical Report RMRS-GRT-
42-vol. 2. Ogden, UT: U.S. Department of 
Agriculture, Forest Service, Rocky Mountain 
Research Station. 

Cayan, D. R., T. Das, D. W. Pierce, T. P. Barnett, 
M. Tyree, and A. Gershunov. 20 I 0. "Future 
Dryness in the Southwest US and the Hydrology 

of the Early 21st Century Drought.'' Proceed­
ings of the National Academy of Sciences 
107:21271-76. 

Coats, L. L., K. L. Cole, and 1. I. Mead. 2008. 
"50,000 Years of Vegetation and Climate 
History on the Colorado Plateau, Utah and Ari­
zona, USA." QuatemaJy Research 70:322-38. 

Cole, K. L. l990a. "Reconstruction of the Past 
Desert Vegetation A long the Colorado River 
Using Packrat Middens." Palaeogeography, 
Palaeoclimatology, Palaeoecology 76:349-66. 

---. 1990b. "Late Quaternary Vegetation 
Gradients Through the Grand Canyon." In 
Packrat Middens: The Las/ 40,000 Years of 
Biotic Change, compiJed by J. L. Betancourt, 
T. R. Van Devender, and P. S. Martin, 240--58 . 
Tucson, AZ: University of Arizona Press. 

D'Antonio, C. M., and P. M. Vitousek. 1992. 
"Biological fnvasions by Exotic Grasses, the 
Grass/Fire Cycle, and Global Change." Annual 
Review of Ecology and Systematics 23:63-87. 

Engel, E. C., and S. R. Abella. 2011 . "Vegetation 
Recovery in a Desert Landscape After Wild­
fires: Influences of Community Type, Time 
Since Fire and Contingency Effects." Journal 
of Applied Ecology 48:1401-10. 

Enserink, M. 1999. "Predicting Invasions: Biolog­
ical Invaders Sweep." Science 28~: J 834--36. 

Esque, T C., R. D. Inman, K. Prentice, c~ Lund, 
and K. K. Drake 2009. "A Spatial Analysis of 
Blackbrush Ecology and Response to Fire in 
the Mojave Desert." Poster presentation at the 
Annual Meeting of the Califomia Native Plant 
Society. Sacramento, CA. January. 

Evans, R. D. , and J. R. Ehleringer. 1993. "A Break 
in the Nitrogen Cycle in Aridlands? Evidence 
fwm 815N of Soils." Oecologica 94:314-17. 

Green, L. E., A. Porras-Alfaro, and R. L. Sinsa­
baugh. 2008. "Translocation of Nitrogen and 
Carbon Integrates Biotic Crust and Grass 
Production in Desert Grassland." Journal of 
Ecology 96:413-20. 

Hansen, D. J., and W. K. Ostler. 2008 . "A Survey 
of Vegetation and Wildland Fire Hazards on the 
Nevada Test Site." In Proceedings-Shrublands 
under Fire: Disturbance and Recovery in a 
Changing World, compiled byS. F. fGtchen, R.L. 
Pendleton, T. A. Monaco, and J. Vernon. Pro­
ceedings RMRS-P-52, 139-45. Fort Collins, 
CO: U.S . Department of Agriculture, Forest 
Service, Rocky Mountain Research Station. 



Hanson, K. 1999. "Cheatgrass (Bromus tecto r­
um L) Invasion in Relation to Phosphorus 
Sources and Availability in Canyonlands 
National Park, Utah." Canyonlands Research 
Bibliography Paper 30. 

Hawkes, C. V. 2003. "Nitrogen Cycling Mediated 
by Biological Soil Crusts and Arbuscular 
Mycorrhizal Fungi." Ecology 84:1553-62. 

Hughes, H., and E. Weglinski. 1991 . "Blackbrush, 
Coleogyne ramossissima, Propagation and 
Revegetation of Disturbed Sites." In 15th 
annual report, edited by G. E. Plumb, 67-74. 
Laramie, WY: University ofWyoming, National 
Park Service Research Center. 

