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PLANT SPECIES COALITION GROUPS OF ZION NATIONAL PARK:
AN INDIVIDUALISTIC, FLORISTIC ALTERNATIVE TO
VEGETATION CLASSIFICATION

Jeffrey E. Ottl, Stewart C. Sanderson2 and E. Durant McArthur?

ABSTRACT.—Vegetation surveys at Zion National Park (Zion), Utah, have contributed to our understanding of plant
community patterns and their relationship to environmental factors. Previous authors used vegetation plot data to char-
acterize vegetation types at Zion following conventional procedures that emphasize spatial discreteness and dominant
species. We developed and applied an alternative approach for community characterization that emphasizes nondiscrete
presence-absence patterns and is compatible with the individualistic concept. We reanalyzed existing plot data from
Zion using coalition clustering, an algorithm that identifies groups of positively-associated species referred to as coali-
tion groups. Each species and plot in the data set was linked to each coalition group via an “affinity” value obtained
through weighted averaging. Affinity values were used to characterize environmental affinities of coalition groups
through regression tree modeling and predictive mapping. We also identified species that frequently co-occurred with
coalition groups (affiliate species) and those that frequently co-occurred with high cover (dominant-affiliates), viewing
these as alternatives to conventional prevalent and dominant species. Following this approach, we identified 10 coalition
groups at Zion that overlapped compositionally and spatially to differing degrees. Mesic environments on a gradient
from low-elevation riparian zones through mid-elevation narrow canyons to high-elevation plateaus were represented
by 3 overlapping groups. Two groups occupying slickrock and sand environments were detected on the Navajo Sand-
stone, as well as 2 on mesa tops above it. At lower elevations, 3 intergrading xeric coalition groups were distinguished.
When previously classified associations of the National Vegetation Classification were clustered based on shared affini-
ties to coalition groups, the arrangement differed from existing classification schemes but was environmentally inter-
pretable. Although these patterns are contingent on conditions at the time of data collection, they provide a baseline
that could be used for evaluating and predicting plant community change in the park. With proper attention to sampling
and analysis issues, our community characterization approach could be applied in other settings as an alternative or sup-
plement to conventional vegetation classification.

RESUMEN.—Monitoreos de la vegetaciéon en el Parque Nacional Zion (Zion), Utah, han contribuido a nuestro
entendimiento de los patrones de las comunidades de plantas y su relacién con factores ambientales. En estudios anteri-
ores, los autores utilizaron datos de terrenos con vegetacion para caracterizar tipos de vegetacion en Zion, siguiendo
procedimientos convencionales que enfatizan estados discretos espaciales y especies dominantes. Desarrollamos y apli-
camos un enfoque alternativo para la caracterizaciéon de la comunidad que enfatiza los patrones de presencia-ausencia
no-discreta y es compatible con el concepto individualista. Reanalizamos datos grificos de vegetacién de Zion utilizando
agrupamiento de coalicién, un algoritmo que identifica grupos de especies positivamente asociadas, llamados grupos de
coalicion. Cada especie y terreno en el conjunto de datos estaba unido a cada grupo de coalicién por medio de un valor
de “afinidad” obtenido a través de un promedio ponderado. Los valores de afinidad se emplearon para caracterizar
afinidades ambientales de grupos de coalicién a través de arboles de regresion y mapeo predictivo. También identifi-
camos especies que frecuentemente coexistian con grupos de coalicion (especies afiliadas) y aquellas que frecuente-
mente coexistian con cubiertas altas (afiliados dominantes), considerandolas como alternativas a las especies prevalentes
y dominantes. Siguiendo este enfoque, identificamos diez grupos de coalicién en Zion que se superponian en composi-
ci6n y espacialmente en diversos grados. Ambientes relativamente htimedos en un gradiente de baja elevacién, zona
riparia, a elevacion media, cafiones estrechos, hasta elevacion alta, meseta, estuvieron representadas por tres grupos
sobrelapados. Dos grupos que ocupaban medios arenosos y con dunas fueron detectados en Navajo Sandstone, asi como
dos en la cima de la meseta por encima de esa zona. En elevaciones mas bajas, se distinguieron tres grupos de coalicién
de interaccion drida. Cuando se agruparon las asociaciones previamente clasificadas de la Clasificacién Vegetal Nacional
basdndose en las afinidades compartidas con los grupos de coalicion, la disposicion se diferencié de los esquemas de
clasificacion existentes, pero eran interpretables segin el ambiente. A pesar de que estos patrones dependen de las
condiciones al momento de la recoleccion de datos, proporcionan un punto de referencia que se podria utilizar para
evaluar y predecir cambios en la comunidad vegetal en el parque. Con la atencién adecuada a las cuestiones del
muestreo y andlisis, nuestro enfoque de caracterizacion de la comunidad se podria aplicar en otros ambientes como una
alternativa o suplemento a la clasificacion de vegetacion convencional.
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Zion National Park (Zion), Utah, is best
known for its striking geological features but
also boasts a high diversity of plant taxa and
plant communities. Over 800 native vascular
plant species (Fertig and Alexander 2009, Fer-
tig et al. 2012) and 95 vegetation associations
(Cogan et al. 2004) are distributed across
pronounced edaphic and climatic gradients
within the park (Harper 1993, Biek et al. 2003,
Cogan et al. 2004, O’'Meara 2006, Fowler et
al. 2007, Fertig and Alexander 2009). The con-
centrated and contrasting environmental and
botanical diversity of Zion contribute to the
park’s scientific and conservation value. Given
the U.S. National Park Service mandate to
protect natural resources for the enjoyment of
present and future generations, information
on the distribution, composition and environ-
mental attributes of plant communities at
Zion is important for science-based resource
management (NPS 2006).

Numerous workers have contributed to
current knowledge of vascular plant communi-
ties at Zion. Plant collection efforts from 1894
to the present have documented the flora of
the park and provided insights concerning
species distributions and habitat relations (re-
viewed in Fertig and Alexander 2009, Fertig
et al. 2012). Woodbury’s (1933) monograph of
biotic communities was followed by more
detailed descriptions of specific plant com-
munities such as hanging gardens (Malanson
1980, Malanson and Kay 1980, Welsh 1989,
Fowler et al. 2007) and isolated mesa tops
(Madany and West 1983, 1984). Two park-wide,
plot-based vegetation surveys have been car-
ried out at Zion, one in 1987-1989 (Harper
1993, Harper et al. 2001) and the other in
1999-2003 (Cogan et al. 2004). Harper (1993)
and Harper et al. (2001) identified 10 major
vegetation types at Zion using an informal,
expert-knowledge approach, while Cogan et
al. (2004) characterized vegetation more for-
mally and in greater detail according to the
U.S. National Vegetation Classification (NVC)
(Grossman et al. 1998, FGDC 2008, Jennings
et al. 2009). These studies have jointly yielded
an enviable amount of information but they
have not exhausted all that can be known
about plant communities at Zion. In this paper
we demonstrate that even in the absence of
new data, alternative approaches for data analy-
sis and synthesis can provide valuable new
information and insights.
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Harper et al. (2001) and Cogan et al. (2004)
followed conventional vegetation classification
practices of delineating spatially discrete vege-
tation types differentiated primarily by domi-
nant species or vegetation structure. While
these practices are widely followed and useful
for many purposes (Mueller-Dombois and
Ellenberg 1974, Grossman et al. 1998), they
result in community characterizations that
emphasize certain ecological patterns at the
possible expense of others. Continuous grada-
tions of community composition due to indi-
vidualistic species responses (Gleason 1926,
1939) can be obscured by discrete community
models, and distributions of subordinate species
might not be well represented by those of
dominants. These issues are relevant at Zion
because species responses to the park’s com-
plex overlay of environmental gradients are
likely to be individualistic, and because the
number of structurally or numerically domi-
nant species is small relative to the number of
species in the flora as a whole (Cogan et al.
2004, Fertig and Alexander 2009).

In this paper we present an alternative
plant community characterization for Zion that
mirrors the earlier vegetation classification of
Harper (1993) but is neither spatially discrete
nor built around dominant species. Instead
of following Harper’s (1993) approach using
dominant species as classification criteria, then
characterizing the floristic composition of
communities thus classified, we essentially re-
versed the process by first identifying species
groups defined by presence-absence patterns,
then identifying dominant species and other-
wise characterizing the communities and envi-
ronments where these species groups occur.
This was accomplished by reanalyzing the
Harper (1993) data set using coalition cluster-
ing and other algorithms from the RCLUS
computer program (Sanderson et al. 2006) in
combination with regression tree modeling
(Breiman 1993) and predictive mapping (Fer-
rier and Guisan 2006). Because RCLUS is
relatively new and its algorithms are here ap-
plied in a novel way, one of our objectives is
to outline the conceptual and methodological
basis of our approach. We draw conceptual
parallels that align our approach with Curtis’s
(1959) modal and prevalent species concepts,
applied here in a spatially nondiscrete way.
We demonstrate the ecological insights gained
from our approach by comparing our results
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directly with those of Harper et al. (2001) and
Cogan et al. (2004). We also use our results to
build an alternative higher-level classification
of the NVC associations described by Cogan
et al. (2004) that reflects their position in rela-
tion to environmental gradients at Zion.

METHODS
Study Area

Zion National Park (Zion), Utah, USA, covers
approximately 590 km? at the western edge of
the Colorado Plateau physiographic/floristic
area, bordering the Great Basin to the north-
west and the Mojave Desert to the southwest
(Biek et al. 2003, McLaughlin 1986). Climate
at Zion is mostly semiarid and temperate but
varies greatly across an elevation gradient of
1128-2660 m (Cogan et al. 2004). Precipita-
tion is concentrated in winter/spring frontal
storms (bringing snow to higher elevations)
and late-summer monsoons (Woodbury 1933,
Mortensen 1977). At Zion Canyon (1234 m),
weather records from 1904 to 2012 show a
mean annual precipitation of 382 mm and mean
temperatures of 5 °C in January and 29 °C in
July (WRCC 2014).

Horizontally aligned exposures of sedimen-
tary rocks are prominent at Zion. The oldest
strata occur at low elevations on the south-
western side of the park and on slightly higher
elevations on the northwestern side where
the Taylor Creek thrust fault disrupts their
stratigraphic continuity (Biek et al. 2003,
O’Meara 2006). The lowermost geologic for-
mations (Kaibab, Moenkopi, Chinle, Moen-
have, and Kayenta) contain alternating bands
of mudstone, siltstone, sandstone, conglomer-
ate, limestone, and gypsum that erode into
badlands, slopes, and cliffs (Biek et al. 2003).
These strata are dwarfed by the larger cliffs
and ‘slickrock™ exposures of the overlying
Navajo Sandstone (the park’s primary scenic
attraction), which is further overlain by sand-
stone, limestone, shale, and gypsum deposits
of the Temple Cap, Carmel, and Cedar Moun-
tain formations (Biek et al. 2003, O’Meara
2006). The sedimentary sequence is in turn
partially covered by alluvial, lacustrine, land-
slide, talus, residual, eolian, and volcanic (basalt
flows and cinder cones) deposits (Biek et al.
2003, O'Meara 2006).

Soils at Zion are generally poorly developed
and have been classified as rock outcrops,
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entisols, aridisols, mollisols, and alfisols (Morten-
sen 1977). Some soils have distinctive physical
and chemical properties, as exemplified by the
bentonite shrink-swell clays of the Petrified
Forest member of the Chinle Formation (Biek
et al. 2003). Cryptobiotic crusts are present on
many soil surfaces and contribute to soil sta-
bility and fertility (cf. Belnap et al. 2000).

Although most of Zion currently has an
undeveloped wilderness character, vegetation
has been affected by historic floodplain agri-
culture, livestock grazing, and fire suppression,
resulting in increases in invasive annuals and
woody plants at the expense of native grasses
and forbs (Woodbury 1933, Madany and West
1983, Cogan et al. 2004). Although livestock
numbers have dropped since the early twenti-
eth century, mule deer (Odocoileus hemionus)
have increased in areas of high human visita-
tion, resulting in declines in cottonwood (Popu-
lus fremontii) and other riparian species
(Ripple and Beschta 2006). The troublesome
invasive species cheatgrass (Bromus tectorum),
red brome (Bromus rubens), ripgut brome (Bro-
mus diandrus), and tamarisk (Tamarix spp.) were
already well-established in Zion at the time
of the Harper (1993) and Cogan et al. (2004)
vegetation surveys.

Vegetation Data

Our primary data source is the vegetation
survey carried out in 1987-1989 by Dr. K.T.
Harper and associates (Harper 1993, Harper
et al. 1992, 2001, 2003), which we refer to
as the Harper Survey. This was the first
park-wide, plot-based vegetation survey con-
ducted for Zion. The Harper survey followed a
systematic sampling strategy in which U.S.
Geological Survey (USGS) cadastral section
corners and corresponding park boundary
markers served as sampling targets (Fig. 1A).
In addition to 270 plots located at or near
these markers, 18 plots were placed using
subjective criteria so as to capture spatially
restricted plant communities (riparian areas,
hanging gardens, and old fields). Data col-
lected within 100-m2 circular plots (or rectan-
gular, in 6 cases) included vascular plant species
composition following Welsh et al. (1987), ocu-
lar estimates of species cover classes according
to the Braun-Blanquet scale (Braun-Blanquet
1932), and percent cover of bare soil, rock,
litter, and cryptogams (Harper 1993, Harper
et al. 2001).
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A. Harper Survey (Harper 1993)
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B.USGS Survey (Cogan et al. 2004)

RO Kilometers
012 4 6 8

Fig. 1. Plot locations in Zion National Park, Utah, as sampled by 2 vegetation surveys referenced in this paper.

Harper (1993) used the Harper survey data
to classify the vegetation of Zion into ten vege-
tation types that were concisely summarized
in Harper et al. (2001). Plots were assigned
to vegetation types “commonly used by land
managers in the area” based on dominant
species and environmental context (Harper
et al. 2001). Prevalent and modal species
were characterized for each vegetation type
following Curtis (1959). Prevalent species are
defined as the most frequently encountered
species (based on plot occurrences) within a
community or vegetation type, where the num-
ber of prevalent species is equal to the species
density (average number of species per plot)
for the community (Curtis 1959, Harper et
al. 2001). Modal species are defined as preva-
lent species that reach their greatest fre-
quency in a given community relative to other
communities under study. In Harper et al.
(2001), modal species were identified for each
vegetation type relative to the others de-
scribed at Zion.

The Hanging Gardens vegetation type
described by Harper (1993) and Harper et
al. (2001) incorporated data from published
studies of Malanson and Kay (1980) and Welsh
(1989); however, these data were excluded
from the current analysis, which uses only plot
data from the actual Harper survey.

We also draw from plot data originating
with the USGS-NPS Vegetation Characteri-
zation Program at Zion (Cogan et al. 2004),

hereafter USGS Survey, which featured 346
circular, square, or rectangular plots (Fig. 1B)
ranging from 100 mZ to 400 m2 where plant
species were identified following Kartesz
(1999). A gradsect strategy (Gillison and
Brewer 1985) was used to divide Zion into
biophysical units (BPUs) that were mapped
and targeted for field sampling. Accessible
polygons of each BPU were targeted by field
survey teams who placed plots on sites
deemed representative of major vegetation
types and relatively homogeneous in terms
of vegetation structure and composition
(Cogan et al. 2004). Plot data were collected
in 1999-2000.

Cogan et al. (2004) used the USGS survey
data to classify and map the vegetation of Zion
following the U.S. National Vegetation Classi-
fication System (NVC) (FGDC 2008, Jennings
et al. 2009). Each plot was assigned to an asso-
ciation nested within higher levels of the NVC
as defined at the time of publication (Gross-
man et al. 1998, Cogan et al. 2004). Multivari-
ate analysis of species cover class data by
strata guided the classification process (Cogan
etal. 2004).

We merged the Harper data set, the list
of prevalent and modal species by vegeta-
tion type from Harper et al. (2001), the USGS
data sets containing species composition and
NVC classification by plot, and our RCLUS
results (described below) into a single data-
base. Taxonomic names from these sources
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were standardized to Welsh et al. (2003)
nomenclature so that they could be matched
from one data set to another.

Coalition Clustering

We used coalition clustering, a nonhierar-
chical agglomerative clustering algorithm in-
cluded in the program RCLUS (Sanderson et al.
2006), to identify groups of species with simi-
lar patterns of presence-absence in the Harper
data set. RCLUS was developed as a tool for
R-mode (species-based) clustering of commu-
nity data sets. The name codalition clustering
underscores the individualistic variability of
species within the clusters (coalitions) that the
algorithm builds. Coalition clustering gener-
ates clusters of positively associated species
here referred to as coalition groups. The term
core species, used by Sanderson et al. (2006) to
refer to species belonging to a group, is here
replaced by the term coalition species.

Different coalition clustering solutions can
be obtained by varying 3 user-defined parame-
ters of the algorithm: association coefficient,
threshold association value, and minimum num-
ber of occurrences for inclusion in groups.
Clustering solutions may also vary from one
run of the algorithm to another because of the
random nature of the agglomerative process
(Sanderson et al. 2006). The clustering solu-
tion presented here was selected from among
a small number of variants obtained using the
phi coefficient at a threshold value of 0.15,
allowing species occurring in 3 or more plots
to be included in groups.

Association coefficients measure the degree
to which 2 species show the same pattern of
presence and absence in a data set, calculated
from the cells of a two-way presence-absence
contingency table:

Species 1
Present  Absent
) Present a b
Species 2 Absent c d

The phi coefficient incorporates all 4 cells of
the table according to the formula

ad - bc _
V(g +b)a+e)b+d)c+d)

phi coefficient =

Phi ranges from -1 (negative association) to +1
(positive association) and is independent of the
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total number of occurrences in the table (Jack-
son et al. 1989, Tichy and Chytry 2006).

Coalition clustering agglomerates species
whose mean pairwise association is higher
than the user-defined threshold. The algorithm
initiates the first group with a randomly se-
lected species and then randomly cycles through
the remaining species, adding them to existing
groups or initiating new groups as appropriate.
Species can belong to multiple groups with
the exception that species already present in
an existing group cannot initiate a new group.
The algorithm undergoes several cycles of ad-
ding species, removing species and merging
clusters allowing the composition of species
groups to stabilize. The threshold association
value affects group number and size; high
thresholds tend to produce many small groups
in contrast to few large groups at low thresh-
olds (Sanderson et al. 2006).

Once the Coalition Clustering algorithm is
complete, RCLUS saves the mean associa-
tion—here referred to as affinity—of each
species to each group (Sanderson et al. 2006).
Affinity values provide a quantitative mea-
sure of the relationship between individual
species and coalition groups (calculated for all
species, not just those belonging to groups).
RCLUS also averages affinity values for each
group across all species in each plot, yielding
values that can be correlated with environ-
mental variables at plot locations (Sanderson
et al. 2006). Our use of the term affinity thus
has a specific quantitative meaning that en-
compasses 3 contexts: species affinities to
species groups (mean pairwise association
with members of the group), spatial affinities
of species groups (plot-averaged species affini-
ties), and environmental affinities of species
groups (environmental correlates of spatial
affinities).

