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All systems are equal: In defense

of undervalued ecosystems
By Louis Provencher, Laurel Saito, Kevin Badik, and Sarah Byer

On The Ground

� We introduce the concept of biodiversity potential to
assign equal biodiversity value among socially valued
and undervalued ecosystems.

� Widespread greasewood (Sarcobatus vermiculatus)
ecosystems were examined as a case study of
biodiversity potential of an undervalued ecosystem
at the sodic end of soil salinity.

� Groundwater pumping could drop the water table
below greasewood taproots, which could degrade
wildlife habitat through decreased canopy cover,
increased mineral soil, invasive flammable non-native
annual species, and exotic forbs.

� State-and-transition simulation models and field stud-
ies can be used to assess degraded greasewood
ecosystems.
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Introduction

In assigning value among natural ecosystems, several
viewpoints exist. The most common viewpoint is the concept
of biodiversity hotspots, which are the smallest areas world-
wide that contain the largest concentrations of species,
especially endemic and rare species.1 Recently, this idea has
been amended to consider the number of unique representa-
tives per higher order phylum. A phylum with only one extant
species is a larger contributor to biodiversity than a phylum
with more than one extant species, especially if the multiple
extant species are taxonomically similar species.2

One criticism of biodiversity hotspots is that smaller-
bodied or sessile species (e.g., insects, rodents, and plants) that
have small home ranges are favored. This could lead to
disincentivizing the protection of migratory species, such as

the species that migrate across the Serengeti and larger-bodied
species with larger home ranges. Furthermore, biodiversity
hotspots do not consider landscape connectivity.2,3 Biodiver-
sity coldspots were proposed by Kareiva and Marvier3 to
address the shortcomings of biodiversity hotspots by using
multiple priority schemes of adding areas and their species.
Different priority decision rules are compared based on the
marginal return in the number of species added to the portfolio
for every dollar or unit area. For example, adding 1,000 species
from a Montana rangeland that cost $50,000 USD is a better
coldspot choice than adding 1,000 species in Florida that cost
$5 million USD. For the same number of species, 1) a larger
area is protected in Montana that provides additional migra-
tory benefits, 2) a greater proportion of Montana’s native biota
is conserved, 3) less money is spent in Montana, and 4) the
Florida landscape likely includes fragmented habitat.
Although this example focuses on price, additional criteria
could have been added to strengthen a choice of geography.
Coldspots emphasize areas with limited ability to accumulate
large absolute number of species (e.g., temperate grasslands
and woodlands) but contribute measurably to biodiversity
conservation.

Here we present another aspect of biodiversity that we
argue is as important to conservation as biodiversity hotspots
or coldspots. “Biodiversity potential” of ecosystems addresses
whether the loss of ecosystems with apparent low economic
and “biodiversity” value is acceptable. We illustrate the
importance of considering biodiversity potential in assessing
the value of ecosystems with a case study in a greasewood
ecosystem and describe management implications of this
concept for greasewood ecosystems.

The concept of “Biodiversity Potential”

The concept of biodiversity hotspots is appealing because it
gives the impression that the greatest number of species can be
conserved with the smallest expenditures of private and public
funds.3 However, both hotspot and coldspot theories ignore
the fundamental concept of potential. Consider two sites that
are each 10,000 hectares (24,719 acres)—one is tropical with
the potential to support a maximum of 5,000 species, and the
other is boreal with a maximum potential of 10 species. A full
biodiversity inventory at both sites finds 3,000 species in the
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tropical site and 9 species in the boreal site. Whereas the
tropical site might be classified as a “biodiversity hotspot,” the
boreal site could be considered more biodiverse because it is
closer to its biological potential than the tropical site (90% and
60% of biodiversity potential for the boreal and tropical sites,
respectively).