Hunter, K. L., and J. R. McAuliffe. t994. "Eie­
vational Shifts of Coleogyne ramosissima in 

the Mojave Desert During the Little Ice Age." 
Quatern01y Research 42: 216-21. 

Jones, L C. 2012 . "Seedling Ecology and Resto­
ration ofBlackbrush (Coleogyne ramosissima) 
in the Mojave Desert." MS thesis. San Marcos, 
TX: University of Texas-San Marcos . 

Kearney, T. H., and R. H. Peebles. 1960. Arizona 
Flora. 2nd ed. Berkeley, CA: University of 
California Press. 

Kelly, D., and V. L. Sork. 2002. "Mast Seeding in 
Perennial Plants: Why, How, Where?" Annual 
Review of Ecology and Systematics 33:427-4 7. 

King, J. E., and T. R . Van Devender. 1977. "Pol­
len Analysis of Fossil Packrat Middens from 
the Soooran Desert." Quaternary Research 
8:191-204. 

Lei, S. A., and L. R. Walker. 1995. "Composition 
and Distribution of Blackbrush ( Coleogyne 
ramosissima) Communities in Southern Nev­
ada." In Proceedings: Wildland Shrub and Arid 
Land Restoration Symposium, compiled by 
B. A. Roundy, E. D. McArthur, J. S. Haley, and 
D. K. Mann,192-95 . General Technical Report 
INT-GTR-315. Ogden, UT: U.S . Department 
of Agriculture, Forest Service, Intermountain 
Research Station. 

Langland, W. S., S. H. Jenkins, S. B. Vander Wall, 
J. A. Veech, and S. Pyare. 2001. "Seedling 
Recruitment of 01yzopsis hymenoides: Are 
Desert Granivores Mutualists or Predators?" 
Ecology 82:3131-48 . 

Marlon, J. R., P. J. Bartlein, M. K. Walsh, S. P. 
Harrison, K. J. Brown, M . E. Edwards, P. E. 
Higuera, M. J. Power, R. S. Anderson, C. Briles, 
A. Brunelle, C . Carcaillet, M. Daniels, F. S. 

Blackbrush (Coleogyne ramos;ssima Torr.} 153 

Hu, M. Lavoie, C. Long, T. Minck.ley, P. J. H. 
Richard, A. C. Scott, D. S. Shafer, W. Tinner, 
C. E. Umbanhowar, Jr., and C. Whitlock. 2009. 
"Wildfire Responses to Abrupt Climate Change 
in North America." Proceedings of the National 
Academy of Sciences 106:2519-24. 

Meyer, S. E., and B. K . Pendleton. 2005. "Factors 
Affecting Seed Germination and Seedling 
Establishment of a Long-Lived Desert Shrub 
(Coleogyne ramosissima: Rosaceae)." PLant 
Ecology 178:171-87. 

Monsen, S. B., R. Stevens, and N. L. Shaw 
(Camps). 2004. "Restoring Western Ranges 
and Wildlands." General Technical Report 
RMRS-GTR-136, val. 2. Fort Collins, CO : 
U.S. Department of Agriculture, Forest Ser­

vice, Rocky Mountain Research Station. 
Munson, S.M. , J. Beinap, and G. S. Okin. 2011. 

"Responses of Wind Erosion to Climate­
Induced Vegetation Changes on the Colorado 
Plateau." Proceedings of the NationaL Academy 
of Sciences 108:3854-59. 

Pendleton, B. K. 2008. "Coleogyne ramosissima 
Torr." In The Woody Plant Seed Manual, edited 
by F. T. Bonner and R . P. Karrfalt, 422-25. 
Agriculture Handbook 727. Washington, DC: 
U.S. Department of Agriculture, Forest Service. 