Affiliation and Dominance Calculations

In addition to generating coalition groups,
RCLUS contains a function that calculates
percent co-occurrence of each species to each
coalition group. Percent co-occurrence is
calculated by summing joint presences across
all pairings of a focal species with the species
comprising a coalition group and then stan-
dardizing by the maximum possible number
of joint presences. Using the notation of
presence-absence frequencies, this can be
represented as follows:
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Focal species

Present  Absent
Coalition species  Present a b
spN
Ya
- spl
Percent co-occurrence (affiliation) = Vm
spN
Y (a+b)

Thus percent co-occurrence of the focal species
to the coalition group is the sum of joint pres-
ences between the focal species and each of
the coalition species in the group (spl to spN),
standardized by the total number of occur-
rences of all the coalition species. We have
adopted the term affiliation to use inter-
changeably with percent co-occurrence.

Using percent co-occurrence values from
RCLUS, we identified a set of species with
high affiliation (affiliate species) for each
coalition group. Given that Curtis (1959) used
species density, the mean number of species
per plot in a community, to determine how
many species to include in prevalent species
lists, we followed an analogous procedure for
determining the number of affiliate species for
each coalition group. The species density of a
coalition group was calculated as the mean
number of species occurring in plots where
coalition species occurred, weighting plots by
how many coalition species they contained.

Extending the affiliate species concept fur-
ther to include abundance as well as occur-
rence, we calculated the abundance of each
affiliate species as its mean cover across plots
containing coalition species, weighted once
again by the number of coalition species per
plot. Arithmetic midpoints of cover classes
were used in these calculations. In this way
we were able to identify the dominant species
occurring alongside members of each coalition
group. Affiliate species with mean cover >2%
were considered dominant-affiliate for our

purposes.
Environmental Modeling and Mapping

Plot-averaged affinity values of coalition
species groups, obtained as described above
for each plot of the Harper survey, were inte-
grated with environmental variables for cor-
relative modeling. We selected 5 variables—
elevation, slope, topographic exposure, topo-
graphic position, and geologic substrate—that

PLANT COALITION GROUPS OF ZION NP 31

are proxies for the major physical and chemi-
cal gradients affecting plant distributions at
Zion. GIS layers for these variables were
available or easily created and integrated in
ArcGIS (ESRI 2003, 2004) (Appendixes 1, 2).
Our use of GIS-based variables permitted
predictive mapping of species group affinities
beyond plot locations (Ferrier and Guisan 2006).
Plot coordinates from the Harper Survey,
originally marked on paper maps, were digi-
tized manually with the help of a high-resolu-
tion aerial orthophoto of Zion National Park
(Cogan et al. 2004), digital USGS topographic
maps, and cadastral survey marker coordinates
acquired through the USDI Bureau of Land
Management (BLM 2006). Hawth’s Tools (Beyer
2004) was used to extract environmental data
values for each plot based on its coordinates.
Elevation and other topographic variables
were obtained from a 10-m digital elevation
model (DEM) acquired from the U.S. National
Park Service (NPS, personal communication).
Slope and exposure were calculated using the
slope and hillshade functions, respectively, in
ArcGIS Spatial Analyst (ESRI 2004) (Appen-
dix 1). Hillshade was implemented at 215°
azimuth and 45° altitude such that exposure
values were highest on steep southwest-facing
slopes where solar heat loading is expected to
be highest (cf. McCune and Keon 2002). Topo-
graphic position was defined using the
Topographic Position Index (TPI), calculated
as the difference in elevation between a pixel
and the mean of surrounding pixels within a
defined radius (Weiss 2001). We created 2 TPI
layers at radii of 50 m (Appendix 1) and 100 m.
A 1:24,000-scale digital geologic map built
from multiple maps of the Utah Geologic Sur-
vey (O’Meara 2006) was converted to raster
format at the same resolution as the DEM and
simplified from about 100 map units to 16
geologic substrate classes (Table 1, Appendix 2).
We merged units with similar lithology, spatial
continuity, and/or topographic characteristics,
guided by exploratory analyses of relationships
between putative substrate groupings and coali-
tion group affinities. Our groupings include
each of the major geologic formations of the
park (Moenkopi [+Kaibab], Chinle, Moenhave,
Kayenta, Navajo, Temple Cap, and Carmel
[+Cedar Mountain]) and Quaternary deposits
grouped according to their dominant deposi-
tional material (alluvium, colluvium, eolian,
lacustrine, mass movement, residuum, and
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TaBLE 1. Geologic substrate classes used for environmental modeling of plant coalition group affinities at Zion
National Park, Utah. For each substrate class, corresponding map units from a digital geologic map of the Utah Geologi-

cal Survey (O’'Meara 2006) are shown in the rightmost column.

Code Substrate class Description? Map unitsb

All Alluvium river/stream deposits Qa*, Qf

Bas Basalt volcanics (flows, cinders, ash) Qb*, Qms(b)

Car Carmel (+Cedar Mountain) limestone, shale, sandstone, Jc*, Keme
Formation siltstone, gypsum

Chi Chinle Formation mudstone, claystone, siltstone, TRc*

sandstone, conglomerate

Col Colluvium unconsolidated fine gravity deposits Qc*

Eol Eolian unconsolidated wind deposits Qe*

Kay Kayenta Formation siltstone, sandstone, mudstone Jk*

Lac Lacustrine lake deposits QI*

Mca Mass movement/colluvium/ massive gravity deposits mixed with fine Qmep*
alluvial pediment-mantle gravity and river/stream deposits

Mnk Moenkopi (+Kaibab) siltstone, mudstone, limestone, sandstone, TRm*, Pk*
Formation conglomerate, gypsum, dolomite

Mnv Moenave Formation mudstone, sandstone, siltstone Jm*

Nav Navajo Sandstone sandstone Jn*

Res Residuum deposits from in situ weathering Qr*

Sli Slide/slump/flow massive gravity deposits Qmfy, Qms*

(slides, slumps, and flows)
Tal Talus coarse gravity deposits Qmt*, QTng
Tem Temple Cap Formation sandstone, siltstone, mudstone JuE

aSubstrate description summarized from Biek et al. (2003) and O"Meara (2006)
bMap units as coded in O'Meara (2006)
*Wildcard indicating multiple map units containing the listed prefix

volcanics). Mass movement deposits were fur-
ther split into 3 classes that occupy different
topographic settings in the park: (1) talus, (2)
slides/slumps/flows and (3) mass movement/
colluvium/alluvial pediment mantle deposits
(Table 1, Appendix 2).

Environmental affinities of coalition groups
(relationships between plot-averaged species
group affinities and environmental variables)
were modeled using regression tree analysis
(Breiman 1993, Crawley 2007) in SPLUS
(Insightful Corp. 2005) via the tree function
with consistent splitting rules (mincut = 5,
minsize = 10, mindev = 0.1) . Multiple runs of
random 10-fold cross-validation were applied
to each model to determine the best number
of terminal nodes minimizing total deviance
(Crawley 2007), and models were pruned
accordingly.

Relating Groups to Previously-described
Vegetation Types

We quantified the degree to which vegeta-
tion types described by Harper et al. (2001)
and Cogan et al. (2004) were compositionally
similar to our coalition groups. This was ac-
complished by averaging, for each coalition
group, species affinity values of matching
species attributed to each vegetation type.

For the Harper et al. (2001) data set, we calcu-
lated mean affinity values across modal species
of vegetation types. For the USGS (Cogan et
al. 2004) data set we averaged affinity values
across all matching species recorded in plots,
then further averaged across plots within NVC
associations. NVC associations sharing similar
averaged affinities across all (10) coalition
groups were then identified through cluster
analysis, using Pearson’s correlation coefficient
and average linkage hierarchical clustering in
R (Crawley 2007, R Development Core Team
2010).

RESULTS

Coalition Groups and Their
Environmental Affinities

Eleven coalition groups were identified
through coalition clustering at a threshold
value of phi = 0.15. One group containing 6
species (Artemisia dracunculus, Elymus spica-
tus, Sisymbrium altissimum, Galium aparine,
Physalis hederifolia, and Tragopogon dubius)
was excluded from further analysis because of
its limited distribution in disturbed low-eleva-
tion environments. The remaining 10 groups
contained 9-36 species each and collectively
captured 169 of the 511 species recorded by
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the Harper vegetation survey (Table 2, Appen-
dix 3). These coalition groups can be readily
described in terms of their environmental af-
finities at Zion, and we have given each group
a name that describes the environmental set-
ting for which it demonstrates greatest affinity
(Table 2, Figs. 2-5). Coalition clustering’s al-
lowance for overlapping group membership
resulted in 34 cases of species belonging to 2
groups and one case of a species (Amelanchier
utahensis) belonging to 3 groups. Environ-
mental affinities of coalition groups also over-
lap to varying degrees, as depicted in predic-
tive maps accompanying regression tree mod-
els (Figs. 2-5). In the group descriptions that
follow, we highlight these cases of composi-
tional and environmental overlap and inter-
pret their ecological significance.

Three coalition groups were linked to mesic
conditions at Zion: Streambank, High Plateau,
and Crevice Canyon. The Streambank group
(Table 2A) contained several species, including
Baccharis emoryi, Salix exigua, Tamarix chi-
nensis, and Populus fremontii, with affinities
for low-elevation riparian zones at Zion. Re-
gression tree analysis confirmed the riparian
setting: affinities were highest on alluvium or
lacustrine substrates below 1356 m with low
topographic positions (TPI at 50-m radius <
—0.51) (Fig. 2A). The Streambank group also
had moderately high affinities for low topo-
graphic positions on other substrates (likely
intermittent streams) and at high elevations
(>2321 m), presumably because mesic condi-
tions at Zion's highest elevations are favorable
for some riparian species. The High Plateau
group, which had highest affinity at elevations
above 2243 m (Fig. 2B), shared 3 coalition
species (Bromus carinatus, Elymus trachy-
caulus, and Poa pratensis) with Streambank
(Table 2A-B). Coalition species unique to the
High Plateau group include Stellaria jame-
siana, Lupinus sericeus, Prunus virginiana,
Stipa lettermanii, Rosa woodsii, and Juniperus
scopulorum. (Table 2B).

The Crevice Canyon group (Table 2C, Fig.
2C) occupied an environmental setting inter-
mediate between Streambank and High Pla-
teau: mid-elevation Navajo Sandstone canyons
where topographic shading and intermittent
water flow produce cool mesic conditions.
Sites with these conditions have extremely
low TPI values (i.e., TPI at 50-m radius <
—-35; Fig. 2C). Outside of these canyons, the
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Crevice Canyon group had higher affinity
for higher elevations (Fig. 2C), exhibiting an
affinity pattern very similar to that of the
High Plateau group (Fig. 2B). The canopy
dominant species Abies concolor and the herbs
Thalictrum fendleri and Taraxacum officinale
were coalition species of both Crevice Canyon
and High Plateau (Table 2B—C). In addition,
the Crevice Canyon group shared 4 species
(Acer negundo, Elymus canadensis, Equisetum
hymenale, and Agrostis exarata) with the
Streambank group (Table 2A) and 5 (Heuchera
rubescens, Zauschneria latifolia, Holodiscus
dumosus, Selaginella underwoodii, Brickellia
grandiflora, and Erigeron sionis) with the
Slickrock group (Table 2D).

As their names suggest, the Slickrock and
Upland Sands groups were differentiated by
substrate preferences despite their common
affinity for Navajo Sandstone (Fig. 3). While
having 4 coalition species in common (the
tree dominant Pinus ponderosa plus Arenaria
fendleri, Chrysopsis villosa, and Linanthas-
trum nuttallii) (Table 2D-E), the Slickrock
group was characterized by species typical of
exposed sandstone outcrops (e.g., Petrophytum
caespitosum, Cercocarpus intricatus, Castilleja
scabrida, Muhlenbergia thurberi, and Ivesia
sabulosa) (Table 2D), whereas Upland Sands
species included the shrub dominant Arc-
tostaphylos patula plus several sand-loving
species (e.g., Cryptantha cinerea, Abronia fra-
grans, Artemisia campestris, Penstemon laevis,
and Tradescantia occidentalis) (Table 2E). The
high affinity of Upland Sands for Navajo Sand-
stone can be attributed to the group’s pres-
ence on pockets of sand smaller than the
mapping scale of the geologic layer (O’Meara
2006). Plot data support this observation: in
plots mapped to Navajo Sandstone, Slickrock
affinity was positively correlated with percent
rock cover (Spearman’s rho = 0.50), while
Upland Sands affinity was negatively corre-
lated (Spearman’s rho = —0.15). The Upland
Sands group also had relatively high affinity
for eolian sand deposits large enough to have
been mapped by O'Meara (2006), as well as
the sandstone-dominated Temple Cap for-
mation. Both Upland Sands and Slickrock
had higher affinities for higher elevations
(>1753-1782 m) within the Navajo Sandstone
zone (Fig. 3). Beyond the Navajo Sand-
stone, the Slickrock group had its highest
affinity value in sites with low TPI (TPI at
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TaBLE 2. Coalition and affiliate species of Zion National Park based on coalition clustering of 1987-1989 vegetation
survey data. Occ. = number of plot occurrences out of 288 total. Affin. = affinity of a coalition species to its coalition
group, calculated as the mean value of the phi coefficient of association between the species and others in the group.
Affil. = affiliation of an affiliate species with coalition species, calculated as percent co-occurrence. Cvr. = mean cover
of affiliate species weighted by co-occurrences with coalition species. Species in boldface are both coalition species and
affiliate species for a given group. Underlined species are dominant affiliates (weighted mean cover = 2%).

Coalition species Ocec. Affin. Affiliate species Occ. Affil. Cvr.

A. STREAMBANK

Baccharis salicina 3 0.46 Acer negundo 18 0.53 2.3
Salix exigua 3 0.46 Bromus tectorum 130 0.51 5.1
Tamarix chinensis 5 0.43 Bromus diandrus 10 0.47 8.3
Populus fremontii 6 0.39 Equisetum hyemale 8 0.44 0.8
Equisetum hyemale 8 0.37 Poa pratensis 14 0.42 4.3
Verbascum thapsus 5 0.37 Artemisia ludoviciana 51 0.42 0.4
Sonchus sp. 3 0.37 Phacelia heterophylla 42 0.41 0.3
Agrostis exarata 3 0.35 Poa fendleriana 190 0.41 1.8
Bromus diandrus 10 0.34 Populus fremontii 6 0.40 4.6
Juncus arcticus 3 0.31 Elymus trachycaulus 10 0.40 0.8
Elymus canadensis 4 0.27 Chrysopsis villosa 74 0.39 1.6
Acer negundo 18 0.25 Tamarix chinensis 5 0.37 0.4
Bromus carinatus 9 0.25 Bromus carinatus 9 0.36 0.6
Poa compressa 3 0.24 Verbascum thapsus 5 0.35 0.2
Elymus trachycaulus 10 0.24 Quercus gambelii 135 0.34 5.7
Poa pratensis 14 0.20 Baccharis salicina 3 0.30 2.3
Datura wrightii 3 0.20 Salix exigua 3 0.30 5.0
Fraxinus velutina 6 0.19 Elymus canadensis 4 0.29 0.1
Gutierrezia sp. 94 0.28 0.3
Sonchus sp. 3 0.25 0.1
Agrostis exarata 3 0.24 0.1
Fraxinus velutina 6 0.23 4.2
Artemisia sp. 2 0.23 0.4
Melilotus sp. 2 0.23 0.1
Oenothera longissima 2 0.23 0.1
B. HiGH PLATEAU
Stellaria jamesiana 18 0.33 Quercus gambelii 135 0.81 22.8
Senecio eremophilus 3 0.31 Symphoricarpos oreophilus 58 0.65 11.0
Lupinus sericeus 9 0.29 Vicia americana 43 0.61 5.1
Prunus virginiana 10 0.29 Poa fendleriana 190 0.61 2.3
Mertensia arizonica 7 0.29 Polygonum douglasii 39 0.45 0.3
Bromus carinatus 9 0.27 Amelanchier utahensis 141 0.44 3.1
Amelanchier alnifolia 11 0.27 Carex rossii 67 0.43 0.4
Stipa nelsonii 5 0.26 Stellaria jamesiana 18 0.42 2.4
Stipa lettermanii 12 0.25 Arabis perennans 124 0.35 0.2
Vicia americana 43 0.25 Senecio multilobatus 99 0.32 0.2
Poa pratensis 14 0.25 Juniperus scopulorum 21 0.31 0.9
Rosa woodsii 12 0.24 Abies concolor 19 0.31 3.4
Achillea millefolium 6 0.20 Phacelia heterophylla 42 0.29 0.2
Taraxacum officinale 11 0.20 Poa pratensis 14 0.29 4.4
Symphoricarpos oreophilus 58 0.20 Eriogonum racemosum 59 0.28 0.1
Thalictrum fendleri 12 0.20 Solidago velutina 38 0.27 12
Chenopodium fremontii 3 0.20 Prunus virginiana 10 0.27 0.7
Abies concolor 19 0.19 Amelanchier alnifolia 11 0.27 0.7
Elymus trachycaulus 10 0.18 Stipa lettermanii 12 0.27 0.3
Juniperus scopulorum 21 0.18 Acer grandidentatum 29 0.26 2.7
Polygonum douglasii 39 0.17 Rosa woodsii 12 0.26 0.7
Osmorhiza occidentalis 4 0.16 Opuntia macrorhiza 120 0.26 0.4
Bromus anomalus 5 0.16 Pachystima myrsinites 54 0.26 1.6
Erigeron speciosus 6 0.15
C. CREVICE CANYON
Eupatorium herbaceum 12 0.36 Quercus gambelii 135 0.69 7.1
Viola canadensis 5 0.33 Poa fendleriana 190 0.67 4.5
Cystopteris fragilis 6 0.32 Acer grandidentatum 29 0.60 6.2
Acer negundo 18 0.32 Acer negundo 18 0.52 5.5
Polypodium hesperium 6 0.27 Eupatorium herbaceum 12 0.48 0.2
Galium triflorum 4 0.26 Pachystima myrsinites 54 0.46 3.3
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TaBLE 2. Continued.