The concept of potential has a well-established track record
for 1) soil potential as defined by the Natural Resources
Conservation Service (NRCS) for ecological site descriptions
in the National Forestry Manual (https://directives.sc.egov.
usda.gov/OpenNonWebContent.aspx?content=33943.wba)
and 2) equivalencies among mapped US ecoregions as defined
by Bailey,4 and modified by The Nature Conservancy5 and
US Environmental Protection Agency.6 Biodiversity poten-
tial exists because geology, hydrology, climate, and biotic
interactions filter successful species establishment, therefore
setting a maximum number of species that can inhabit or use
an ecosystem.

Case Study System: Greasewood ecosystems

Biodiversity hotspots were not meant to apply to ecological
systems such as greasewood ecosystems (Sarcobatus vermicu-
latus), but to large areas scattered worldwide with several
ecological systems. However, many natural resource managers
and conservationists have applied the concept for local
prioritization of conservation values in any ecological context
(e.g., Stein et al.5 for the United States). Therefore, grease-
wood ecosystems may be viewed to have lesser value than more
species-rich mountain big sagebrush (Artemisia tridentata ssp.
vaseyana) ecosystems. We suggest that the concept of

biodiversity potential is a key consideration of the inherent
value of greasewood ecosystems. For example, greasewood
and mountain big sagebrush ecosystems each hold a potential
that cannot be realized by another ecosystem.We illustrate the
importance of considering biodiversity potential by first
describing greasewood ecosystems and then applying the
concept to this ecosystem.

Biophysical ecology

Phreatophytes are plant species with roots that tap into
groundwater directly or through the capillary fringe.7,8

Greasewood ecosystems are the largest phreatophytic ecosys-
tem in Nevada, covering almost 900,000 hectares (2.2 million
acres) of the state.9 This ecosystem is dominated or co-
dominated by greasewood and mostly occurs on alluvial flats
or lake plains that are often adjacent to playas (Fig. 1).10,11

Sites typically have saline to sodic fine-textured to clayey soils.
Greasewood ecosystems are usually found on slope gradients
of �2%. Elevations range from 1,158 m to 1,768 m (3,800–
5,800 feet); average annual precipitation ranges from 13 cm to
20 cm (5–8 inches); mean air temperature ranges from 7�C to
10�C (45-50�F); and the average growing season ranges from
100 to 120 days.12

Greasewood is a long-rooted phreatophyte that draws
groundwater and soil moisture throughout the soil column
(Fig. 2).13,14 Excavated taproots have reached up to 5.5 m
(18.0 feet) deep in Utah.14 Greasewood can be clonal14 and
resprouts after fire,12,15 flash floods , mechanical thinning, or
herbicide spraying.16 The depth to the groundwater table
ranges from shallow (0.5 m [1.6 feet]) to deep (3 m [9.8
feet]), and the sites can flood intermittently but remain dry for

Figure 1. Greasewood (Sarcobatus vermiculatus) ecosystem in Pine Valley, Nevada with Roberts Mountains in background. Photo courtesy of Louis
Provencher/TNC, 2014.
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most growing seasons.10,13,17–19 Reliance on groundwater is
critical during summer and fall months when soil moisture
above the capillary fringe zone is low.10

The rise of the water table during the wetter portion of the
year maintains salts at the surface, which crust over, inhibiting
water infiltration and seedling emergence for all species except
extreme halophytes, such as greasewood.19 Greasewood
plants and seedlings can draw water from the soil column
on very saline soils by accumulating salt in their leaves to
regulate osmotic pressure.19 Salinity is higher at the soil
surface under shrub canopies than in inter-shrub spaces as
greasewood leaves drop periodically and concentrate salt.13

Greasewood ecosystems occur as a mosaic of different
vegetation structures and composition, with open to moder-
ately dense shrublands dominated or co-dominated by
greasewood.10,11 Shadscale (Atriplex confertifolia), Torrey’s
saltbush (Atriplex torreyi), Gardner’s saltbush (Atriplex
gardneri), andor basin big sagebrush (Artemisia tridentata
spp. tridentata) may be present or co-dominant.11 Grease-
wood flats nearly devoid of other plant species are not unusual
in Nevada and western Utah.12 Biocrusts are common in
Intermountain West high salinity ecosystems,20,21 including
greasewood ecosystems20 (e.g., see biocrust between shrubs in