Pendleton, B. K., and S. E. Meyer. 2004. 
"Habitat-Correlated Variation in' .. Blackbrush 

(Coleogyne ramosissima: Rosaceae) Seed 
Germination Response." Journal of Arid Envi­
ronments 59:229-43. 

Pendleton, B. K., S . E. Meyer and R. L. Pend­
leton. 1995. "Blackbrush Biology: Insights 
After Three Years of a Long-term Study." In 
Proceedings: Wildland Shrub and Arid Land 
Restoration Symposium," compiled by B. A. 
Roundy, E. D. McArthur, J. S. Haley, and D. K. 
Mann., 223-2 7. General Technical Report INT­
GTR-315 . Ogden, UT: U.S . Department of 
Agriculture, Forest Service, Intermountain 
Research Station. 

Pendleton, B. K. and R. L. Pendleton. 1998. 
"Pollination Biology of Coleogyne ramosis­
sima (Rosaceae)." Southwestern Naturalist 
42:376-80. 

Pendleton, R. L., B. K. Pendleton, and G. L How­
ard. 1999. "Effects of Microbiotic Soil Crust 
Organisms and Mycorrhizal Fungi on Seedling 
Growth of Blackbrush (Coleogyne ramosis­
sjma)." US Anny Corps of Engineers CERL 



154 Pendleton et al. 

Technical Report 99/108. Vicksburg, MS: 
Engineer Research and Development Center. 

Pendleton, R. L, B . K. Pendleton, S. E . Meyer, 
S. Carlson, and E. Morrison. 2012 . "Viability 
of Blackbrush Seed (Coleogyne ramosissima 
Torr. [Rosaceae]) Following Long-term Stor­
age." NativeP/antsJourna/13:5-13. 

Perez-Ramos, I. M., I. M. Ourcival, J. M. Limou­
sin, and S . Ram bal. 2010. " Mast Seeding w1der 
Increasing Fraught: Results from a Long-term 
Data Set and from a Rainfall Exclusion Exper­
iment." Ecology 91 :3057-68. 

Potter, D., T. Eriksson , R. C. Evans, S. Oh, J. E . E. 
Smedmark, D. R. Morgan , M. Kerr, K. R. Rob­
ertson , M. Arsenault, T. A. Dickinson, and C. S. 
Campbell. 2007 . "Phylogeny and Classification 
of Rosaceae." Plant Systematics and Evolution 
266:5--43 . 

Richardson, B. A., and S. E. Meyer. 2012. "Paleo­
climate Effects and Geographic Baniers Shape 

Regional Population Genetic Structure of Black­
brush (Coleogyne ramosissima: Rosaceae)." 
Botany 90:293-99. 

Rimer, R. L., and R. D. Evans. 2006. "Invasion 
of Downy Brome (Bromus tectorum L) Causes 
Rap id Changes in the Nitrogen Cycle." Ameri­
can Midland Naturalist 156:252-58 . 

Schuster, W. S. F., D. R. Sandquist, S. L. Phil­
lips, and J . R. Ehleringer. 1994. "High Levels 
of Genetic Variation in Populations of FolU' 
Dominant Aridland Plant Species in Arizona." 
Journal ofArid Environments 27:159-67. 

Schwinning, S ., J. Belnap, D. R. Bowling, and 
J. R. Ehleringer. 2008 . "Sensitivity of the Col­
orado Plateau to Change: Climate, Ecosystems, 
and Society." EcologyandSociety 13 :28--47. 

Scoles~Sciulla, S. J. , L. A. DeFalco, and T. C. 
Esque. 20\4. "Contrasting Long-term Survival 
of Two Outplanted Mojave Desert Perenni­
als fo r Post-fire Revegetation." Arid Land 
Research and Management . DOI:10.1080/153 
24982 .2014.901994. 

Seager, R., M. Ting, I. Held, Y. Kushnir, J. Lu, 
G. Vecchi , H-P. Huang, N . Hamik, A. Leetmaa, 
N-C Lau, C. Li, J. Velez, and N. Naik. 2007. 
"Model Projections of an imminent Transition 
to a More Arid Climate in Southwestern North 
America." Science 3 J 6 :1181-84. 