Coalition species Occ. Affin. Affiliate species Occ Affil. Cvr.
Acer grandidentatum 29 0.26 Pseudotsuga menziesii 18 0.45 4.1
Rubus leucodermis 4 0.26 Holodiscus dumosus 21 0.44 0.9
Bromus ciliatus 12 0.26 Solidago velutina 38 0.44 0.3
Pseudotsuga menziesii 18 0.26 Abies concolor 19 0.44 55
Heuchera rubescens 12 0.25 Draba asprella 33 0.39 0.2
Smilacina racemosa 6 0.25 Artemisia ludoviciana 51 0.39 0.4
Mimulus guttatus 3 0.25 Heuchera rubescens 12 0.38 0.2
Taraxacum officinale 11 0.24 Arabis perennans 124 0.38 0.2
Philadelphus microphyllus 10 0.24 Bromus ciliatus 12 0.38 0.2
Disporum trachycarpum 4 0.23 Stephanomeria tenuifolia 51 0.37 0.2
Thalictrum fendleri 12 0.23 Zauschneria latifolia 15 0.37 0.2
Elymus canadensis 4 0.23 Selaginella underwoodii 17 0.36 0.7
Abies concolor 19 0.22 Eriogonum racemosum 59 0.36 0.2
Epilobium glandulosum 3 0.22 Chrysopsis villosa 74 0.35 0.7
Goodyera oblongifolia 5 0.21 Penstemon rostriflorus 30 0.33 0.2
Muhlenbergia racemosa 3 0.21 Senecio multilobatus 99 0.33 0.2
Aralia racemosa 3 0.20 Philadelphus microphyllus 10 0.33 0.7
Sphaeromeria ruthiae 3 0.20 Thalictrum fendleri 12 0.33 0.4
Zauschneria latifolia 15 0.20 Mahonia repens 29 0.33 0.5
Holodiscus dumosus 21 0.19 Taraxacum officinale 11 0.29 0.1
Chimaphila menziesii 5 0.19 Phacelia heterophylla 42 0.29 0.3
Epilobium ciliatum 3 0.19
Epilobium brachycarpum 3 0.18
Selaginella underwoodii 17 0.17
Brickellia grandiflora 10 0.17
Erigeron sionis 4 0.17
Aster welshii 6 0.16
Pteridium aquilinum 3 0.16
Equisetum hyemale 8 0.16
Agrostis exarata 3 0.16

D. SLICKROCK
Petrophytum caespitosum 12 0.31 Poa fendleriana 190 0.86 4.1
Holodiscus dumosus 21 0.31 Chrysopsis villosa 74 0.61 1.1
Cercocarpus intricatus 40 0.30 Quercus gambelii 135 0.56 5.6
Castilleja scabrida 40 0.29 Senecio multilobatus 99 0.56 0.3
Mubhlenbergia thurberi 12 0.28 Pinus ponderosa 60 0.53 53
Selaginella underwoodii 17 0.27 Opuntia macrorhiza 120 0.53 0.5
Tvesia sabulosa 7 0.27 Cercocarpus intricatus 40 0.51 15
Zauschneria latifolia 15 0.25 Stephanomeria tenuifolia 51 0.50 0.4
Arenaria fendleri 23 0.24 Castilleja scabrida 40 0.49 0.2
Erigeron canaani 16 0.23 Amelanchier utahensis 141 0.49 1.7
Eriogonum jamesii 10 0.23 Arabis perennans 124 0.48 0.2
Erigeron sionis 4 0.22 Arctostaphylos patula 94 0.47 5.5
Leptodactylon pungens 8 0.22 Arenaria macradenia 46 0.41 0.5
Stephanomeria tenuifolia 51 0.21 Carex rossii 67 0.40 0.3
Draba asprella 33 0.21 Solidago velutina 38 0.37 0.3
Trifolium longipes 10 0.20 Draba asprella 33 0.36 0.2
Penstemon humilis 27 0.20 Holodiscus dumosus 21 0.34 0.6
Pinus ponderosa 60 0.20 Eriogonum racemosum 59 0.32 0.2
Brickellia grandiflora 10 0.20 Penstemon humilis 27 0.32 0.2
Chrysopsis villosa 74 0.20 Arenaria fendleri 23 0.31 0.2
Monardella odoratissima 6 0.20 Chaenactis douglasii 44 0.31 0.1
Solidago velutina 38 0.19 Phlox austromontana 54 0.30 0.4
Linanthastrum nuttallii 19 0.18 Pachystima myrsinites 54 0.28 14
Sedum lanceolatum 3 0.18 Selaginella underwoodii 17 0.28 0.9
Heuchera rubescens 12 0.17 Bromus tectorum 130 0.27 0.6
Wyethia arizonica 5 0.17
Arenaria macradenia 46 0.15

E. UPLAND SANDS
Cryptantha cinerea 17 0.26 Poa fendleriana 190 0.83 5.1
Chaenactis douglasii 44 0.25 Opuntia macrorhiza 120 0.72 1.1
Abronia fragrans 20 0.25 Senecio multilobatus 99 0.64 0.4
Hymenopappus filifolius 11 0.24 Arctostaphylos patula 94 0.62 10.1
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TaBLE 2. Continued.

Coalition species Occ. Affin. Affiliate species Occ. Affil. Cvr.
Artemisia campestris 14 0.23 Amelanchier utahensis 141 0.55 2.3
Penstemon laevis 26 0.23 Quercus gambelii 135 0.52 6.6
Tradescantia occidentalis 22 0.22 Chrysopsis villosa 74 0.50 15
Arctostaphylos patula 94 0.21 Arabis perennans 124 0.48 0.2
Opuntia macrorhiza 120 0.21 Erysimum asperum 64 0.43 0.2
Eriogonum alatum 6 0.20 Pinus ponderosa 60 0.41 5.6
Chrysopsis villosa 74 0.19 Phlox austromontana 54 0.41 0.6
Senecio multilobatus 99 0.19 Bromus tectorum 130 0.39 1.1
Bouteloua gracilis 19 0.19 Chaenactis douglasii 44 0.39 0.2
Phlox austromontana 54 0.19 Juniperus osteosperma 115 0.36 2.2
Arenaria fendleri 23 0.19 Gilia inconspicua 84 0.34 0.2
Linanthastrum nuttallii 19 0.18 Festuca octoflora 74 0.33 0.3
Pinus ponderosa 60 0.17 Eriogonum racemosum 59 0.31 0.2
Erysimum asperum 64 0.16 Stephanomeria tenuifolia 51 0.30 0.2
Polygonum douglasii 39 0.15 Carex rossii 67 0.29 0.2

Polygonum douglasii 39 0.28 0.1
Sporobolus cryptandrus 50 0.27 0.2
Arenaria macradenia 46 0.27 0.3
Yucca angustissima 41 0.26 0.3
Penstemon laevis 26 0.25 0.2
Machaeranthera canescens 40 0.25 0.1
Stipa hymenoides 65 0.25 0.2

F. ROCKY SLOPES
Fraxinus anomala 45 0.24 Poa fendleriana 190 0.85 5.8
Arabis perennans 124 0.24 Amelanchier utahensis 141 0.67 3.5
Erigeron utahensis 41 0.22 Arabis perennans 124 0.65 0.3
Poa fendleriana 190 0.21 Opuntia macrorhiza 120 0.61 1.0
Quercus turbinella 50 0.21 Juniperus osteosperma 115 0.58 4.1
Erysimum asperum 64 0.21 Senecio multilobatus 99 0.51 0.3
Opuntia macrorhiza 120 0.20 Bromus tectorum 130 0.50 1.3
Pinus monophylla 64 0.20 Quercus gambelii 135 0.46 7.0
Juniperus osteosperma 115 0.19 Gilia inconspicua 84 0.43 0.2
Haplopappus scopulorum 42 0.18 Arctostaphylos patula 94 0.42 6.2
Shepherdia rotundifolia 17 0.18 Erysimum asperum 64 0.38 0.2
Penstemon eatonii 23 0.18 Pinus monophylla 64 0.37 2.9
Amelanchier utahensi 141 0.17 Gutierrezia sp. 94 0.37 0.5
Senecio multilobatus 99 0.16 Quercus turbinella 50 0.32 3.6
Gilia inconspicua 84 0.15 Fraxinus anomala 45 0.30 0.9
Streptanthus cordatus 38 0.15 Festuca octoflora 74 0.30 0.2

Cryptantha sp. (annual) 60 0.29 0.2
Erigeron utahensis 41 0.28 0.2
Stipa hymenoides 65 0.28 0.2
Chrysopsis villosa 74 0.27 0.8
Haplopappus scopulorum 42 0.27 0.5
Eriogonum racemosum 59 0.27 0.1
Phlox austromontana 54 0.26 0.5
Pinus edulis 53 0.25 1.8

G. ARID LOWLANDS
Bromus rubens 43 0.37 Bromus tectorum 130 0.78 34
Gutierrezia sp. 94 0.28 Gutierrezia sp. 94 0.70 1.3
Baileya multiradiata 8 0.27 Juniperus osteosperma 115 0.69 4.1
Ephedra nevadensis 18 0.26 Gilia inconspicua 84 0.64 0.3
Draba verna 40 0.26 Poa fendleriana 190 0.61 3.2
Gilia inconspicua 84 0.26 Festuca octoflora 74 0.58 0.4
Hilaria sp. 41 0.25 Arabis perennans 124 0.49 0.3
Festuca octoflora 74 0.25 Cryptantha sp. (annual) 60 0.48 0.3
Coleogyne ramosissima 13 0.24 Bromus rubens 43 0.48 0.5
Opuntia erinacea 17 0.23 Pinus monophylla 64 0.45 2.6
Bouteloua eriopoda 5 0.23 Opuntia macrorhiza 120 0.45 0.7
Eriogonum palmerianum 15 0.22 Draba verna 40 0.40 0.2
Astragalus nuttallianus 9 0.22 Amelanchier utahensis 141 0.39 2.0
Bromus tectorum 130 0.21 Hilaria sp. 41 0.38 1.1
Cryptantha sp. (annual) 60 0.21 Stipa hymenoides 65 0.33 0.3
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TaBLE 2. Continued.

Coalition species Occ Affin. Affiliate species Occ Affil. Cvr.
Eriastrum eremicum 7 0.21 Quercus turbinella 50 0.31 3.5
Psorothamnus fremontii 11 0.20 Elymus elymoides 58 0.30 0.2
Encelia frutescens 4 0.20 Erigeron utahensis 41 0.28 0.2
Yucca baccata 17 0.19 Arctostaphylos patula 94 0.28 4.0
Stipa speciosa 15 0.19 Descurainia pinnata 28 0.25 0.2
Eriastrum sparsiflorum 13 0.18 Artemisia tridentata 55 0.24 1.7
Swertia albomarginata 11 0.18 Stipa comata 39 0.24 1.1
Descurainia pinnata 28 0.17 Eriogonum davidsonii 32 0.24 0.1
Rhus aromatica 23 0.17 Senecio multilobatus 99 0.23 0.1
Juniperus osteosperma 115 0.17
Eriogonum inflatum 3 0.17
Linanthus dichotomus 14 0.16
Pinus monophylla 64 0.16

H. LOWLAND FLATS
Lycium pallidum 3 0.34 Bromus tectorum 130 0.76 18.0
Erodium cicutarium 10 0.29 Gutierrezia sp. 94 0.58 2.0
Atriplex canescens 10 0.27 Chamaesyce albomarginata 23 0.54 1.2
Tragopogon dubius 8 0.24 Juniperus osteosperma 115 0.48 1.6
Lactuca serriola 13 0.22 Sphaeralcea grossulariifolia 14 0.39 0.2
Cirsium wheeleri 8 0.22 Erodium cicutarium 10 0.38 0.8
Chamaesyce albomarginata 23 0.21 Lactuca serriola 13 0.38 0.2
Sphaeralcea grossulariifolia 14 0.21 Hilaria sp. 41 0.36 1.3
Elymus smithii 3 0.19 Atriplex canescens 10 0.35 0.9

Poa fendleriana 190 0.32 1.3
Sporobolus cryptandrus 50 0.30 0.5
Tragopogon dubius 8 0.28 0.1
Festuca octoflora 74 0.28 0.2
Stipa comata 39 0.28 1.4
Gilia inconspicua 84 0.27 0.1
Cirsium wheeleri 8 0.26 0.2
Amelanchier utahensis 141 0.26 15
Elymus elymoides 58 0.24 0.1
Quercus gambelii 135 0.24 2.6
Bromus rubens 43 0.23 0.3
Artemisia tridentata 55 0.22 1.8
Cryptantha sp. (annual) 60 0.22 0.1

I. UrpER MESA Tor
Lathyrus lanszwertii 20 0.24 Quercus gambelii 135 0.78 15.1
Peraphyllum ramosissimum 10 0.24 Amelanchier utahensis 141 0.78 4.3
Balsamorhiza sagittata 8 0.22 Poa fendleriana 190 0.78 4.3
Phlox longifolia 11 0.22 Arabis perennans 124 0.49 0.2
Penstemon linarioides 13 0.21 Opuntia macrorhiza 120 0.45 0.8
Swertia radiata 11 0.20 Carex rossii 67 0.45 0.5
Zigadenus paniculatus 12 0.19 Senecio multilobatus 99 0.43 0.2
Purshia tridentata 36 0.18 Juniperus osteosperma 115 0.43 2.5
Quercus gambelii 135 0.18 Symphoricarpos oreophilus 58 0.41 3.3
Symphoricarpos oreophilus 58 0.17 Pinus edulis 53 0.39 3.6
Mertensia fusiformis 3 0.17 Arctostaphylos patula 94 0.38 5.3
Chrysothamnus depressus 5 0.16 Pachystima myrsinites 54 0.33 15
Amelanchier utahensis 141 0.16 Pinus ponderosa 60 0.28 4.0
Carex rossii 67 0.16 Erysimum asperum 64 0.27 0.1
Pinus edulis 53 0.15 Bromus tectorum 130 0.27 0.8

Vicia americana 43 0.26 1.5
Phlox austromontana 54 0.25 0.7
Eriogonum racemosum 59 0.24 0.1
Cercocarpus montanus 33 0.23 2.0
Lathyrus lanszwertii 20 0.22 0.9
Solidago velutina 38 0.20 04

J. LOWER MESA Top
Viola purpurea 10 0.27 Amelanchier utahensis 141 0.80 42
Cercocarpus montanus 33 0.26 Quercus gambelii 135 0.77 13.9
Pinus edulis 53 0.22 Poa fendleriana 190 0.75 4.1
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Coalition species Occ Affin. Affiliate species Occ Affil. Cvr.
Carex rossii 67 0.21 Arabis perennans 124 0.50 0.2
Pachystima myrsinites 54 0.21 Carex rossii 67 0.48 0.6
Amelanchier utahensis 141 0.20 Opuntia macrorhiza 120 0.44 0.8
Swertia radiata 11 0.19 Senecio multilobatus 99 0.44 0.2
Pedicularis centranthera 10 0.18 Pachystima myrsinites 54 0.43 1.8
Peraphyllum ramosissimum 10 0.18 Arctostaphylos patula 94 0.41 55
Quercus gambelii 135 0.18 Pinus edulis 53 0.41 4.0
Physaria newberryi 7 0.16 Juniperus osteosperma 115 0.41 2.6
Mahonia repens 29 0.16 Symphoricarpos oreophilus 58 0.33 2.4

Cercocarpus montanus 33 0.31 2.9
Pinus ponderosa 60 0.27 3.6
Bromus tectorum 130 0.25 0.8
Erysimum asperum 64 0.25 0.1
Phlox austromontana 54 0.24 0.6
Vicia americana 43 0.24 1.2
Mahonia repens 29 0.24 0.3
Eriogonum racemosum 59 0.22 0.1
Fraxinus anomala 45 0.22 0.6

100-m radius > —21.24) that corresponded to
talus deposits immediately below Navajo Sand-
stone cliffs (Fig. 3A).

The group with highest affinity for the
steep sloping terrain below Navajo Sandstone
cliffs was given the name “Rocky Slopes.”
Fraxinus anomala, Erigeron utahensis, Poa
fendleriana, and Quercus turbinella were
prominent members of this group (Table 2F).
The first split of the Rocky Slopes regression
tree model identified substrate as an impor-
tant affinity predictor, with lower affinity for
Carmel, alluvium, colluvium, eolian, lacus-
trine and residuum than for other substrates
(Fig. 4A). Rocky Slopes affinity values were
low in the deep canyon zone (TPI at 100-m
radius < —35) (Fig. 4A) in contrast to the
Crevice Canyon group (Fig. 2C), but higher
in other low TPI areas adjacent to cliffs. The
highest Rocky Slopes affinities were associ-
ated with the Kayenta formation which is par-
ticularly extensive in the Taylor Creek thrust
fault area of northwestern Zion (Fig. 4A). The
broad zone of relatively high affinity above,
below, and around the Kayenta formation can
be attributed to the broad distribution of
several members of the Rocky Slopes group,
including Poa fendleriana, Amelanchier utah-
ensis, and Arabis perennans. These species
occupy a wide range of environments at Zion
but form a coalition with more narrowly dis-
tributed species such as Shepherdia rotundifo-
lia (Table 2F).

The Rocky Slopes group shared 3 coali-
tion species (Opuntia macrorhiza, Senecio

multilobatus, and Erysimum asperum) with the
Upland Sands group (Table 2E) and 3 others
(Pinus monophylla, Juniperus osteosperma, and
Gilia inconspicua) with the lower-elevation
Arid Lowlands group (Table 2G). Pinus mono-
phylla and J. osteosperma are well-known domi-
nants of Great Basin woodlands (West 1999)
and epitomize the Great Basin affinities of
many of the Arid Lowlands coalition species.
Other coalition species of the Arid Lowlands
group, including Coleogyne ramossima, Bai-
leya multiradiata, and Eriastrum eremicum,
have geographic affinities for the Mojave Desert
and lower-elevation Colorado Plateau rather
than the Great Basin (Welsh et al. 2003). In-
cluded in this mixture is the common Mojave
Desert invasive species Bromus rubens as well
as its Great Basin counterpart Bromus tectorum.
Gutierrezia spp. (G. sarothrae and G. micro-
cephala), indicators of grazing disturbance
history (Ladyman 2004), also had high affinity
for the Arid Lowlands group (Table 2G).

The arid character of sites occupied by the
Arid Lowlands group was verified by its re-
gression tree model which indicated higher
affinity for sites below 1596 m elevation (Fig.
4B). Within this low-elevation zone the Arid
Lowlands group had lower affinity for deep
canyons (TPI at 100-m radius < —22), sub-
strates associated with riparian areas (alluvium
and lacustrine) and substrates concentrated at
higher elevations (Kayenta, talus, Navajo and
eolian), except where these substrates were
highly exposed (exposure > 215). At somewhat
higher elevations (1596-1818 m) the Arid
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Fig. 2. Regression tree models and maps for Streambank, High Plateau and Crevice Canyon coalition groups at Zion
National Park, Utah. Mean affinity values at terminal nodes are in units of the phi coefficient. Predicted distribution of
affinity values are mapped using shading shown at tree tips. TPI (50/100 m) = topographic position index (50- or 100-m
radius). See Table 1 for key to substrate codes.
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Fig. 3. Regression tree models and maps for Slickrock and Upland Sands coalition groups at Zion National Park,
Utah. Mean affinity values at terminal nodes are in units of the phi coefficient. Predicted distribution of affinity values

are mapped using shading shown at tree tips. TPI (100-m) =

key to substrate codes.

Lowlands group likewise had higher affinity
for more exposed sites (exposure > 130) (Fig.
4B) where the moisture/temperature regime
was presumably similar to lower elevations.
Lowland Flats, another low-elevation species
group, had high affinities for sites below
1388 m, especially alluvium and Moenkopi
substrates with TPI (50-m radius) > -0.5
(Fig. 4C). In Zion Canyon, these conditions
correspond with floodplains and benches
above the zone where the Streambank group
is concentrated (Fig. 2A). These portions of
Zion Canyon have been subject to intensive

topographic position index at 100-m radius. See Table 1 for

agriculture in the past and bear the marks
of this land-use history. A combination of na-
tive species (e.g., Lycium pallidum, Atriplex
canescens, Sphaeralcea grossulariifolia, Ely-
mus smithii) and exotics associated with dis-
turbance (Erodium circutarium, Tragopogon
dubius, Lactuca serriola) typified the Lowland
Flats group (Table 2H). Various combinations
of these species also occurred throughout Zion
at the lower elevations. Above 1388 m eleva-
tion, higher Lowland Flat affinities were as-
sociated with flatter areas (slope < 6%) on
mostly unconsolidated substrates (Fig. 4C).
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Fig. 4. Regression tree models and maps for Rocky Slopes, Arid Lowlands and Lowland Flats coalition groups at
Zion National Park, Utah. Mean affinity values at terminal nodes are in units of the phi coefficient. Predicted distribu-
tion of affinity values are mapped using shading shown at tree tips. TPI (50/100 m) = topographic position index (50- or
100-m radius). See Table 1 for key to substrate codes.
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Fig. 5. Regression tree models and maps for Upper and Lower Mesa Top coalition groups at Zion National Park,
Utah. Mean affinity values at terminal nodes are in units of the phi coefficient. Predicted distribution of affinity values
are mapped using shading shown at tree tips. See Table 1 for key to substrate codes.