Fig. 1), as unvegetated intershrub spaces favor biocrust
growth on saline soils.21 In areas of historic livestock use,
especially in proximity of water sources, rabbitbrushes
(Chrysothamnus and Ericameria spp.) may be more common.
An herbaceous layer, if present due to a shallow water table, is
usually dominated by salt-tolerant graminoids,10 such as alkali
sacaton (Sporobolus airoides), inland saltgrass (Distichlis spi-
cata), and Great Basin wildrye (Elymus cinereus). Dominant
grasses may vary with livestock grazing. Inland saltgrass is the
most grazing resistant of the three grass species, likely due to
its low stature and rhizomatous growth.

The primary natural disturbances in greasewood ecosystems
are continuous inundation22,23 and flash flooding. The most
consequential flooding happens when flash floods occur in flat
areas dominated by greasewood.Greasewood regeneration and
coarse woody debris scattered among mineral soils are
indications of flash flood. The less common, but also
significant, disturbance is caused by severe El Ni~no events
that inundate greasewood shrubs for �40 consecutive days
(Fig. 3). Although the duration of inundation periods varies
in the literature,22,23 experimental field inundations have
documentedmortality after 43 days in southeasternOregon.22

Wildfire is absent from naturally functioning ecosystems of
greasewood.12,15 Greasewood ecosystems are a very effective
fuel break, as they support little to no fine fuels, and
intercanopy distances are too long for fire to spread. West15

was among the first to report novel fire activity in mixed salt
desert and to a lesser extent in greasewood ecosystems that he
attributed to the extreme 1983 to 1984 floods favoring
invasion by non-native annual species at sites in Utah and
Nevada’s Great Basin ecoregion. The 1983 to 1984 very wet
period is hypothesized to have temporally reduced surface soil
salinity and for flooding to have transported large amounts of
cheatgrass seed from uplands,12 thereby changing fire
dynamics at these sites.

Cultural and wildlife values

The primary indigenous uses of greasewood were for fuel
and planting tools.24 Moerman25 reported that Paiutes made
infusions of burned plant taken for intestinal diseases and
Northern Paiutes heated wood or roots until burned or
blackened for aching and decayed teeth.

Nineteenth century and mid-20th century range scientists
described greasewood as poisonous to livestock,12 especially
domestic sheep,26–28 and therefore worthless and fit for
elimination.26,27 Only later in the 20th century did big game
biologists salvage the reputation of greasewood ecosystems as
important winter range (e.g., Hepworth29).

More than 100 invertebrate species are associated with
greasewood ecosystems.10,11,24 Many species are located on or
under greasewood shrubs. Spiders, beetles, and dipterans are
the most numerous groups and they form the prey base to
many birds, reptiles, and small mammal species.10 Research
on wildlife use of greasewood found that the greasewood, salt
desert scrub ecosystems, and the lowest elevations of big
sagebrush (e.g., Wyoming big sagebrush [Artemesia tridentata

Figure 2. Artistic rendition of greasewood (Sarcobatus vermiculatus) as a
phreatophyte that can use water in the groundwater or the capillary fringe
(the zone immediately above the water table where groundwater is lifted
against gravity by surface tension). The water table is the upper level of a
groundwater aquifer, which is a body of permeable rock or sediment that
stores and transmits water. Art courtesy of Sarah Byer/TNC, 2019.
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spp. wyomingensis] semidesert) share the same vertebrate
species, although in different proportions.10,11,25 Pronghorn
(Antilocapra americana) and mule deer (Odocoileus hemionus)
use these ecosystems during the winter, although sagebrush is
generally browsed more than greasewood.28–31 The Nevada
Wildlife Action Plan32 identified several wildlife species of
concern in cold desert scrub, including greasewood flats.
Species dependent on shrubs for nesting and thermal cover are
loggerhead shrike (Lanius ludovicianus; sensitive), sagebrush
sparrow (Artemisiospiza nevadensis), Brewer’s sparrow (Spi-
zella breweri), and sage thrasher (Oreoscoptes montanus).32 The
bald eagle (Haliaeetus leucocephalus) is a sensitive species that
commonly seeks prey in these ecosystems.24