Shreve, F. 1942 . "The Desert Vegetation ofNorth 
America." Botanical Review 8:195-246 . 

Stebbins, G . L. 1972. "Evolution and Diversity of 
Arid-land Shrubs." In Wildland Shrubs-Their 
Biology and Utilization, edited by C. M. McKell, 
J. P. Blaisdell, and J. R. Goodin, 111-20. 
General Technical Report INT-1 . Ogden, UT: 
U.S . Department of AgricuitlU'e, Forest Service, 
Intermountain Forest and Range Experiment 
Station . 

Stebbins, G. L., and J. Major. 1965 . "Endemisms 
and Speciation in the California Flora." Eco­
logical Monographs 35 :1-35 . 

Thatcher, A. P. 1975. "The Amount of Black­
brush in the Natural Plant Community is 
Largely Controlled by Edaphic Conditjons. In 
Proceedings-Wildland Shrubs, Symposium 
and Workshop, edited by H. C. Stutz, 155-56. 
Ogden, UT: U.S. Department of Agriculture, 
Forest Service, Tntennountain Forest and Range 
Experiment Station. 

Thompson, D. B., L. R. Walker, F. H. Landau, and 
L. R. Stark. 2005 . "The Influence of Elevation, 

Shrub Species, and Biological Soil Crust on 
Fertile Islands in the Mojave Desert, USA." 
Journal of Arid Environments 61 :609-29 . 

Turner, R. M . 1994. "Great Basin Desertscrub." 
To Biotic Communities: Southwestern United 
States and Northwestern Mexico, edited by 
D. E. Brown, 145-55. Salt Lake City, UT: 
University of Utah Press. -

Van Devender, T. R. 1990. "Late Quaternary 
Vegetation and Climate of the Sonoran Desert, 
United States and Mexico." In Packrat Jvlid­
dens: The Last 40,000 Years qf Biotic Change, 
compiled by J. L. Betancourt, T. R. Van 
Devender, and P. S. Martin, 134-65 . Tucson, 
AZ: University of Arizona Press. 

Wallace, A., and E. M . Romney. 1972. "Radio­
ecology and Ecophysiology of Desert Plants 
at the Nevada Test Site." U.S. Atomic Energy 
Commission TID 25954. 

Webb, R. H., J. W. Steiger, and R. M. Turner. 
1987. "Dynamics of Mojave Desert Assem­
blages in the Panamint Mountains, California." 
Ecology. 68:478-90. 

Welsh, S. L., N.D. Atwood, S. Goodrich, and L. C. 
Higgins. 1993. A Utah Flora. 2nd ed. Provo, 
UT: Print Services, Brigham Young University. 

Winkel,V. K., W. K . Ostler, W. D. Gabbert, and 
G. L. Lyon. 1995. "The Effects of Seedbed 
Preparation, Irrigation, and Water Harvesting 



on Seedling Emergence at the Nevada Test 
Site." In Proceedings-Wild/and Shntb and 
Arid Land Restoration Symposium, compiled by 
B. A. Roundy, E. D. McArthur, J. S. Haley, and 
0. K. Mann, 135-41. General Technical Report 
INT-GTR-315. Ogden, UT: U.S . Department 
of Agriculture, Forest Service, Intermountain 
Research Station. 

Blackbrush (Cofeogyne ramosissima Torr.) 155 

Zitzer, S. F. 2009. "Recruitment of Native and 
Non-native Annual and Perennial Plant Species 
Following Wildfire in a Blackbrush ( Coleogyne 
ramosissima) Community in South Central 
Nevada." Abstracts ofthe 94th annual meeting 
of the Ecological Society of America PS-67-
113. Available http://eco.confex .com/eco/2009/ 
tech program/Pl9214.HTM (accessed July 22, 
2011 ). 


	pend2