Coalition Clustering yielded 2 groups as-  species (Pinus edulis, Quercus gambelii, Ame-
sociated with the Carmel formation that caps lanchier utahensis, and Peraphyllum ramosissi-
the Navajo Sandstone on the eastern and mum) as well as 2 herbaceous species (Carex
northern sides of Zion. We interpreted one rossii and Swertia radiata), but the affinity
group (Upper Mesa Top) as indicating slightly  order of these species is almost exactly re-
more mesic settings than the other group versed for the 2 groups, i.e., affinity of P. ramo-
(Lower Mesa Top). Highest affinity values for  sissimum > S. radiata > A. utahensis > C.
both groups were found in a zone defined by rossii > P. edulis for Upper Mesa Top (Table
the Carmel formation above 1791 m, but out-  2I), whereas the opposite sequence is true for
side of this zone the Upper Mesa Top groups Lower Mesa Top (Table 2]). Tiwvo members of
affinities are shifted toward higher elevations these groups overlap with other groups: Sym-
than Lower Mesa Top's (Fig. 5). The 2 Mesa  phoricarpos oreophilus links Upper Mesa Top
Top groups share a set of prominent woody to the High Plateau group (Table 2B) and
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Amelanchier utahensis links both Mesa Top
groups to the Rocky Slopes group (Table 2F).

Affiliate Species of Coalition Groups

Many but not all coalition species were
also affiliate species of their coalition groups
(Table 2, bold), meaning that they co-occurred
with high frequency. The percentage of
coalition species that were also affiliate
species ranged from 36% for Crevice Canyon
group (Table 2C) to 83% for Streambank
(Table 2A). Each group also had 10-16 affiliate
species that were not coalition species (Table
2), meaning that they frequently co-occurred
but did not share overall distribution/
association patterns with members of the
group. The total number of affiliate species,
which reflects the mean species density in
plots where coalition species were concen-
trated, ranged from 21 for the Lower Mesa
Top group (Table 2]) to 27 for Crevice Canyon
(Table 2C).

As a general pattern, the most widely dis-
tributed species had the highest affiliation
values and were affiliated with the most coali-
tion groups. Poa fendleriana, the most fre-
quently encountered species at 190 occur-
rences, was an affiliate of all 10 described
groups (Table 2). Other widely distributed spe-
cies with multiple affiliations included Quer-
cus gambelii, Amelanchier utahensis, Bromus
tectorum, Arabis perennans, Senecio multi-
lobatus, and Opuntia macrorhiza (Table 2). In
each of these cases, the species was affiliated
with several additional groups beyond the
one(s) where it belonged as a coalition
species. Some species, including Artemisia
ludoviciana, Artemisia tridentata, Elymus
elymoides, Eriogonum racemosum, Machaer-
anthera canescens, Phacelia heterophylla,
Sporobolus cryptandrus, Stipa comata, Stipa
hymenoides, and Yucca angustissima, had
the distinction of being affiliate species with-
out belonging to any of the coalition groups.

Weighted mean cover ranged from a frac-
tion of a percent for most affiliate species
(Table 2) to 23% for Quercus gambelii in the
High Plateau group (Table 2B), followed by
Bromus tectorum in the Lowland Flats group at
18% (Table 2H). A total of 25 affiliate species
met our criteria for dominance (weighted mean
cover > 2%) in relation to one or more groups
(Table 2, underlined entries). Ten of these
were dominant in only one group, while 5

PLANT COALITION GROUPS OF ZION NP 43

species were dominant in 5 or more groups
(Quercus gambelii, Poa fendleriana, Ame-
lanchier utahensis, Arctostaphylos patula, and
Juniperus osteosperma) (Table 2).

Relations to Previously Described
Vegetation Types

To a certain extent, our 10 coalition groups
resembled the 10 vegetation types previously
described by Harper et al. (2001). Some coali-
tion groups were compositionally very simi-
lar to modal species of Harper et al.’s (2001)
vegetation types (Fig. 6, Appendix 4). For ex-
ample, 7 of the 9 coalition species of the Low-
land Flats group were modal species of the
Abandoned Fields type (Appendix 4). The
Arid Lowlands, Slickrock, High Plateau, and
Streambank groups corresponded relatively
closely with the Blackbrush, Rock Crevice,
Douglas Fir—-White Fir, and Riparian vege-
tation types, respectively (Fig. 6). However,
the correspondence was not exact, and some
groups had high correspondence with multi-
ple vegetation types, namely, Upland Sands
(with Ponderosa Pine, Mountain Brush, and
Rock Crevice), Crevice Canyon (with Ripar-
ian, Douglas/White Fir, and Hanging Gardens),
and the Mesa Top groups (with Douglas/
White Fir, Ponderosa Pine and Juniper-Pinyon)
(Fig. 6).

When clustered according to coalition
group affinities, NVC associations were ar-
ranged into groups that reflected environ-
mental affinities but did not have uniform
physiognomy (Fig. 7, Appendix 5). The 11
clusters highlighted in Fig. 7 were named
for their predominant environmental (i.e.,
coalition group) affinities and the mixture of
physiognomic classes they contained. These
clusters were nested in 2 major groups (Xeric
and Mesic Zion Vegetation) and 4 major sub-
groups (Fig. 7). Some associations emerged
as outliers whose environmental affinities
seemed poorly matched with their neighbor-
ing clusters (Needle-and-Thread Great Basin
Herbaceous, Coyote Willow/Barren Shrub-
land, and Green Rabbitbrush/Kentucky Blue-
grass Semi-natural Shrubland) and these as-
sociations were excluded from the 10-cluster
classification (Fig. 7, Appendix 5). These out-
liers may be associations sampled by the
USGS survey that were missed or poorly
captured by the Harper survey (see discus-
sion below).
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Fig. 6. Correspondence between vegetation units of Harper et al. (2001) (rows) and coalition species groups of the
current study (columns) at Zion National Park, Utah. Values shown are mean affinities (in units of the phi coefficient) of
modal species of each vegetation unit in relation to each coalition group (see also Appendix 4).

DiscussIoN

Our analysis of plant community variation
and community-environment relationships at
Zion revealed several patterns that were over-
looked or obscured in previous community
characterizations. Important patterns revealed
by our analysis include (A) floristic similarities
between communities of low-elevation ripar-
ian zones (Streambank) and high elevations
(High Plateau), linked by mid-elevation com-
munities of narrow sandstone canyons (Crevice
Canyon), (B) contrasting communities of sand-
stone bedrock (Slickrock) and sand deposits
(Upland Sands) on the Navajo Sandstone For-
mation, (C) subtle community differentiation
related to elevation within the Carmel Forma-
tion (Upper and Lower Mesa Top), and (D)
continuity of communities containing Mojave
Desert and Great Basin species within a xeric
low-elevation zone (Arid Lowlands).

Our unique results can be attributed to the
way in which we defined and characterized
communities as coalition groups rather than
conventional vegetation types. Although we
used the (nearly) identical dataset that Harper
(1993) and Harper et al. (2001) used to charac-
terize vegetation types at Zion, our characteri-
zation was based on coalition clustering of
species association patterns as opposed to site
classification based on dominant species and
vegetation structure. Our 10 coalition groups
are comparable in scale to the 10 vegetation
types described by Harper et al. (2001) but

lack discrete spatial boundaries and reflect
multispecies distribution patterns indepen-
dent of species commonness or abundance—
although we were also able to identify the
most common and abundant species associ-
ated with the coalition groups (affiliate and
dominant-affiliate species) in secondary analy-
sis steps. Our coalition groups likewise differ
from the NVC associations described by Cogan
et al. (2004), although the latter represent a
finer scale of characterization that we were
able to cross-walk to our broader coalition
group scheme.

Species Groups and the
Individualistic Concept

Coalition groups can be considered species
groups according to most definitions of the
term as used by plant community ecologists.
They are (phyto-) sociological species groups
comprised of species with similar association
patterns (Doing 1969, Holzner et al. 1978) and
also qualify as statistical species groups derived
through multivariate analysis (Bruelheide and
Chytry 2000, McCune and Grace 2002). Al-
though our coalition groups are not ecological
species groups as defined by European schools
of ecosystem classification (Mueller-Dombois
and Ellenberg 1974, Kashian et al. 2003) they
are clearly “ecological” in the sense of being
correlated with environmental variation, such
that species within groups can be interpreted
as having similar environmental affinities.
Given the strength and interpretive value of
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Fremont Cottonwood / Coyote Willow Forest
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A1a. Mesa Top - Forest/
Woodland / Shrubland

A1b. Mesa Top /
Rocky Slopes - Woodland /
Shrubland / Sparse

A1c. Upland Sands /
Slickrock / Rocky Slopes -
Woodland / Shrubland /
Herbaceous / Sparse

A2a. Arid Lowlands /
Lowland Flats - Woodland /
Shrubland / Herbaceous /
Sparse

A2b. Arid Lowlands -
Woodland / Shrubland /
Sparse

A2c. Upland Sands / Rocky
Slopes - Shrubland / Sparse

A2d. Rocky Slopes -
Woodland / Shrubland

B1a. High Plateau /
Crevice Canyon - Forest/
Woodland / Herbaceous

B1b. High Plateau - Forest/
Woodland / Shrubland /
Herbaceous

B2a. Streambank / High
Plateau - Forest / Woodland /
Shrubland / Herbaceous

B2b. Streambank -
Forest / Woodland /
Shrubland / Herbaceous

Fig. 7. Cluster dendrogram of National Vegetation Classification (NVC) associations of Zion National Park, Utah
(Cogan et al. 2004), based on compositional affinities to 10 coalition groups presented in this paper. Names are assigned to
clusters at 3 levels. A = Xeric Zion Vegetation, B = Mesic Zion Vegetation. A1 = Mesa Top/Upland Sands/Slickrock/
Rocky Slopes, A2 = Lowlands/Rocky Slopes/Upland Sands, Bl = High Plateau/Crevice Canyon, B2 = Streambank/

High Plateau.
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these environmental correlations (Fig. 2-5), we
opted to use environmentally descriptive names
instead of following the widespread conven-
tion of naming species groups based plant taxa
(e.g. Holzner et al. 1978, Kashian et al. 2003).

We propose that the term individualistic
species group also applies to coalition groups
because their nondiscrete spatial patterns,
overlapping composition and fuzzy attributes
reflect notions of species individualism and
community continuity espoused by Gleason
(1926, 1939). Gleason is well known for having
pointed out difficulties of discrete community
classification stemming from individualistic spe-
cies distributions, having noted that “every
species of plant is a law unto itself, the distri-
bution of which in space depends upon its
individual peculiarities” (Gleason 1926, p. 26).
But he also recognized that some species are
sufficiently aligned in their distributions to
warrant group recognition:

The [individualistic] concept is by no means op-
posed to the recognition of the synusia, or union,
defining it as a group of plants whose physiological
demands are so similar that they are regularly se-
lected by the same environment and consequently
regularly live together (Gleason 1939, p. 108).

Hence an individualistic approach to com-
munity characterization permits the dual objec-
tive of identifying spatially-associated species
possessing similar ecological requirements,
while also recognizing and quantifying species
differences.

Unlike methods such as TWINSPAN or
COCKTAIL which characterize species groups
in relation to discrete site groups (Bruelheide
and Chytry 2000), the coalition clustering
approach extracts groups lacking discrete
boundaries (beyond the overall boundaries of
the chosen study area). Any clustering method
carried out in R-mode (clustering species but
not sites) (McCune and Grace 2002) would
likewise yield spatially nondiscrete groups.
Coalition groups have an added distinction of
being compositionally nondiscrete (i.e., over-
lapping in their species membership). The
only sense in which coalition groups are “dis-
crete” is that any one group is composed of a
distinct set of member species, but even this
form of discreteness is diluted by our use of
affinity values to characterize degrees of mem-
bership. We note conceptual and mathematical
similarities between our affinity calculations
and fuzzy set theory: species affinity is essen-
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tially identical to fuzzy membership, group-
averaged affinity to relative cardinality, and
plot-averaged affinity to fuzzy species richness
as described by Olivero et al. (2011).

Although coalition clustering does not re-
quire or produce spatially discrete community
units, it is influenced by discontinuities in
species distribution patterns. Multiple species
can have coinciding distributions marked by
quasi-discrete distribution boundaries due
to abrupt environmental transitions, even if
these species would otherwise show unaligned
individualistic environmental responses (Aus-
tin and Smith 1989). Relatively abrupt transi-
tions in hydrology, substrate and elevation are
present at Zion and are reflected in our coali-
tion groups. The Streambank and Crevice
Canyon groups, for example, were concen-
trated in mesic environments immediately
adjacent (at the scale of 10 X 10-m pixels) to
xeric environments dominated by the Low-
land Flats, Arid Lowlands or Slickrock groups
(Fig. 2—4). The Navajo Sandstone cliff zone
forms a natural break in the Zion landscape
that was detectable as a dividing line in re-
gression tree models, e.g., the first split of the
Arid Lowlands model at 1596 m elevation lies
at approximately the base of the Navajo Sand-
stone cliffs in the main section of the park
(Fig. 4B), while the first split of the Mesa Top
groups (1791 m) lies near the top of this same
set of cliffs (Fig. 5).

In other instances, our coalition clustering re-
sults indicate gradual rather than abrupt changes
in community composition and environmental
conditions. The 2 Mesa Top groups overlapped
extensively in composition (Table 2I-]), spatial
distribution and environmental affinities (Fig.
5), leading us to conclude that they represent
subtle distinctions along a continuum. The Arid
Lowlands group also appears to represent a
continuum that was not subdivided at our se-
lected threshold level. We note, however, that
at a threshold of phi = 0.2 (instead of 0.15), 2
Arid Lowlands subgroups emerged, one with
Great Basin/higher-elevation affinities and the
other with Mojave Desert/lower-elevation af-
finities (Fig. 8). Like the 2 Mesa Top groups,
these 2 Arid Lowlands subgroups had many
species in common, and species with higher
affinity for one group tended to have lower af-
finity for the other (with the exception of Bro-
mus rubens, which was the highest-affinity
species for both groups) (Fig. 8).
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Bromus rubens
Encelia frutescens
Baileya multiradiata
Bouteloua eriopoda
1 Ephedra nevadensis
Coleogyne ramosissima
Astragalus nuttallianus
Gutierrezia sp.
Stipa speciosa \ Eriogonum inflatum
Draba verna-__ Vs Hilaria sp.
Yucca baccata 7 Psorothamnus fremontif
Lotus plebius Draba verna
Eriogonum davidsonii Eriastrum eremicum
Hilaria sp. / Opuntia erinacea
\\

Bromus rubens
Gilia inconspicua
Gutierrezia sp. .\
Cryptantha sp.
Festuca octoflora
Linanthus dichotomus \
Bromus tectorum
Erigeron ufahens:‘s\ \

Quercus turbinella Lepidium densiflorum
Ephedra nevadensis l\ Festuca octoflora
Streptanthella longirostris \ Gilia inconspicua
Pinus monophyilla Bromus tectorum
Juniperus osteosperma Erodium cicutarium
Rhus aromatica

Fig. 8. Two Arid Lowlands coalition groups at Zion
National Park, Utah, obtained through coalition clustering
in RCLUS at a threshold affinity value of phi = 0.2.
Species are in descending order of group affinity and lines
connect species shared by both groups. The left group has
Great Basin (higher elevation) affinities and the right
group has Mojave Desert (lower elevation) affinities.

Coalition Clustering Methodology

We emphasize that our coalition groups
portray one of many possible coalition cluster-
ing solutions, as illustrated by the alternative
Arid Lowlands groupings discussed above.
Through experimentation with different asso-
ciation coefficients and threshold levels, we
arrived at a solution at the desired scale that
agreed with our field experience at Zion.
Thus our approach differs from clustering
approaches that seek to identify an optimal
set of clusters with minimal within-group and
maximal between-group variation (Kaufman
and Rousseeuw 1990, Aho et al. 2008). Cluster
evaluation techniques (Aho et al. 2008) could
conceivably be applied to find an optimal
threshold level resulting in a set of coalition
groups with minimal species overlap. How-
ever, given our assertion that overlapping
composition contributes to the individualistic
character of coalition groups, we argue that
flexibility in selecting a threshold level en-
hances the usefulness of coalition clustering as
an exploratory tool.

By applying coalition clustering to our data
using the phi coefficient of association we were
able to generate clusters containing mixtures
of common and rarer species. In many cases,
species belonging to the same coalition group

PLANT COALITION GROUPS OF ZION NP 47

did not actually co-occur in any plots, but the
negative pairwise associations of these species
were overridden by their shared positive asso-
ciations with other species belonging to the
group. Species occurring in multiple plots pro-
vided a glue that held species occurring in
fewer plots together in the same group. Our
use of the phi coefficient contributed to this
result because phi incorporates joint absence
information and is less sensitive to differences
in species frequency than presence-only coef-
ficients such as the Jaccard index (Jackson et
al. 1989, Sanderson et al. 2006). Species clus-
tering based on presence-only coefficients
tends to group species according to their fre-
quency unless additional standardization steps
are followed (Jackson et al. 1989, McCune and
Grace 2002). The phi coefficient has the draw-
back of being undefined when 2 species have
perfectly overlapping distributions or when one
species’ distribution is nested within the other,
but we did not encounter either of these situa-
tions in our data set. Phi is always negative
when 2 species never occur together, but can
also be negative when 2 species occur together
with few joint absences (e.g., a pair of ubiqui-
tous species). In our analysis, co-occurring
ubiquitous species would justifiably have been
excluded from coalition groups, but this situa-
tion was minimally relevant because the most
ubiquitous species (Poa fendleriana) occurred
in 66% of plots but no other species exceeded
50% occurrence. Our results would therefore
likely have been similar had we used a coeffi-
cient that increases monotonically with in-
creasing joint presence, such as that of Baroni-
Urbani and Buser (1976).

In contrast to Harper et al. (2001), whose
community characterization began with domi-
nant species followed by prevalent and modal
species sensu Curtis (1959), our characteriza-
tion began with a conceptual equivalent of
modal species (coalition species) followed by
equivalents of prevalent and dominant species
(affiliate and dominant-affiliate species, respec-
tively). Modal species are conceptually similar
to what other authors have termed faithful,
diagnostic, differential or character species, all
of which denote concentration of species occur-
rences in one or more communities relative to
others (Braun-Blanquet 1932, Aho et al. 2008,
Jennings et al. 2009). Coalition species like-
wise express this concept of community fidelity,
but in relation to a species group rather than
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a set of spatially defined communities. Unlike
strict definitions of faithful species, coalition
species can be “faithful” to more than one group.
Prevalent species as defined by Curtis (1959)
are essentially synonymous with what others
have termed constant species (Braun-Blanquet
1932, Jennings et al. 2009), with the added cri-
terion of using species density (average number
of species per plot) to determine the number of
prevalent species for a community (Curtis 1959,
Harper et al. 2001). Our procedures for identi-
fying affiliate and dominant-affiliate species
followed the logic of the prevalent species con-
cept in a way that, to our knowledge, is novel
and could be applied to any set of species
groups (coalition groups or otherwise). Although
our measures of affiliation (percent co-occur-
rence) and weighted mean cover are not directly
comparable with constancy and mean cover
calculated for discrete communities, their values
can be readily used for comparisons within
and across species groups.