The following two species are especially dependent on
greasewood ecosystems: black-tailed jackrabbit (Lepus califor-
nicus) and golden eagle (Aquila chrysaetos).33 The black-tailed
jackrabbit ismost abundant in greasewood ecosystems and their
nonrocky soils are perfect for tunnel burrowing (Fig. 4).10,11

Desert cottontail (Sylvilagus audubonii) is also abundant in
greasewood for the same reason. Both species eat greasewood,
as well as chenopod seeds and Indian ricegrass (Oryzopsis
hymenoides).31,33 The black-tailed jackrabbit makes up about
80% of golden eagle diets inNevada, so greasewood ecosystems
are an important habitat for the golden eagle.10,11,27

Management implications

Drop of the water table

Mark Twain’s misattributed quote “Whiskey is for drink-
ing; water is for fighting over!” foreshadowed the outcome of
groundwater withdrawals in the arid Intermountain West.34

Groundwater withdrawal proposals might be litigated, subject
to the National Environmental Policy Act35 decision-making
for public lands or reviewed by a state engineer for approval or
denial. These legal or regulatory processes sometimes lead to
mitigation plans that should be supported and enforced with
robust monitoring protocols, where the response triggers for
sensitive groundwater-dependent species or ecological systems
to groundwater use are tracked and activate corrective
management actions.36,37 The choice of species, systems, or
surrogate variables is critical.

Groundwater withdrawal may have adverse impacts by
increasing the depth to water tables, causing phreatophytes
and dependent species to periodically or entirely lose access to
groundwater.38 If groundwater pumping begins near the
greasewood ecosystem, the water table will gradually drop
below the “effective” maximum rooting depth of greasewood,
which is 2.5 to 3 m (8.2–9.8 feet),39–41 with deepest drops
near pumping that spread to shallower water table declines
with distance from pumping (i.e., a “cone of depression”).
Widespread phreatophytic ecosystems most often occupy
basin bottomlands where groundwater is also most reliably
found for withdrawal.

Under these conditions, phreatophytes can maintain vigor
and evapotranspiration if their taproots can reach the water
table, especially in the late summer when the water table is
typically at its deepest.39 If their roots are unable to reach the
water table, phreatophytic species will become stressed and
wilt. The species may eventually disappear from the area
because it can survive only a few months on soil moisture from
precipitation, not for years or decades. Shallower-rooted
phreatophytes, such as inland saltgrass and alkali sacaton, will
be the first to experience a water deficit and reach their wilting

Figure 3. Flooded and dead greasewood (Sarcobatus vermiculatus) ecosystem in Crescent Valley, Nevada during the 2019 hydrologic year. Photo courtesy of
Louis Provencher/TNC, 2019.

Rangelands162



point. The deep-rooted greasewood should persist longer than
the shallow-rooted species but will eventually lose that
connection to the water table in the late summer.39 In field
studies, greasewood ecosystems that differed in the depth to
the water table (1.5 m vs. 3 m [4.9 feet vs. 9.8 feet]) showed
smaller leaf area index, canopy cover, and understory herba-
ceous cover and greater plant spacing with the deeper water
table.39–41 We expect, therefore, that plant vigor differences
between healthy greasewood ecosystems of varying water table
depths will be observed over time as the water table drops.
Indeed, there is a consensus in the literature that greasewood
evapotranspiration and vigor (canopy cover, plant spacing,
number of leaves per plant) will persist if taproots have access
to groundwater but will lose vigor and greatly reduce
evapotranspiration by late summer if the water table drops
below the physiological limit of the species to reach the
groundwater and extract it to the foliage.22,40–42