Perspectives on Vegetation Classification

By characterizing dominant species in rela-
tion to species groups, we gained a different
perspective of dominant species than previous
authors who focused on them a priori for vege-
tation classification. Our analysis identified
as dominant-affiliates many of the same species
that defined vegetation types of Harper et al.
(2001), but some of these species were spread
among multiple coalition groups. Pinus pon-
derosa, which defined the Ponderosa Pine
vegetation type of Harper et al. (2001), emerged
as a dominant-affiliate species of 4 coalition
groups (Upper and Lower Mesa Top, Upland
Sands and Slickrock); likewise Abies concolor
of the White Fir-Douglas Fir vegetation type
was a dominant-affiliate of both High Plateau
and Crevice Canyon; and dominants of Juniper-
Pinyon (Pinus edulis, Pinus monophylla, Juni-
perus osteosperma) and Mountain Brush (Quer-
cus gambelii, Amelanchier utahensis) vegetation
types were dominant-affiliates of 2 or more
coalition groups each (Table 2). These mis-
matches highlight the discordance between
abundance patterns of single species and
presence-absence patterns of broader species
sets. Because dominant species and growth
forms such as ponderosa pine, white fir,
juniper-pinyon and mountain brush are gen-
eralists that occupy multiple environmental
settings at Zion, their use as classification cri-
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teria by Harper et al. (2001) led to environ-
mentally ambiguous vegetation types. Some
of these ambiguities were clarified in a sub-
sequent paper (Harper et al. 2003) that split
the Juniper-Pinyon vegetation type into 3
subtypes: a higher elevation subtype contain-
ing Pinus edulis (like the Mesa Top groups), a
mid-elevation subtype with Pinus monophylla
(like Rocky Slopes) and a low-elevation sub-
type with Juniperus osteosperma but no Pinus
(like Arid Lowlands). Cogan et al. (2004) dif-
ferentiated pinyon-juniper vegetation in a
similar way at the NVC alliance level.

Our hierarchical rearrangement and reclas-
sification of NVC associations on the basis of
coalition group affinities (Fig. 7) differs sub-
stantially from the way these associations have
been treated under the NVC system. Accord-
ing to the NVC classification hierarchy fol-
lowed by Cogan et al. (2004), associations were
nested within 6 major higher levels (alliance,
formation, formation subgroup, formation group,
formation subclass, formation class), each de-
fined by specific characteristics including domi-
nant species, substrate, hydrologic regime, an-
thropogenic disturbance, leaf phenology, leaf
structure, plant habit, and life form (Grossman
et al. 1998). The NVC hierarchy was recently
revised through the addition of new levels
between alliance and formation (group, macro-
group and division) and changes to classifica-
tion criteria designed to make groupings more
ecologically meaningful (FGDC 2008, Faber-
Langendoen et al. 2009, NatureServe 2013,
USNVC 2013). Upper levels of the new NVC
hierarchy reflect general growth form differ-
ences indicative of broad-scale environments
or “global macroclimatic factors”, while suc-
cessively lower levels reflect finer physiog-
nomic and floristic distinctions indicative of
finer-scale climate, geology, substrate, hydrol-
ogy, moisture/nutrient factors, and disturbance
regimes (Faber-Langendoen et al. 2009). The
NVC hierarchy might thus be expected to
portray environmental affinities at Zion in a
manner similar to our coalition groups; how-
ever, our coalition group-based hierarchy was
poorly aligned with both the older and
newer NVC classification (Appendixes 6, 7).
Some NVC groupings were concentrated within
certain clusters of our hierarchy—e.g,, Singleleaf
Pinyon — (Utah Juniper) Woodland Alliance in
the Rocky Slopes Woodland/Shrub cluster—but

others were spread across multiple clusters, as
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illustrated by the mixture of associations with
multiple physiognomies (forest, woodland,
shrubland, etc.) within groupings of our 3-
tiered classification (Fig. 7). These differences
can be attributed to the emphasis placed on
physiognomy and dominant species at all levels
of the NVC hierarchy, in contrast to our strictly
floristic, presence/absence-based approach to
classification.

Comparisons can also be made between
our coalition group—based hierarchy of NVC
associations (Fig. 7) and the Terrestrial Eco-
logical Systems Classification (TESC) that has
been applied at Zion (Comer et al. 2003,
Comer and Schulz 2007, NatureServe 2013).
The TESC was developed to complement the
NVC by grouping associations or alliances that
“tend to naturally co-occur with similar envi-
ronmental settings, ecological dynamics, and/or
environmental gradients” (Comer and Schulz
2007, p. 326), forming “ecological systems”
that can more easily be mapped and related
to environmental variation at landscape to re-
gional scales (Comer et al. 2003, Comer and
Schulz 2007). An ecological system can include
multiple physiognomic types that occur in
a similar environment, such as successional
stages ranging from herbaceous vegetation to
shrubland to woodland within a riparian flood-
plain (Comer and Schulz 2007). Given these
criteria, the TESC approach could potentially
yield ecological groupings similar to those we
identified at Zion. Upon cross-walking our
coalition-group based hierarchy with ecologi-
cal systems (Appendix 8), we did indeed find
general similarities, such as alignment of the
North American Warm Desert Lower Montane
Riparian Woodland and Shrubland system with
the Streambank group. However, the concor-
dance between the 2 classifications is far from
exact, and we note that the ecological systems
contain less physiognomic variability than clus-
ters in our hierarchy (Fig. 7, Appendix 8). Like
the NVC hierarchy, the TESC as currently
applied to vegetation types at Zion appears to
emphasize physiognomic/structural uniformity
at the expense of environmental similarity. These
observations are not intended as criticisms of
the NVC and TESC approaches but rather
highlight their strengths and weaknesses in
relation to our approach. No single commu-
nity characterization approach is likely to serve
all purposes; hence our characterization is
finely tuned to represent conditions at Zion,
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but unlike the NVC and TESC it cannot be
straightforwardly transferred to other land-
scapes with different combinations of species
and environments.

Sampling Strategy and Modeling Issues

Our ability to extrapolate coalition group
affinities beyond park boundaries or interpo-
late them beyond plot locations within the
park was limited by sampling and modeling
constraints (cf. Elith and Leathwick 2009).
Environmental conditions such as higher or
lower elevations in the surrounding region
beyond the park were not sampled, and
important community-environment variation
within the park may have also been missed.
Furthermore, the environmental variables we
used posed limitations on predictive model-
ing; for example, the lacustrine substrate class
noticeably overpredicted Streambank (Fig. 2A)
and underpredicted Rocky Slopes (Fig. 4A)
affinities in the Coalpits Wash area (south-
western side of park), where—unlike in Zion
Canyon—Iacustrine deposits are not associ-
ated with riparian areas.

Ideally, a different set of more natural land-
scape boundaries could have been used to
delimit our study area; but given that national
park boundaries were used, the mostly sys-
tematic sampling strategy followed by the
Harper survey was advantageous for capturing
community and environmental variation in a
relatively unbiased way. Dismissing the unlikely
possibility that the approximately 1.6-km dis-
tance between Harper survey plots coincides
with periodic environmental variation at Zion,
the more-or-less evenly spaced plot arrange-
ment (Fig. 1A) can be viewed as an area-
proportional sample of Zion’s environments.

Environmental conditions that were more
frequent in the landscape were captured with
greater frequency by the Harper survey, in
contrast to the USGS survey, which sought to
capture the range of environmental variation
without regard for frequency through a grad-
sect sampling strategy (Cogan et al. 2004). The
effects of these different sampling strategies can
be illustrated by histograms of plot-environ-
ment combinations compared proportionally
with background environmental variation at
Zion (Figs. 9, 10) (Calenge 2006). The Harper
data set had an overrepresentation of low ele-
vations, low slopes, moderate exposures (Fig.
9A), and alluvial substrates (Fig. 10A) that can
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Elevation Exposure
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Elevation Exposure

A. Harper Dataset
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B. USGS Dataset

Fig. 9. Histograms showing background frequencies of topographic variables at Zion National Park, Utah (solid border
bars), compared proportionally with plot representation of the same variables (shaded bars) by 2 different vegetation
surveys (left and right). Based on 50-m-resolution generalizations of 10-m-resolution grids covering the park. Derived
using function “histniche” of the adehabitat package (Calenge 2006) in R 2.8.0 (R Development Core Team 2008).
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B. USGS Dataset

Fig. 10. Histograms showing background frequencies of geologic substrate variables at Zion National Park, Utah
(solid border bars), compared proportionally with plot representation of the same variables (shaded bars) by 2 different
vegetation surveys (left and right). See Table 1 for key to substrate codes. Based on 50-m-resolution generalizations of
10-m-resolution grids covering the park. Derived using function “histniche” of the adehabitat package (Calenge 2006) in

R 2.8.0 (R Development Core Team 2008).

be attributed at least in part to the nonsystem-
atic riparian and old field plots included in the
survey. On the other hand, excessively steep
or bare plot locations were avoided or adjusted
by Harper survey workers, leading to an under-
representation of high slopes and Navajo Sand-
stone substrates (Fig. 9A, 10A). However, these
same patterns of environmental over- and

underrepresentation were present to an even
greater degree in the USGS data set (Fig. 9B,
10B). Consequently the Harper data set has
a larger, comparatively more representative
sample of common environments (such as the
Navajo Sandstone), while the USGS data set
has better representation of rarer, more unique
environments and communities. The Harper
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survey captured “transitional” areas with het-
erogeneous vegetation that would have been
avoided by the USGS survey, while USGS
likely captured spatially restricted vegetation
types that were missed by Harper. These dif-
ferences between survey data sets, as well as
differences due to year of sampling, plot size,
and data collection techniques, must be kept
in mind when comparing our results with
results derived from the USGS survey (i.e.,
Fig. 7, Appendixes 5-8).

Temporal Scale, Fire, and Weather

Our community characterization is best
viewed as a snapshot that captures community
patterns in relation to environment conditions
at a specific area within a specific timeframe.
Conditions at Zion in the late 1980s when the
Harper survey was conducted included the ef-
fects of previous decades of agricultural dis-
turbance, livestock grazing, and fire suppres-
sion (Woodbury 1933, Madany and West 1983)
but not the effects of more recent wildfires
within the park, such as the 4256-ha Kolob
Fire of 2006 (Brisbin et al. 2013). Most Harper
Survey plots were classified by field workers
as late-seral or climax with respect to time
since fire, although 2 plots on the Horse Pas-
ture Plateau burned in 1988 and were sam-
pled later the same year. These recently-burned
plots, despite their reduced cover relative to
surrounding woodlands, readily blended into
the Mesa Top coalition groups in our analy-
sis, suggesting that the fire had a minimal effect
on species composition as measured by pres-
ence-absence, at least initially. This supports
the view that species presence-absence pat-
terns are less sensitive to short-term environ-
mental fluctuations and disturbances than
abundance patterns, making presence-absence
a more stable measure indicative of longer-
term ecological processes than abundance
(Allen and Starr 1982, Wilson 2012). However,
the stability of presence-absence patterns can
be expected to vary due to variation in plant
longevity and sensitivity to disturbance. Other
studies in plant communities similar to those
at Zion have reported shifts in species presence-
absence due to fire, often characterized by
the loss of fire-intolerant shrubs and trees
combined with an influx of annual species
(Koniak 1985, Paysen et al. 2000, Ott et al.
2001, Huisinga et al. 2005, Engel and Abella
2011). Some species that might persist initially
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after fire could later die out, if for example
invasive Bromus species become dominant
and cause recurring fires (Bagchi et al. 2013).
The recent fires at Zion could have therefore
altered some of the community patterns we
have presented here, though this does not
diminish the value of our characterization as
a baseline reference.

Long-term fire history has been implicated
as a factor determining current distributions
of pinyon-juniper woodland versus mountain
brush in areas that could support either vege-
tation type, with mountain brush occupying
sites where the fire-return interval has been
shorter (Floyd et al. 2000). Although our coali-
tion clustering analysis did not reveal discrete
differences between these 2 vegetation types,
the 2 Mesa Top coalition groups were partially
aligned with them. The fire-sensitive species
Pinus edulis and Cercocarpus montanus had
higher affinity for the Lower Mesa Top group
than fire-tolerant mountain brush species
Quercus gambelii, Amelanchier utahensis, Bal-
samorhiza sagittata, and Symphoricarpos oreo-
philus (Floyd et al. 2000, USDA-FS 2013),
but in the Upper Mesa Top group the fire-
tolerant species had higher affinity (Table 2I-]).
These 2 Mesa Top groups might thus reflect
differences in long-term fire history that have
left a subtle imprint on species presence-
absence patterns.

The patterns we detected at Zion also re-
flect weather conditions and fluctuations dur-
ing the years leading up to the time of data
collection in 1987-1989. Weather data from
the park show periods of above-average pre-
cipitation during the years 1978-1983, near-
average from 1984-1988, and below-average
in 1989 (Witwicki 2013). Annual species sensi-
tive to yearly precipitation fluctuations may
have been sparser in 1989; however, most
sampling of low elevations where most of these
annual species occur took place in 1987-1988.

Since the late 1980s, Zion has experienced
large fluctuations in annual precipitation and
a gradual warming trend (Witwicki 2013) that
is projected to continue (Polley et al. 2013). In
light of evidence from elsewhere in south-
western North America (Kelly and Goulden
2008, Fellows and Goulden 2012, Brusca et al.
2013), upward elevational shifts in plant species
distributions could have occurred at Zion dur-
ing this period. Relative to other areas with
less abrupt elevation gradients, plant species
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at Zion might be expected to easily disperse to
higher elevations, although species with affini-
ties for certain horizontally-layered geologic
substrates might find their preferred substrate
unavailable higher up. The degree to which
coalition groups will remain associated through
continued climate change is unknown, but
from a probabilistic perspective, we suggest 2
general rules: (1) species will likely become
increasingly disassociated with the passage of
time as their individualistic responses to cli-
mate change emerge, yet (2) species currently
more strongly associated will likely remain
associated for longer than more weakly associ-
ated species. We suggest that species associa-
tion patterns such as those we have quantified
for Zion have predictive value in both space
and time.
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APPENDIX 1. Abiotic environmental variable layers derived from a 10-m-resolution digital model of Zion National
Park, Utah.
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APPENDIX 2. Geologic substrate classes derived from a 1:24,000-scale digital geologic map of Zion National Park,
Utah, and vicinity (O'Meara 2006).

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025
Terms of Use: https://staging.bioone.org/terms-of-use



ow 0TT°0 11920 1830°0 8€T0°0- 0vT0'0 0L€0°0 £200°0- 1620°0- ¥020°0- 60T0°0- T deldjldquin pypuuld poljabuy
m 6ST0°0- 66¢0°0- 2910°0- SL00°0 ¥Tv0°0- 99¢0°0- 06€0°0 89200 0€20°0 98¢T'0 8T 2edde wnJojfinaiq wnjydaisoipuy
.W £00T°0 18200 0cc0°0- C€C0°0- LLTO0- 6990°0 L2000~ 85€0°0- ¥910°0- €¥50°0 € aedulwely lip4p13ab uobodoipuy
- 6¥¢T°0- L1800~ 9%¥0°0- 86ST°0 06610 T800°0- 0v€0°0 T99T°0 8960°0- 00600~ T 9e30es0y sisuaypin 4a3jydubjawy
£290°0 86710 TTLT0 £0S0°0 0£S0°0 T€CO0 L¥¥0°0- 6080°0~ 8990°0- S¥¢0°0- 1T 9e30es0y ojjofiujo Jalydupjawy
g 90000 £0TO°0 T900°0- 7S20°0- 78¢0°0- 6¢T0 €0€0°0 ¥100°0- S£00°0- 79000 C “ds wnyyy
M. S800°0- 86000~ LTT0°0- 6T00°0- ¥200°0- 62000~ 95800 91¢0°0- ¥020°0- 60100~ T sUapbAU wnijjy
W §800°0- 86000~ SS00°0- S¥00°0- €€00°0- 8¢CT0 66500 ¥900°0- 9ST0°0- 60T0°0- T winjo3adoiopw wnij|y
M 6110°0 69¢0°0- €6L0°0 15000 T910°0- €120°0- 26v0°0 LTE0°0- €070°0- €1T0°0- 6 wnipujwnob wnijjy
z 89CT°0 €600°0 89000 L1200~ 8%¢0°0- €910°0- 0%20°0- 62€0°0- €8T0°0- 60T0°0- 4 aedulwely #D43J1uojo]s siiso.by
,M, ¥0TT0 T19C°0 18500 8€ET0°0- 0v¥T0'0 0£€0°0 £200°0- 16¢0°0- ¥0¢0°0- 6010°0- T aedulwely 04qpIs siisolby
M ESVE0 0/ST°0 9Tv0°'0 CEE0'0- £020°0- €800°0 TT20°0- 69%0°0- ¥970°0- 68T0°0- € seaulwel D1D1DX3 SIIS0IBY
M S800°0- ¢100°0- §9S0°0 85100 0STO'0- 66000~ CTT0°0- vT0°0- ¥020°0- 6890°0 T seaulwel «WinJo3s1io uolAdolby
m 06€0°0 86000~ 04800 €500°0 €€00°0- 0T000 €L00°0- 0620°0- ¥10°0- LESO'0 T aeysodwo) 051033 11350DY
n%, ¥600°0 86000~ €000~ 8€T0°0- 0STO'0- 9500°0- ¥600°0- ¥¥00°0 TS00°0 96T0°0 T seysodwo) 02nojb s1iasoby
W £900°0 ¢100°0- £S20°0 6500°0- TS00°0- €910°0- 6¥10°0- £900°0- TL00°0- 60T0°0- T aeysodwo) DIDIIUDIND S113SOBY
w“_u €€S0°0 86000~ ovezo 0¥00°0- 0STO0°0- €970°0- 6¥10°0- 89€0°0- €ETO0- 60T0°0- T dejeiqe] oijofionin ayspispby
w ¥0TT0 T19C°0 18500 8€ET0'0- 0vT0'0 0£€0°0 L2000~ 16200~ ¥020°0- 60T0°0- T seadelpodAjod wnyppad wnuplpy
W §¢00°0- 0vST'0 CETO00 80€0°0- CSE0°0- 8¢00°0- 0v€0°0- 9900~ 06¢0°0- ¥ST0°0- 4 aeaselpodA|od S1aUAN-SN|[IdDd WNUDIPY
M L1800 TESCO 6/¥0°0 98T10°0- 90000 2200 68T0°0- £9%0°0- 0620°0- ¥ST0°0- C aedde|ndunuey pignJ bapY
N 08€0°0 TL20°0 8700 9€T0'0 8LT0°0- 9%00°0 06T0°0 98€0°0- €v70°0- €000°0- 9 aeysodwo) wnjjofajjiw bajjiydy
m €IST0 €9TE0 66700 6£50°0- L¥¥0°0- 9€L0°0 8/90°0- 67600~ TTL0°0- 9¢¢0°0- 8T 9e30e40Y opunbau 422y
M 62700 Y1920 6€ETT0 €000°0 [420)0] £850°0 6870°0- TS¥0°0- 88600~ 9550°0- 6C ELEs]=PER win1o1uapIpuDIb 132y
w 06000 T99T°0 S8T00 91100~ S€00°0 020T°0 LOE0°0- LTTO0- ¥810°0- 69¢20°0- 9 2e30el3dyY wniqojb 122y
M 09€0°0- 6¥€0°0- SCE0°0- 78€0°0- 8v70°0- S6€0°0 TZST0 €500 TS00°0- 8v70°0- 0T 9eadeulSe1dAN sub.ibo.f bjuoiqy
W, 0T¥0'0 9€CT0 6S8T°0 62200 €090°0 59800 6550°0- 0£L0°0- €680°0- 9¢¢0°0- 6T aeddeuld 40j0du02 salqy
yueq uoAue) neaje|d doj esaly dopesaly  ooalS spues sado|s spueimo sielq 20 # Ajwey aweN J141udIdS
-weans NI ysiH 1addn Jamol puejdn Mpoy puy puejmon