Few species other than those already present can colonize
the saline to sodic surface soils of greasewood ecosystems.13

Salinity at different depths is not expected to change as the
water table drops except over centuries and millennia.41 In
Nevada, a common feature of the soil profile is a maximum
salt concentration that occurs around 150 cm (59 inches) of
depth that may date back to Pleistocene lakes and has
remained unchanged for thousands of years.41 Because salts
are chemically tightly bound to soil and have strong stability
over centuries, rain and snowmelt are not expected to leach
salts deeper into the soil column, except over centuries.41

The most likely outcome with a large drop of the water
table (>3 m [>9.8 feet]) is the reduction in greasewood cover
with scattered greasewood plants persisting on precipitation

(as only precipitation is available to recharge soil moisture), an
increase of percent cover of mineral soil between shrub
canopies that can be invaded by flammable non-native annual
species40,41 such as cheatgrass, an increase in halogeton
(Halogeton glomeratus), a decrease in competition for surface
soil moisture between declining greasewood and ascending
non-native species, and an increase of rabbitbrush in less
saline areas.19 We do not expect an increase of less salt-
tolerant species, such as basin big sagebrush, because of the
species’ salinity tolerance limits.43,44 Our most reasonable
projection for degraded greasewood ecosystems is an annual
grassland posing a much higher wildfire risk than a largely
intact greasewood ecosystem.

With thinning greasewood canopies, loss of native herba-
ceous cover, and increase of cheatgrass, we hypothesize that
reduction of invertebrate and vertebrate species that inhabit
individual shrubs and feed on grasses and saltbushes, and loss
or degradation of habitat and prey base for wider-ranging
species will occur.10,33 Prey species will be more exposed to
predators due to the lack of shrub cover, the thermal
environment will become less hospitable,10 and the food
base of both herbivores and predators will shrink.10 For
example, decreased jackrabbit and cottontail rabbit popula-
tions in reduced greasewood habitat surrounding golden eagle
nests because of declining water tables will lead to decreased
prey availability for adult golden eagle feeding nestlings.33

Individual eagles will need to spend disproportionally greater
energy to find prey further from the nest. This loss of habitat
might need to be mitigated by groundwater extraction
proponents for the golden eagle, a Federally listed species, if
groundwater withdrawal is authorized.

Figure 4. Black-tailed jackrabbit (Lepus californicus) den entrance underneath greasewood (Sarcobatus vermiculatus) at Washoe Lake State Park, Nevada. The
white arrow points to den entrance. Photo courtesy of Laurel Saito/TNC, 2019.
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Under this scenario of a dropping water table, the
biodiversity potential of a greasewood ecosystem will decrease
from 100% (i.e., reference condition) because biodiversity
potential drops as ecosystems are degraded. Any ecosystem
close to reference condition would be expected at near 100%
relative biodiversity potential, but a greasewood ecosystem
that is degraded by invasion of non-native annual grasses
would have a much lower biodiversity potential. A method for
quantifying biodiversity potential needs to be developed
beyond simple terms such as the number of species present
divided by the maximum number of species.

Modeling ecosystem transformation

Quantitative tools such as state-and-transition simulation
models (STSMs) can simulate the transformation of
greasewood ecosystems caused by a drop of the groundwater
table.45,46 STSMs,37,38 which are box-arrow computer
models that represent each ecological system with discrete
vegetation classes (boxes) and ecological transitions (arrows),
are particularly useful because they can track both faster and
slower disturbance transitions within and among ecological
systems,46 including those caused by a drop in the ground-
water table (Fig. 5).