(£002) T8 1@ YS[oA

SAO[[0] SINIR[OUSWON “UWN[0d Yord 10§ A[ojeaedos paeds SI onjea [[00 AQ ulpeys uoois) *dnoig e ur diysioquowt 9jedIpul GT° ()< SON[PA ‘SOOUDLININO0 ¢ ISBI[ 18 9ARY Jey} $9100ds 10,

*dno1s uonIeod ® Jo stequew put sarads B usamiaq (Jusoyjeod ryd oy Jo sjun ur) senfea Uonewosst asimared urew are senruyjy ‘(8103 s10[d §8% Jo N0 $90uaLmMIN0 J0[d Jo TequInu
.% = 000 # 'sdnoigd sowoads uonIErod 0} sonIULje IPY} puk ‘Yei) Yied [BUOnBN UOIZ 1¥ (6861—LS6T) AoAins uoneiosoa todief] oYy Aq papiodal sorads jur(d 1BmoseA ¢ XIANHIdY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



57

PLANT COALITION GROUPS OF ZION NP

2015]

00¢0°0- 0TL0°0- 12000~ L0€0'0- 0S90°0~ T760°0- £800°0 0100 LETO0 11200 SS seysodwo) 01DIUBPLI] DISIWNY
¢e9r’0 C¢1€0°0 L6T0°0 80€0°0- CSE0°0- 96100~ 0620°0- 0LEO0'0- 86T0°0- ¥ST0°0- 4 aeysodwo) “ds oisiwany
9¢0T'0 2960°0 S6T0°0 T0Z00- 9L€0°0- 97€0°0 19200 T9TT°0 £000°0 6800°0- TS seysodwo) bubisinopn| pisiwially
S800°0- 9T00°0- 08S0°0 ¥S€0°0 L¥20°0 69000 STTO0°0- 91200~ 020°0- 60T0°0- T aeysodwo) opibLf pisiwaLy
9T00°0- 04T0°0- 0¢c0'0- 80€0°0- TEVO'0- 0S¢0°0- 67€0°0- LY€EO0'0- L6¥0°0 68T0°0- € sensodwo) oijofijif bisiwaly
8ETO'0- 09¢20°0- §¢¢0°0- 8/T0°0- 80¢0°0- 16¢0°0- 69000~ 22000~ £220°0- S690°0 4 aeysodwo) snjnaunaobuap bisjwally
LTEO'0- STE00- Tv€0°0- T9€0°0- 2970°0- ¥00°0- TveT0o €CEO00- TL¥0°0- V€E0°0- 14" aeysodwo) S11S3adW) DISIWALY
S600°0- S000°0 [ 24 %0] 8660°0 £000°0 9¥10°0- 8LC0°0- 66€0°0- T1v0°0- €8€0°0 14 sensodwo) p[nasnqJo bisiwally
S800°0- 8600°0- ¥000°0- €000 8/L0°0 T#00°0- £600°0~ v10°0- ¥020°0- 60T0°0- 1 aensodwo) oijofip402 ULy
T€00'0 €6€0°0- 9%90°0- 8880°0- 9860°0- 9¢200°0- TS00°0- TT00°0 T6CT°0 91200 9¢ aeaujweln paindind ppisly
S800°0- 8600°0- 8500°0- 8€ET0'0- 0STO'0- €9T0°0- 0vc00- 8€ET0'0- T000°0- ¢1S0°0 T aeadesaneded pyunw auowabiy
§800°0- 8600°0- £TT0°0- ¥210°0- CET0'0- 87100 64500 65000~ 68T0°0 60T0°0- T aeade|Aydoiie) ojjisnd plpualy
8850°0- L€00°0- TOY0°0- 6900°0- ¢S00°0- ¢0SsT'0 0660°0 TL2T°0 £090°0- 7080°0- Ei4 seaoe||AydoAie) DIUapLbIdbW bLIbUSIY
LTY0°0- €0¢0°0- ¢1S0°0- ¢¢S00- S090°0- L0VT0 088T1°0 80170°0- €1S0°0- ¥S0°0- €C seaoe|jAydoAie) 1ajpuaf blipualy
61760°0- L€80°0- 6560°0- TOE0'0 €680°0 £940°0 LYTT0 CETT'0 €650°0- €10T°0- 6 oseadeoly ojmpd sojAydoisolosy
S800°0- 9T00°0- ¥1¢0°0 0TTO0 TTv0°0 60T0°0- £600°0- 89€0°0- 020°0- 60T0°0- T SBIJEBISIA wn1oulboA wniqoyinadly
6100~ 0220°0- 20200~ €800°0 90700 L¥00°0~ €CT0°0 €00T°0 €8T0°0- S¥¢0°0- S 9B30BISIN Win3p311pAlp Winiqoynadly
0S00°0 €960°0 9600°0 7¢10°0- CETO0'0- ¥500°0- 0vc0'0- 89€0°0- 7020°0- 60T0°0- T SB3JBISIA wnunalqo wniqoyinadly
6970°0 ¢10T’0 €TE0°0 TSTO00- L8T0°0- LT100°0- LT¥0°0- £0S0°0- TEEO0- 68T0°0- € oeddelely DsowadnJ bijpiy
T€60°0- TOE00- 6670°0- 0¥200 Y00 8/T0°0 €LT0°0 6LET0 S6¢0°0 €560°0- 1£4" aetsypniy subuuaiad sigoly
S800°0- 86000~ vL¥0°0 8¢v0'0 S900°0 60T0°0- S€00°0- 0T00'0 7020°0- 60T0°0- T aeJsyoni) pansiiy siqoiy
§S200°0- 899T°0 S8E0°0 8€C0°0- LYT00- 0T00°0 98¢0°0- 99170°0- 0620°0- ¥ST0°0- 4 aeade|ndunuey “ds o1bajinby
0£00°0- S850°0 €910°0- CEC00- 0S20°0- 6T60°0 69¢0°0- 60500~ SSE0°0- 68T0°0- € aedde|nounuey psow.of bibajinby
§800°0- 6LT0°0 LTT0°0- L1200~ 8¥¢0°0- €910°0- 0%20°0- 89€0°0- ¥020°0- 60T0°0- T aedde|ndunuey oyaupsAiyd pibajinby
L180°0 0TTZ0 9.¥0°0 0€00°0- ¢ST00 04200 68T0°0- Y1v0°0- 06¢20°0- ¥S10°0- 4 seaseuhdody | wnjjofiwapsoipup wnuhdody
0vS0°0 LYYT°0 S€90°0 87100 S6T0°0 8€C0°0 £5S00°0- 1¢00°0- 9£¢0°0- 68T0°0- € aeusoduwiod p3pjnsoJ blibuuaiuy
TCT0°0- 6€T0°0- 9€T0°0- ¥500°0- ¢C10°0- 6T00°0 6870°0 67000 €800°0 ¥ST00- C seysodwo) ojjofiniod pLpuuauy
S800°0- 8600°0- LTT0'0- 8€T0'0- 0STO'0- S€00°0- 7€00°0 €900°0- 6ST0°0- 60T0°0- T aeysodwo) ojjAydouojw prpuuUY

yueq uoAue) neaie|d doj esaiy  dopesaiy oIS spues sado|s spuejmo siel4 00 # Apwey aweN di1uddS
-weans LI EY) ysiH Jaddn Jamon puejdn Moy puy puejmon

‘penunuoy) ‘¢ XIANAIdY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

58

€€S0°0 680T°0 98ST°0 #7000 L¥T0°0- 66000~ SLT0°0- T290°0- T¢v0°0- 9€v0°0 S seaulwel snjbwioub snwoJg
§200°0- L¥L0°0 0S00°0 ¢SC0°0- ¢6T0°0- 6TT00 TS¢0°0- €ST0°0- §S00°0- ¥S10°0- 4 aeysodwo) oijofibuojqo pijjax21ig
Z6T0°0- 2600°0- §8¢0°0- ¥€20°0- 0v20°0- L1200 TETO0- €£90°0 0L€0°0 S¥¢0°0- S aeysodwo) ojjAydo.oiw pjjjaxoLg
T€E00°0 €CLT0 8£00°0 €L10°0- CEC00 LL6T0 €STO0 SOTO'0- 91500~ 0S€0°0- ot aeysodwo) oJolfipupib vijjax1g
7800°0- 6ST0°0- SCT0°0- LSE0°0- 0070°0- 9€00°0 TS00°0- TS¥0°0 TSE00 9900°0- 14 aeysodwo) 02juiofijoa blj|2x214g
90€0°0- T9€0°0- 6200°0- 76100 9€¢0°0- 1820°0- £88T°0 L0100~ 0S€0°0- 200~ 6T deaujwels si1o046 pnojainog
¢610°0- 02¢0°0- §8¢0°0- €S70°0- ¥1S0°0- 9T€0°0- 0%S0°0- S6¢0°0- v/.2T0 02200 S sedulwely opodola pnojainog
T¢10°0- 6800°0- 6L10°0- 80€0°0- CS€0°0- 67900 0€00°0- reno- 68T0°0- ¥S10°0- 4 seaujwels bjnpuadi1ina pnojainog
09€0°0 62S0°0 0£00°0 9800°0- £000°0- ¢T00°0 ¢6T0°0- 1100~ 7200~ ¥S10°0- 4 2ea0e|n1ag Sljbuaplas0 pjmag
CLSTO LTTO00 [44%0)0] L1200~ 8¥7¢0°0- €9T0°0- 0%20°0- 89€0°0- ¥020°0- 60T0°0- T QeJajl||pquin 032313 bjniag
S¥200- 95200~ €2S0°0 00¢Z°0 €90T°0 8/C0°0- 80700~ €T00°0 99700~ 6910°0- 8 aeysodwo) 030116DS DZIYIoWDS|DG
S¥¢0°0- 0820°0- €9€0°0- 27900~ TTL0°0- 89€0°0- Ev0°0- 88T0°0- ¥89C°0 0TE00 8 seysodwo) p10IPDIIINW DAS|IDG
76570 CEE00 88000 LLEODO- TEVO'0- 9¢¢0°0- SEE0'0- 6970°0- 6€T0°0- 68T0°0- € aeysodwo) puldl|ps s1bYIILY
T¢10°0- 6€T0°0- 6L10°0- 80€0°0- 7S€0°0- T€20°0- S6¢0°0- €0€0°0- 15200 66000 4 aeaoelpodouayd pjjofiiafuos xajdury
SL20°0- YT€00- L0¥0°0- ¥€90°0- L6100~ L¥¥0°0- 80£0°0- 6¥90°0- 9100 cLeo (o) aeade|podouay) SU9ISaUDI X3|ALIIY
TTE0°0- 9/€0°0- LTTO00 ST80°0 ¢SC00 §900°0 £2L0°0 9/90°0 6500°0- ¢610°0- [44 sesouiwnga siuojz snjpbo.isy
S800°0- 8600°0- §900°0- 0vT0'0 9G€0°0 €9T0°0- SLT0°0- 17000 T19T0°0- 60T00- T aesoujwnga snaJauidqns snjpbo.asy
8€00°0 ¥6€0°0- §¢¢0°0- €970°0 ¥8T0°0- €750°0- LTTO0 ¢STO0 6€80°0 9200°0- LT aesoujwnga “ds snjpbo.isy
€000°0 8TT0°0- €180°0 00€0°0 T0TO'0 S0€0°0- 8€C0°0- LLTO0- 2Ce00- 88€0°0 9 sesoulwnga sisuainid snjpbo.ysy
0920°0- L6200~ G8€0°0- ¥650°0- §SL0°0- S/Lv0°0- 60£0°0- 6090°0- £91C°0 LT€0°0 6 sesouiwngal snupjjjpinu snjpbp.isy
77100 8600°0- LTTO0- 8600°0- 8¥7¢0°0- €9T0°0- 0%20°0- 0620°0- 02200 60T0°0- T sesouiwngal snwissjjjow snjobo.jsy
S800°0- €700°0- 60T0°0 6500°0- 1500°0- 6000°0 SCT0°0 SLT00 ¥800°0- 60T00- T aesoulwnga SNLID3dUD| SNPBL.ISY
§800°0- 86000~ LTT0°0- L1200~ 81200~ €970°0- 0vzo0- £820°0- 81¢0°0 60T00- T sesouiwnga snApjf snjobo.sy
YETT0 €E9T°0 2200 SLEO'O- CLEDO- 100~ £0S0°0- 6090°0- 6¥70°0- 69¢0°0- 9 seysodwo) ysjam 4335y
S800°0- 0S00°0 64900 TSC00 SSE0°0 66000~ LLTO0- 0¢20°0- ¥020°0- 06¢0°0 T aeysodwo) snpjnyds Ja1sy
90600 9T00°0- [44%0)0] L1200~ 8¥0°0- €9T0°0- 0%20°0- 89€0°0- ¥0¢0°0- £020°0 T seysodwo) “ds Jarsy
9STT0 09TT0 SETO00 €L10°0- ¥500°0- T600°0- 68€0°0- STT0'0 7100~ 69¢0°0- 9 aeysodwo) $apoaNp|b Ja1sYy
€6T0°0- ¥9¢0°0- G8€0°0- 67100~ 6€50°0 C¢LE00- 89€0°0- S000°0- 59100 SGS€0°0 6 seadepeldajosy 010J[121342AqNs spJd3|ISY

yueq uoAue) neale|d doj esain  doj esain NI0)21IS spues sado|s spuejmon sie|q 00 # Apwe4 awieN d1313ud1s
-weans ERILEY) ysiH Jaddn Jamon puejdn Mpoy puy pueimon

‘ponunuoy) ‘¢ XIANHAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



59

T COALITION GROUPS OF ZION NP

2015]

6000 8600°0- Z€00°0- 8€T0'0- 0STO'0- 9500°0- ¥600°0- 000 TS00°0 96T0°0 T seadeuenusn winjbjjoxa wnlnojua)
€06C°0 9200 £600°0 80€0°0- C¢S€E00- 9610°0- 0620°0- S¢v00- 8610°0- LT00°0 4 oeaulwels snuidsibuoj snayoua)
SECO0'0 6€T0°0- 6.10°0- ¢SC0°0- 78¢0°0- 96T0°0- EVI0°0- TT¥0°0- L6T0°0- €€C00 [4 aeddewin p30[N2133. S1313)
CLT0°0- SS00°0- %900 88200 T¢TT0 ¥£10°0- 08100~ €000°0 68€0°0- 8100 14 seadeuweyy Huabw snyouna)
S800°0- 8600°0- 9€00°0 6€00°0 €0T0°0 €9T0°0- 0v20'0- 0€00°0- ¥S10°0- 60T0°0- T oeJadniy SI[nb3JsspJI snyupLIN)
S800°0- 8600°0- LTT0°0- L1200~ 8%¢0°0- €910°0- 0¥20°0- 89€0°0- LTTO0- CITT0 T oeJa4dnI) 14adooa snyjuojno)
84170°0- 0E¥0°0 6¥7170°0- 60900~ T0v0°0- €06C°0 T€80°0 §8T0°0- ¥¥50°0- ¢6€0°0- ov seadelie|nydouds bplLqDIS Df3]135DD
TOTO'0- 0CT0'0 0€20°0 62CT°0 81¢0°0 €000°0- £T20°0- T£00°0- 8100~ 1500 L aeasele|nydo.ds oijofilioull bfajji1s0d
95500 09200 98000 96T0°0- 1200~ 22000~ vL10°0 86100~ 09200~ ¥ST0°0- 4 aeadele|nydo.ds bsowoJyd bfajjisvd
80L0°0 00800 S¥00°0- T620°0- 8€C0°0- 80€0°0 STE0'0 TOE00- L¥€0°0- T620°0- L aeadesadA) "ds xaip)
¥5S0°0- 7000 £L20T°0 €SST'0 ¥TT120 T o S0S0°0 78700~ TEVT0- SEE0'0- L9 seadesadA) 11sS04 X310)
04800 S970°0 9/T0°0 LT20°0- 87200~ 62000 86000 €120°0- ¥020°0- 60700~ T aeadesadA) S/[D3U3PIII0 X3D)
S800°0- 6LT0°0 LTT0°0- L1200~ 8%¢0°0- €910°0- 0¥20°0- 89€0°0- ¥020°0- 60T0°0- T seadesadA) bul21I3ISAY X310)
£900°0 T6¥0°0 €070°0 8€ET0°0- #7000 6600°0- 0¥20°0- 89€0°0- ¥020°0- 60T0°0- 1 aeadesadA) 034np X309
05000 L¥S0°0 LTT0°0- L1200~ 8¥7¢0°0- 5700 69100~ 89€0°0- ¥020°0- 90900 1 oeJa4dnI) o1j0fip103 3uiWDP.IDD)
9LSE0 TLEO'O €920°0 L1200~ 8%20°0- €TT0°0- 69T0°0- C€C0°0- LTTO0- 60T0°0- 1 seadelgeuQ "ds pjuossjwo)
TCT0°0- 00T0°0- CTT0°0- 09000 L0100 9000°0- 9EV0°0 Ce0o 01000 S10°0- 4 aeadeideuQ 0[nAIDA DIUOSSILID)
S800°0- 8600°0- LTT0°0- L1200~ 8%¢0°0- 0070’0~ 0¥20°0- 00000 LTT00 60T0°0- T aeadelseuQ obnfiinw bjuoss|wo)
€ST0°0- 62€0°0- ¥£00°0 ££00°0- 6TT0°0- 0v7€0°0- €5950°0 66€0°0 1100 1TL0°0 €C aeaoel|in H1[jb33nu $N340420[D)
09T0°0- T9¢0°0- 20€0°0- 0SS0°0- 97900~ §6€0°0- 79500~ §9€0°0- €0ET0 T/L10°0 L aeddel|n snsonxajf sn31oy20jp)
S800°0- 6LT0°0 LTT0°0- L1200~ 8¥¢0°0- €9T0°0- 0v20'0- 89€0°0- ¥020°0- 60T0°0- T oeaujweln win.ojndods s11s0160WojBD)
S800°0- 9100°0- €560°0 €500°0 €€00°0- 6600°0- 67100~ 89€0°0- 29100~ 90900 1 seaulweln supbnA snwoig
79200 €/80°0- €80T 0- 1810~ €810~ y1¢1°0- 06500~ 0T£0°0 SETTO0 9S1T°0 0€T seaulweln *WN10133) snwiolg
¥¥50°0- %90°0- S980°0- 6€CT°0- 6EVT 0- §S80°0- 06600~ TE€L0'0 089€°0 6€€0°0 34 seaulweln xSuaqnJ snwoug
€SEE0 TL00°0 9¢10°0- L%90°0~ V€L0°0- L0700~ €190°0- £S80°0- 9€€00- CT€00 [0} oeaulwels *SNJpublp snwo.g
§660°0 2092°0 €700 09%0°0~ 9/10°0- LS00 9870°0- §990°0- 0£90°0~ €620°0 [4) seaulweln snjoij1d snwoig
TIST0 8TT0'0 YTLT0 L0TO'0- 91¥0°0- CLEDO- 9S¥0°0- ¥£50°0- ¥€¥0°0- 96100~ 6 seaulweln snpuLIDI snwolg
jueq uoAue) neajeld dojpesaiy dolessaAl  }oonIS spues sado|s spuejmoq s1e|4 200 # Ajwey awen d13uaS
-weans ERILEY) ysiH Jaddn 1amon puejdn Mpoy puy pueimon