An example of a within-system transition is from late-
successional greasewood to a class dominated by non-native
annual grasses like cheatgrass and scattered greasewood

shrubs (Fig. 5). This change is dynamically faster because
there is little to no change in the soil’s potential as the water
table drops.45 The shrub canopy thins over 2 to 5 years as
the groundwater table drops deeper than the reach of
taproots and cheatgrass invades or becomes more dense by
occupying vacant mineral soil. An example of an among-
system transition is from late-succession greasewood to a
saltbush community in a fine soil, which could favor
Gardner’s saltbush or Torrey’s saltbush (Fig. 5). Ecological
system conversion during groundwater withdrawal could be
a dynamically slow process because it assumes a fundamen-
tal change in the soil’s potential, which hypothetically might
require multiple and alternating very wet and very dry
periods over decades powered by atmospheric rivers of rain
to disrupt the salinity of the surficial soil and permit
saltbush establishment. A very wet or very dry year could be
defined by the Standard Precipitation Index for, respec-
tively, >2 and <2 standard deviations from the mean.47

While changing the salinity of the soil column would be
very slow with incremental and average precipitation events
over centuries,41 the likelihood that multiple and alternating
very wet and very dry periods would occur is also very low
(e.g., the sequence of alternating very wet and dry periods
could be a 100-year event), but more probable than the
dependence on a lot of incremental events.

Although vegetation classes (boxes in Fig. 5) can be
easily depicted with STSMs, the greater challenge is to

Figure 5. Hypothetical state-and-transition model showing a greasewood ecosystem with internal transitions (left side of model) due to canopy thinning,
non-native species invasion, and the progressive drop of the groundwater table, and slower external transitions (right side of model) to a saltbush ecosystem
after the permanent loss of groundwater table changed the soil potential. Definitions of succession and general concepts of STSMs are found in Provencher
et al.46 GDE indicates groundwater-dependent ecosystem; GW, groundwater; STSMs, state-and-transition simulation models.
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populate the disturbance transitions (arrows in Fig. 5).
Nonlinear mathematical relationships that express the drop
in the groundwater table into rates of ecological processes do
not exist; combined field and hydrologic modeling studies are
needed. Therefore, unknown or partially known relationships
between the drop of the groundwater table and various
ecological processes in groundwater dependent ecosystems
such as greasewood should be tested with sensitivity analyses
framed as exploratory and plausible scenarios (Fig. 6). From
field studies we have reported here, data are available to draw
parts of each relationship connecting the August depth of the
groundwater table to a limited number of ecological processes,
which also indirectly affect other processes. In addition,
published data about threshold depths to groundwater for
taproots 2.5 m to 3 m (8.2–9.8 feet) can help “curve”
mathematical relationships by defining inflection points
between parts of a nonlinear relationship for which data are
available (as in the hypothetical Fig. 6).

Conclusions

Greasewood ecosystems are harsh environments with
extreme plant adaptations to high soil salinity.10,19 Few
plant species other than those already occupying these soils
can establish themselves,19 even after the community is
degraded by human uses. Natural resource managers might
unconsciously rely on the biodiversity hotspot theory that
results in disregarding ecological systems with a potential to
only support few highly adapted species compared with
systems with more species. Despite the harsh conditions,
Paiutes used greasewood, and �100 species of big game,
eagles, medium-sized carnivores, small mammals, small birds,
reptiles, and invertebrates occupy greasewood ecosystems.

Biodiversity concepts such as biodiversity hotspots or
coldspots may select against widespread low biodiversity
systems. Greasewood ecosystems in Nevada have historically
been deemed “less valuable” than other ecosystems solely

based on species richness. However, some greasewood
ecosystems may be near or at their biodiversity potential and
therefore worth conservation protection. Greasewood ecosys-
tems hold a biodiversity potential that cannot be realized by
another ecosystem because soil potential acts as a filter to the
maximum number and type of species that can occupy an area.
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