‘ponunuoy) ‘¢ XIANHddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

60

S800°0- 8600°0- LTT0°0- LT20°0- 87720°0- €910°0- 0v20°0- ¢120°0- SEC0'0 60T0°0- T SEBJVE|NAJOAUOD *SISU3NID SNINAJOAUO)
S0S0°0- 0.¥0°0~ 9%T0°0- 12800 £LST0°0 800 V1ET0 LLL0°0 9690°0- 98900~ S€ aedoe|ejues b3ojjaquin bipubwo)y
02100 6€T0°0- ¥S0°0 9000°0~ w100~ T€CO0- 9/20°0- 7800°0- 6T00°0 98¢0°0 [4 oeddeluowWa|od SHbaul| blwojjo)
S600°0- LEEO'0 £900°0 67€0°0 0S20°0 9TT0'0 £800°0 €900°0 8/T0°0- 6T20°0- 4 aeadjejuows|od p.ojfipup.b piwojjo)
T¢10°0- 6€T0°0- €CT00 S000°0- 0900°0- §SL0°0 ¥5¢0°0 66T0°0- §SC0°0- ¥S10°0- C aeaoselie|nydosds pJolfiniod pisuljjod
ST€0°0- 09€0°0- 99170°0- 0080°0- ¥160°0- T090°0- 0€80°0- €6€0°0- 8¥¥T0 S¥T0'0 €1 aedoesoy pwissisown. aukboajod
LTTO0 65800 60500 S800°0- €VE0'0 9¥00°0 ¢S¢0°0- ¢SS0°0- SS€0°0- 9000°0~ € 9e3de|NduUNuey bubiquinjos siowaj)
96T0°0- S€00°0 ¥1S0°0 TvL0°0 LYTO0 SETO'0- LEEO'0- 80S0°0- 80€0°0- veeeo 8 seysodwo) H3jaaym winisiy
TT60°0 5600 9200 8£00°0- 82000 ¢S0T'0 7E€V0'0 S£00°0 8€S0°0- 9€20°0 9T aeysodwo) wnojuozio wnisiiy
11200~ 90¢0°0- LEEO0 Z8T0°0 §600°0 ¥€E0°0- TZE00 0S00°0 8€ET00 8TS0°0 9 aeysodwo) SNJo|fipiasin snuwipy10sA1y)
S800°0- 8600°0- Z€00°0- 64200 £860°0 60T0°0- 0€TO'0 r10°0- ¥020°0- 60T0°0- 1 aeysodwo) 1Aipd snuwpyrosAiyd
11700 SEV00- 1TL0°0- 92L0°0- Tv60°0- 78200~ 0tT0 €0€0°0 9€10°0 T800°0- 6€ aeysodwo) SNs0asnpU sNUWDYIOSAIYD
S800°0- 8600°0- LTT0°0- L€00°0- €200°0- ¥0T0'0- ¢110°0- S820°0 S¥00°0 60T0°0- 1 seysodwo) 12u23.b snuwpylosAiyy
Z6T0°0- S¥10°0- T290°0 8T9T°0 S¥€0°0 £TT0°0- L6T00- TL20°0- 09€0°0- ¥620°0 S seysodwo) snssaidap snuwipyrosAiy)
L8700 ¥9€0°0 76500~ 0££0°0~ 7S60°0- 99610 €E6T0 90¢0°0 6¢S0°0- €EVO'0- L aeysodwo) osojjin sisdosAiy)
S800°0- 8600°0- LTT0°0- LT20°0- 8%720°0- £0S0°0 ¥500°0- 0620°0- ¥020°0- 60T0°0- 1 aeysodwo) lisauof sisdosAiyd
Y1100 20000 LTT0°0- 8€ETO'0- 0ST00- €9T0°0- 01200~ STC00- LEO00 S6TT°0 T QeJa34dNI) #DJ[2ud} pIOdSLIOYD
0110 11920 18500 8€ET0'0- 0v¥T0°0 0L€0°0 L2000~ 16¢0°0- ¥020°0- 60T0°0- T aeade|olhd o1jjaGWn bjlydowIy)
00°0 €V6T0 272€00 6€T0°0- §800°0 €900 0T€0°0- 16¥0°0- 09t70°0- S¥c00- S aeaoe|0lAd lisalzuawl ojiydowiyd
S090°0 00T0'0- €86T°0 62000 €020°0- ¥8¢0°0- 65¢0°0- ¥1v0°0- 8€T0°0- 6810°0- € seadelpodouayd muowsa.f wnipodouay)y
67700~ 04T0°0- 0¢¢0°0- 0¥20°0- S£00°0- ¢120°0- <¥00°0 080°0 18800 6810°0- € seadeiqioydny Hajpuaf asAsanwiny)
S900°0- £L2¥0°0- 8TS0°0- S¥00°0 9800 €890°0- 1090°0- ¥150°0- 18000 S80C°0 €C seadelqioydny o1pUIbIDWOqID 3ASIDWDYD
S800°0- 8600°0- S900°0- 0€€0°0 £L80T°0 €910°0- LLTO0- TT00°0 STT0°0- 60T0°0- 1 aeysodwo) s9p102143 pddpdo1any)
S800°0- 8600°0- £TT0°0- LT20°0- 87720°0- €910°0- LLTO0- ¢120°0- 99t70°0 60T0°0- 1 seysodwo) $3pI0IA3]S $130bU3DYD
9850°0- 6070°0- 77900~ €000 80000~ ovTT 0 £TSTO YT1T°0 6TL0°0- §790°0- 144 sepsodwo) lisojbnop s1100uUaDYD
T¢S0°0- 8970°0- 6620°0- (0240} 8850 ¥190°0- 99/0°0- SCT00 S¥80°0- TT70°0- €€ 2e3esoy SNUDJUOW SNAIDI0243)
G€S0°0- 1200 0v7S0°0- §¢v0°0- ¥S20°0- 20€E0 87600 8000°0- C€L00- 17,00~ or aeadesoy SNIDILIUI SNAINI0243)
6¥T0°0- 04T0°0- 02¢0°0- €9¢0°0- TEVO0- 12200~ €0€0°0- 91100~ 0ceTo 68100~ € aeadeuoshjod 143q4ny} 1633s043U3)

jueq uoAue) neaje|d doj esa|n dolesaiN  }ponpls spues sado|s spuejmo sie|qd 20 # Apwey aweN 21313u3ds
-weans ERILEY) ysH Jaddn 1Mol puejdn Aoy puy pueimon

‘ponunuoy) ‘¢ XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



61

PLANT COALITION GROUPS OF ZION NP

2015]

806T°0 TET00 LTT0°0- LT20°0- 87200~ €T1T0°0- 69100~ £820°0- 6€00°0 60T0°0- T seaulweln p1p2Ids sijy21sIq
¥610°0 142400 €900 T800°0- ¥00°0 §990°0 LEEOO- 8100~ TTv0°0- 6T20°0- 14 wndipaAyopiy wniodsiq
€0T0'0 9100°0- £8L0°0 STTO0'0 0STO'0- €910°0- S910°0- 6£20°0- ¥020°0- 60700~ T aeJapniy *D1ydos piuipinasaq
¥120°0- 0¢S0°0- 9TT0'0 8850°0- 95500~ 6180°0- ¥6170°0- €TL0°0 9TLT0 L€00°0- 8T 2eJadni) pipuUId DIUIDINISAQ
S800°0- 86000~ 9200 00S0°0 9£00°0 S¥00°0- £000°0- 10°0- ¥800°0- 6400 T oeJadnI) D2JULOfijI DIUIDINISAQ
Tv10°0- 2¢LT0°0- 0t700°0 01500 17L0°0 €620°0- 6TT10°0- 69100~ 6€€0°0- 19000~ L seade|ndunuey wnupljipnu wnjulydiaq
S800°0- 8600°0- £000°0 6TT0°0- 8¥¢0°0- €800°0- v0T’0 ¥1v00 90700~ 60T0°0- T aeaje|nounuey 1luosiapup wnjuyadjaq
€200 €£00°0- 8€ET0°0- CEE00- vL€0°0- ¥820°0- LT¥0°0- §650°0- 90€0°0- 6¥00°0- € oeddeue|os 11ybum pinipg
STE00- 09€0°0- 100~ 0£50°0- 6¥90°0- §950°0- 88900~ LECO0 €TCT0 94000 €T sesoulunga d0Is|1bas ba|bq
98900 0200°0- 89€E°0 60000 6¢10°0- TECO'0- TT20°0- 99%0°0- 6€20°0- ¥ST00- 4 seaujweln »D1013WOb sIjA120Q
16900 ¥8TE0 9200 99€0°0- 0910°0- €€80°0 T1€0°0- LYS0°0- S0S0°0- SST00 9 aeadelpodAjod Siibo.f s1433d03sAD
S800°0- 86000~ LTT0°0- L1200~ 8%¢0°0- €910°0- 0¥20°0- 1200~ 66700 €ETO00 T QeJa4l|Pquin “ds snuardowAd
6€€0°0- 88€0°0- TSE0°0- €TL0°0 €6CT°0 801700~ 9G€0°0- L6¥0°0 €EE00 0vco0- ST seJal|pquin snaindind sniaydowAd
S800°0- 86000~ £000°0 6TT0°0- 8¥20°0- €800°0- 01’0 ¥1v00 90100~ 60T0°0- T QeJal|pquin 1A113gmau sniaydowA)
S800°0- 8600°0- LTT0°0- LT20°0- 8%¢0°0- €910°0- 0¥20°0- 89€0°0- LTTO0- SSTT'0 T 2eaoeyqinon) bwissipi1a0f p3IqININD
6€90°0- 9.L0°0- 9%£0°0- 96£0°0- ¢6T1°0- 96S0°0- 11200 LTETO S80¢°0 92000~ 09 aeadeulselog (lenuue) “ds pyaupdAid
$800°0~ 86000~ LTT0°0- 8¢00°0- 8%¢0°0- €910°0- 0¥20°0- S600°0- TTT0°0- 60T0°0- T seadeulselog sijiwny oyuoidAid
TZT0°0- 6€T0°0- TETO'0- 2SC0°0- 78200~ T€C00- 18200~ ¥820°0- T€00°0- 98700 4 aeadeulgelog la|puaf byrupidAiD
6970°0- €070°0- €890°0- L€90°0- 1690°0- /6070 £880°0 ¢STT0 0,00 TSE00- 1€ aeadeulse.log 0.0}f1142fu02 DYIUDIAAI)
6¥10°0- 0£T0°0- 8/10°0- ¥020°0- T0E0°0- €7C0°0- €500 LETO'0- L¥20°0 8T00°0 € aeadeulselog DSSIOSWN24ID DYIUDIAAID
SCEO00- 86€0°0- 92200~ €00~ 99¥0°0- LSTO0- 90 89€0°0 LLTO0- 79100~ LT aeadeulselog DaJauld pYULIdAID
9200 09200 90v0°0 TLTO00 99100~ S900°0- T0T00- 9000°0~ ¢e0°0- TT70°0 [4 aeysodwo) “ds sidap
T¢10°0- 6€T0°0- 6¢T0°0- CIT0°0- C120°0- 76000~ €V70°0 S800°0- 9ST0°0- ST0°0- 4 sepsodwo) oipUIUNI SId2.1D)
§800°0- 8600°0- LTTO0- 6500°0- €0TO0 010°0- £600°0~ ¥1€0°0 1ST0°0 60T00- T aeysodwo) $IpU3PI220 Sida.)
6¥10°0- 04T0°0- 8L10°0- €000°0- €6T0°0- 8T00°0 08500 0STO'0 8TT00- 68T10°0- € seysodwo) p3oUINID SIda1D)
0S00°0 €960°0 96000 ¥2T0°0- CET00- ¥500°0- 0%20°0- 89€0°0- ¥020°0- 60T0°0- T 9edeulo) 0331435 snulo)
§800°0- 8600°0- LTT0°0~ 8ETO'0- 0STO'0- €910°0- 0%20°0- 6990°0 0€E00 60T00- T seadele|nydo.ds “ds snyaupjAp.od
[42000y 0v¥0°0- €6€0°0- 0€00°0 S¥10°0 §590°0- 69€0°0- CLL00 S¥20°0 ¢L00°0- 61 aeadelie|nydouds nbupy snyyupjhpiod
yueq uoAue) neale|d doj esain  doj esain Nooa)dIIS spues sado|s spuejmo sie|4 00 # Apwey awieN 21313uds
-weans NI ysiH Jaddn 1Mo pueidn Aoy puy pueimon

‘ponunuoy) ‘¢ XIANAddy

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

62

€TCE0 CETO0'0 £600°0 80€0°0- CS€0°0- T€C00- 0v€0°0- 99%0°0- 09¢0°0- ¥STO0- 4 aeade}asinby wnypbinap| wnyasinb3
YwLED €09T°0 CLED0 LESO'0- T0S0°0- 06T0°0- 9v0°0- C180°0- cy00- [4240)0] 8 9eaoeasinby 3[pwaAy wnyasinby
9LSE°0 TLEOO €920°0 LT20°0- 8¥7¢0°0- €TT0°0- 69T0°0- C€C0°0- LTTO0- 60T0°0- T aeaoelasinby asuanip wnjasinby
S800°0- 6LT0°0 LTT0°0- L1200~ 8¥7¢0°0- €970°0- 0vzo0- 89€0°0- ¥0¢0°0- 60T00- T 2e32epiyaio 0a1ub16 sioodid3
€0T0°0 9100°0- £8L0°0 STT00 0STO'0- €9T0°0- S9T0°0- 6£20°0- ¥020°0- 60T0°0- T aeaoeudeuQ “ds wniqojidy
09€T°0 STCT0 0690°0 9820°0- 87000 ¥0v0°0 09000~ LT¥0°0- SSE00- 9000°0- € aeadesseuQ wnso[npup|b wniqojid3
£0L0°0 6881°0 L6¥0°0 9820°0- §S00°0- 0Cv0°'0 €5¢0°0- S6S0°0- SS€0°0- §CC00 € aeadeugeuQ wnyolyi> wniqojidy
06€0°0 0€8T°0 £810°0 98¢0°0- LTEO0- 85000~ 0T10°0 19100~ TEE00- 68T0°0- € seadeugeuQ wndipaAys0iq wniqojidg
€0€0°0- 99€0°0- 99%0°0- 9C€0°0- 65700~ 9Sv0°0- €ST0°0 0€L0°0 ¥020°0 STC00- 9T seadespaydy sipliin bipayd3
¥L€0°0- ¥6€0°0- ¥550°0- ¥580°0- 8880°0- 0€90°0- ¢/80°0- 16000 LESTO 8/¥0°0 8T aeadelpayds SISUapoAAU DIpaYd3
CLT0°0- L6T0°0- §5¢0°0- 9€¥0°0- 66700~ 8C€0°0- TS¥0°0- €850°0- 086T°0 S.¥0°0 14 aeysodwo) suaosaqn.f pijasug
60vC°0 86900 628T°0 ¥¥20°0- €0S0°0- 66€0°0- TS€0°0- V€€0°0- V€E0°0- ¥00°0- 0T seaujwels sninpaAyopay snwA|3
§S00°0- L9100~ 9€C00 9TT00 £200°0 €6T0°0- TL20°0- S6T0°0- 8700°0- /00 9 seaujwely snyooids snwihj3
§800°0- 86000~ 1600°0- 66000~ 00TO'0- TTT0°0- 9¥00°0~ LLTO0- 6€T0°0- 60T0°0- 4 seaulwel “ds snwiA|3
L2T0°0 04T0°0- €850°0 60€0°0 6TT0°0- STT0°0- S8T00- 0C0°0- 1700~ 6¢61°0 € sesujweln nynws snwA|3
S800°0- €700°0- LTT0°0- 6500°0- TS00°0- €500°0- 9200°0- 9¥10°0 91100~ 60100~ T oeaujweln «Snpidsiy snwiA|3
¥T€0°0- L¥20°0- 90¢0°0- ¥£20°0- 9€S0°0- TvT0°0 €ETO0 66000 €¢60°0 9100 85 oeaulwels saplowihja snwih|3
[4744] £9TT0 18500 LSEO00- ¥S20°0- 79000 0L10°0- 9TS0°0- 9¥€0°0- 6120°0- 4 seaujweln SIsuappupd snwA|3
C¢LSTO LTTO0 ¢CT00 LT20°0- 8%20°0- €910°0- 0¥20°0- 89€0°0- ¥020°0- 60T0°0- 1 aeaoesadA) Hysiiod s11py203]3
C¢LST0 LTTO0 2CT00 LT20°0- 8720°0- €910°0- 0¥20°0- 89€0°0- ¥020°0- 60T0°0- 1 aeadesadA) slasnjod s1ipy203|3
LLEOO- ¥6€0°0- 8870°0- CEC00- 8.¥0°0- S900°0 80900 00€T0 €00T°0 L0¥0°0- [44 2eadee) SN30IPIYI0|6LIY SN343I0U1Y23
6220°0- T9¢20°0- 20€0°0- 0¢S0°0- 8850°0- £920°0- LV€0'0- 29700 86600 66000 L sedoepe) Huupwijabua snasasoulysy
LT80°0 TESTO 6.¥0°0 98T0°0- 90000 ¥2200 68T0°0- £L9¥70°0- 06200~ ¥S10°0- C aeaoe|podAjod sow-xijif sliaydoAig
S800°0- 86000~ 87700 07000~ ¥T00°0 €TT0°0- 0S00°0 9TC0°0- 0TTO0- £020°0 T aejelqeT wnJojfiniod winjpydasodniqg
68T0°0- ST90°0- LELOO- S¥.0°0- 9180°0- ¥0L0°0- Tv10°0- £980°0 S6SC°0 L1200 ot QeJa4dni) #PUJaA DGLIg
6000 8600°0- Z€00°0- 8€T0'0- 0STO'0- 9500°0- ¥600°0- ¥¥00°0 TS00°0 96100 T 2eJa4dNI) ojjofiauna pqoig
100~ 60VT°0 STT0°0- £900°0 20800 89070 14600 v¢100 €780°0- 91500~ €€ QeJa4dni) pjja.dso pqoiq
S200°0- £8€0°0 S200°0- 9800°0~ €¢T0°0- 8010°0- 0t7€0°0- 69170°0- 06200~ ¥S10°0- 4 aedde|nwilid wnjjayajnd uoay1papog

yueq uoAue) neale|d doj esan  doj esain N20)21IS spues sado|s spuejmon sie|q 00 # Apwe4 awieN 21313ua1s
-weans ERILEY) ysiH Jaddn 1amon pueldn Mpoy puy pueimon

‘panunuoy) ‘¢ XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



63

PLANT COALITION GROUPS OF ZION NP

2015]

76T0°0- 0¢¢0°0- €¥20°0- 09000 STS0°0 L1200~ L2100 81500~ 8€0°0- ¥1v00 S seadeigioydn3 0422AY20.q Digioydn3
9700 CT9€°0 0€90°0 S9€0°0- 75000 6710 T6€0°0- 0£90°0~ 60£0°0~ T800°0- [4) seysodwo) wnasnguay wniiopdng
£2S0°0- £820°0- STE00- 69€0°0 00100 9£00°0- T09T°0 ¥902°0 0v€0°0- SLL0°0- 9 aeJa4dni) wnuadso wnwsfiz
TT20°0- 7870°0- L0¥0°0- 6090°0- 99£0°0- 88770°0- 877.0°0- 0T60°0- LLTT'0 §98C°0 [0} 9edde|UBIDD *WNLIDINJID WNipo.3
TCT0°0- 6€T0°0- 6L10°0- 80€0°0- CSE0°0- CEE00 80¢0°0- 9S€0°0- 860T°0 66000 C oeaulwels wnsoyid uoinauouy
¥920°0- ¥£00°0 S¥10°0- S800°0 00200~ 79800 LYPT°0 €700 S0€0°0- 78€0°0- TC aeadeuosAjod wnipjjaquin wnuobol3
6¢¢0°0- 19¢0°0- 6€€0°0- 0€¥0°0- SL¥0°0- L6200~ 20000~ 79100 €€E00 1620°0- L seadeuosAjod "ds wnuobolg
€5¢0°0- LTS00 ¥76€0°0 20€0°0 8€00°0- ¥0£0°0 T00T°0 0660°0 8680°0- 16¢0°0- 6S aeadeuodA|jod wnsowa0. wnuobou3
6€€0°0- 69€0°0- €0S0°0- 6LL0°0- £6L0°0- 9/¥0°0- 6TL0°0- 9T€00 SLTT0 26000 ST seadeuosAjod wnupliaw(od wnuoboli3
06¢0°0- S0€0°0- S¥¢0°0- 6150°0- 6850°0- 8L€0°0- 80%0°0- S%90°0 759900 6TS0°0 ST seadeuosAjod wnoayjo.o1w wnuoboli3
SL20°0- S900°0- T9€0°0- 20S0°0- €550°0- [4434] 99t0°0 69700~ 8EE0'0- 0S€0°0- 0T aeadeuosAjod lisawp[ wnuobou3
6¥10°0- 04T0°0- 02C0'0- LLEOO- TEV00- ¥8¢0°0- T8€0°0- 6570°0- £S9T°0 07900 € seadeuodhjod wmojfur wnuoboug
§800°0- 8600°0- LTT0°0- 61000~ ¥200°0- 6200°0- 95800 9TC0'0- ¥020°0- 60T0°0- T seadeuosAjod $apl0ajopIay wnuoboug
6v10°0- 04T0°0- 0220°0- 8CT0°0- €¥00°0 90200~ 0810°0- 87.0°0 11200 68T0°0- € aeadeuosAjod wnyp[najasof wnuobolg
8L¥0°0- €0S0°0- 765S0°0- ¥550°0- 19L0°0- 0T€0°0- 66€0°0 LTTCT°0 VEET'0 6L€0°0- [43 seadeuosAjod luospiapp wnuoboli3
§800°0- 8600°0- LTT00- LTC0°0- 8720°0- €910°0- ¥220°0- 1S¢0°0- LETO0 £S00°0 ¥ aeadeuodA|od wnsoquiAi0d wnuoboli3
17200~ L¥10°0- 2200~ SCT00- 8T10°0- 91200 L¥0C°0 L6200~ 16¢0°0- 69¢0°0- 9 aeadeuosAjod wnyojp wnuobou3
0950°0- 8850°0- €TL0°0- 1890°0- 00£0°0- ¥420°0- ¥9v0°0 9vCT0 CrET0 T¥€0°0- 144 seysodwo) sisuayoin uoiabliy
EVT0°0 9¥00°0 8EST0 0800 6/¥0°0 ¥ST00- 8C€0°0- ¥£€0°0- 60700~ 2200 9 aeysodwo) snso12ads u0.abli3
¥/£90°0 9¥¢0°0- 9TC0°0- 09500 €500 TL20°0- 69500 [44%0)0] 96T0°0- €8T0°0 1 aeysodwo) “ds uosablig
92v0°'0 799T°0 £8T0°0 S¥10°0- ¥£00°0 LTTT0 11200 8S€0°0- £8€0°0- 61¢0°0- 14 seysodwo) siuols uosablig
§800°0- 86000~ £000°0 ¥8¢0°0 €€C0°0 62000 79000 8€ETO'0- T000°0- 60T0°0- 1 aeysodwo) snoibjjaJ uoiab3y
S800°0- €700°0- £TTO'0- 6500°0- TS00°0- €500°0- 9¢00°0- 9vT0°0 91100~ 60T0°0- 1 seysodwo) snjiwind uoJabli3
°LyTo S880°0 ¥8T0°0 ¢SC0°0- ££00°0- [440)0] €0T0°0- LTT0°0- 8610°0- ¥ST0°0- 4 aeysodwo) S14pjjabo}f uosabli3
0L10°0- €6€0°0- SS0°0 €LT0°0 STT0°0- £8S0°0- 80€0°0- €020°0 T#00°0- £600°0- LT aeysodwo) suabianip uoiabuy
9T€0°0- 65200 Z6T10°0- TETO00- 89T0°0 8EET'0 86TT°0 60¢0°0- 6TL0°0- 8¥70°0- 91 seysodwo) 1upbUPI U03b1I3
0S20°0- 09€0°0- 99%0°0- 0TL0°0- ¥160°0- S6v0°0- 89S0°0- 1200~ C¢SLT0 19500 €T oeadejuows|od wnJojfisinds wnJjspli3
6¢¢0°0- 19¢0°0- 6€€0°0- 0SS0°0- 9290°0- L1¥0°0- S6€0°0- §600°0 8500 79000~ L deddejuows|od wnojwalia wnijsoli3

jueq uoAue) neaje|d doj ess|Al doless|N  Yoon)dlS spues sado|s spuejmo sie|q 00 # Ajiwey QWeN J1413u3ids
-weals ERIN V) ysiH Jaddn 1Mo puejdn Moy puy puejmon

‘ponunuoy) ‘¢ XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

64

S800°0- 86000~ L2T0°0- 8€ET0°0- 0STO'0- 90100~ 0¥20°0- TSTO'0 ¢LL00 £020°0 T aeysodwo) snjjofiauioj] snddpdojdoy
€80T°0 T800°0- §SC0°0- L6€0°0- 6v70°0- 8£20°0- TT¥0°0- 6690°0- 20¢20°0- E€VCT0 14 aeysodwo) sI120.46 snddodojdo
S800°0- 86000~ LTT0°0- £ST00 9LET'0 €910°0- ¥.10°0- ¥620°0- ¥020°0- 60T0°0- T aeysodwo) sapiolawp snddodojdoy
C6T0°0- SCT0°0- TT70°0 £S00°0- 0TTO'0- 60T0°0- €€00°0 08T0°0 9%10°0- 61200 S aeadeulgelog suajnd plja3o0H
9800°0- 7960°0- €70T°0- YITT0- 06ST°0- ¥860°0- 9690°0- 04900 LT8T0 68600 6 aeysodwo) ‘dds pizaiia1no
S800°0- 8600°0- LTT0°0- L1200~ 8%¢0°0- €910°0- 0¥20°0- 89€0°0- LTTO0- 6v70°0 T seysodwo) bso.ipnbs pijapulio
0v0°0 TETTO 7880°0 9£00°0- 69€0°0 09200 ¥£€0°0- 0690°0~ 09%0°0- S¥¢0°0- S 2e32epIyalo ojjofibuojqo 1aApooo
S970°0 ¢S0T'0 T€E00'0 S0€0°0- 9%€0°0- 04800 S870°0 Z8T0°0 €000°0- TEE00- 6 aeysodwo) myblm wnjjoydous
¥TT0°0 20000 LTT0°0- 8€T0'0- 0STO'0- €910°0- 0¥20°0- STC0°0- LE000 S6TT0 T sesoujwnga pjopida] bziy1iAA|9
S800°0- 8600°0- 7000 6500°0- [400] €910°0- 69200 T€E00'0 70000 60T0°0- T deddejuows|od wn.o[ndods pijIo
¥850°0- 69600~ ovTT 0~ €960°0- 9TTT'0- 620T°0- STS0'0 €IST0 895C°0 LETO'0- 78 deddejuows|od onojdsuodu! bifI9
¥0TT0 11920 18500 8€T0'0- 0vT0'0 0L€E0°0 £200°0- T620°0- +020°0- 60T0°0- T seddejueldn Hluospaoyd11 Wnjupian
£020°0 2L20°0- 08€ET0 LLLOO 8€C00 9070°0- 69€0°0- 0L£0°0- 9T€0°0- SZT00 vT aeadelseuQ “ds wmAydoAos
S800°0- 8600°0- LTT0°0- L1200~ 8%¢0°0- €910°0- 0¥20°0- L8200~ 96CT°0 6%20°0 T seadelseuQ D3U2202 PINLYH
09¢0°0- 9¢¢0°0- CEC00- SETO'0- 00€0°0 95¢0°0- 0€00°0- 9L€0°0 €9€0°0- TEE0'0- 6 aeadehuen suaosano|f pAiivo
29500 9T9C°0 E€V0'0 0T€0'0- 96T0°0- 69T0°0 SLEDO- 0¥€0°0- /4100~ 6120°0- ¥ aeddeigny wnJopfiiy wnijpo
9200 06800 €000°0 7SC0°0- 6€00°0 90v0°0 9000°0- ZET00 6100~ ¥ST00- C aeaddeiqny wnpifiiy wnipo
S800°0- 86000~ §900°0- 0v00°0- ¥T00°0 €910°0- 0200°0- 88L0°0 £000°0 96T0°0 T aeaddeiqny “ds wnipo
6%20°0- 02S0°0 €8T0°0- 6500°0- TZT0°0 €560°0 0C€00 T60T°0 STL0°0- £SS0°0- 8¢ aeddeiqny winJolfiynw wnijpo
L¥20°0 %000 T8TC°0 79€0°0 0€TO'0- S810°0- S810°0- 90€£0°0- 0620°0- TTv0°0 4 seaoelgny wnjjofiq wnijpo
06200 L7200 LT¥0°0 T6T0°0- S6T0°0- 2020°0- SLT0°0- 86T0°0- 08T0°0- Y100~ 9 aeddeiqny aulipdo wnjjp9
02000 8900°0- 6L10°0- ¢SC0°0- 78¢0°0- T€C0'0- 07€0°0- €T¥0°0- 0€80°0 0££0°0 4 aeysodwo) opifipouurd ipioj|I0D
09¢20°0- €ST0°0- S€C0°0- §200°0 66T0°0- 64T0°0- 42450} 000 9/20°0- S220°0- 6 pa.ndindo.ip pLiDj|131i4
798T°0 €920°0 0€TO'0- 96%0°0- 9¥50°0- €TE00- 8.¥0°0- 8€90°0- 6¥€0°0- 69T0°0- 9 oea%e’|0 buinjan snuixoid4
0¢S0°0- 2600°0- TLS0°0- 02000 ¥280°0 €8T0°0 ¥020°0- 80vC°0 TEVO'0 88500~ 14 2e3de3|0 bjbwoub snuixpi4
6970°0- 6180°0- 9%60°0- €CIT0- L9YT°0- 69000~ €660°0 £S90°0 08¥C°0 69T0°0 YL deaujwelo 040[f0300 DIN}SI4
S800°0- 0€00°0- LTT0°0- SETO0 €700 89T0°0 0¥20°0- 9000 ¥020°0- 60T0°0- T aeadeselyixes sisuayoin oj|a.3[pud4
S800°0- 8600°0- L2T0°0- 0200°0- 8%¢0°0- €910°0- 0¥20°0- €6¢0°0- G€00°0 T99€°0 T sesdelqloydng bypojny10ds pigioYdn3

yueq uoAue) neaie|d doj esaiN  do] esay N0)d1IS spues sado|s spuejmon sie|d 00 # Apweq aweN d141udIdS
-weans VINID) ysiH 1addn 1amol puejdn Aoy puy pueimo

‘ponunuoy) ‘¢ XIANAddy

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



65

PLANT COALITION GROUPS OF ZION NP

2015]

T210°0- 8200°0- 82900 60000 62T0°0- 9TTO'0- €220°0- 92€0°0- EY10°0- 7SE0°0 [4 aeadeulselog sijp1uapi220 bjnddo]
T2L0°0 08LT°0 91500 9¢T0°0- 60T0°0 78100 LT00°0 6S€0°0- €¢C0°0- 69000 C seysodwo) 0214010} DINJIDT
S8T00 €700 99700 £8€0°0- T¢S0°0- €€C0°0- 29900~ 9€80°0- S¥00°0- LETTO €1 aeysodwo) %D]011435 DINJIDT
58000~ 8600°0- Yv€0°0 6S€0°0 SECO0'0 60T0°0- 7S00°0 LTC0'0- 6STO0°0- 68900 T deaulweln DYIUDIIDW D113|30)
60T0°0 VET0'0 vSLT0 60700 6€S0°0 €8¢0°0- 04T0°0- T9%0°0- SLLO°0- 8100~ |4 aeaoessaidn) wnJojndods sniadiunf
9/0T°0- €LTT°0- 8SCT'0- 8T€0°0 92200 98¥T°0- 79%0°0- 898T°0 90LT°0 15200 STT aeaoessaidn) bwiiadsoalso sniadiung
9/S€0 TLEOO €920°0 LTT0°0- 8%720°0- €1T0°0- 6910°0- C€C0°0- LTTO0- 60T0°0- T aeadeaunr sinuaj snaunfg
08SC°0 TT90°0 Y00 ¢SC0°0- 9910°0~ 0STO'0- 06¢0°0- SZv0°0- 8CC0°0- ¥ST0°0- 4 aeaoeaunr snijofisua snaung
€0T€0 2SS0°0 SCEO00 LLEOO- TEV0'0- €¥T0°0- 08T0°0- TL¥0°0- S0€0°0- 68T0°0- € aeadeaunr $N24324b snaunf
8€S0°0 vyv10 £000°0 7SC0°0- 78¢0°0- 90200 0620°0- 99%0°0- 09¢20°0- 7SE0°0 4 seadeseljixes DUDIIIBWD DISIWD[
6¢¢0°0- S0TO0 ¥820°0- 8T€E0°0- £820°0- €69C°0 ¥65S0°0 €LE00- SEVO'0- 16¢0°0- L 2e3esoy bsojnqps bisan|
99700 86000~ £LTT0°0- LT20°0- 8¥7¢0°0- €9T0°0- 0t7¢0°0- 89€0°0- LT10°0- 60100~ 1 aeysodwo) SHD[IXD bA]
¥200°0- 0£00°0- ¥TT0°0- L¥20°0- 69T0°0- STE00 LL2T°0 96€0°0 S6€0°0- LT¥0°0- T 2eddejuowsa|od p3sabuod sisdowod)
¢T10°0- 02¢0°0- 6700°0- YYET0 T7S0°0 76¢0°0- €700°0 SEVO'0 9/T0°0 £200°0- S 2eddejuows|od 030632.466p sisdowod)
¢610°0- €810°0- €€00°0 96T0°0- T620°0- €9¢0°0- 06€0°0- S8T0°0 9/L0°0 0£0T°0 S aeysodwo) 11adooo sAxouawAHy
Tweoo- 60€0°0- 7100 820°0- vET0°0- £L00°0- 7SE€T0 8700°0- 18€0°0- 89€00- | TT aejisodwo) snijofijif snddodouawAy
§200°0- €LST0 ¢EV00 0€TO0'0- S9T00 [44=(0)0] 15200~ 6S€0°0- 0620°0- 79100~ C aeaoe||AydospAH 3|03u3p1220 wWnj|AydoipAH
S800°0- 8600°0- S900°0- 6TT00- 87720°0- 2L00°0 08v0°0 6%00°0- v00°0 60T0°0- 1 seaulweln “ds wnapioH
S800°0- 8600°0- LTT0°0- 0200°0- 8%720°0- €910°0- 0¥20°0- €6¢0°0- S€00°0 T9SE0 T deaulwel *xwinulnw wnapioH
TCe00- LV6T0 £200°0- 80€0°0- 9¥00°0~ 8L0€0 ££00°0 8EV0'0- 1¢60°0- 9G9€0°0- 174 aeddesoy snsownp snasipojoH
0TSO0~ S£90°0- €890°0- 8ETT'0- 79¢T°0- T£80°0- S6TT°0- 20v0°0 £L0ST0 08¢T°0 184 sesulweln “ds pLDjIH
S800°0- TETO'0 §S00°0- S¥00°0- €600°0 LTEOO ¥¥£0°0 8ETO'0- 9ST0'0- 60T0°0- T seysodwo) Lajpuaf wnooialH
£000°0- €ESTO0 9/¥0°0 6T00°0- 78€0°0 vwLT0 76¢0°0- T9%0°0- 60£0°0- 76200~ [4) aeadeselyixes suaasaqni biayonaH
T¢10°0- 6€T0°0- 1200°0- 6€ST0 0980°0 S8T0°0- €6T0°0- 6900°0- 0620°0- ¥ST0°0- 4 aeysodwo)d Hj1b3aNu snyupl|aH
T¢10°0- 6€T0°0- 64T0°0- 89T0°0- 7S€0°0- T€C00- 0v€0°0- 8970°0- 8500°0- OTEE0 4 aeysodwo) snjowoub snyaupljaH
£S00°0 6€T0°0- 64T0°0- 80€0°0- CSE0°0- T€CO0- 0v€0°0- ¢¢S0°0- 99T0°0- 200 4 aeysodwo) snnuup snyubliaH
S800°0- 8600°0- 8500°0- 00€T0 T970°0 66000~ S910°0- ¢S00°0- T910°0- 60T0°0- 1 aeysodwo) sinJauanbuinb ojjayunijaH
STS0°0- §S00°0- 60S0°0- ¥2E0'0 SSC0'0 9%00°0 TTL0°0 0810 8€V0°0- 0290°0- w aeysodwo) wnJojndods snddodojdpH

jueq uoAue) neaje|d dojesaly dopesalNy  YoonplS spues sado|s spuejmor sie|q 20 # Apwey awep 21313u3s
-weans 1IN ysH Jaddn 1Mol puejdn Moy puy pueimon

‘ponunuoy) ‘¢ XIANIAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

CSE0°0 ¥900°0- LE6TO 9€v0°0 9T00°0 6620°0- ¥620°0- 8€80°0- 9€S0°0- 76900 6 sesouiwnga snaolas snuydng
TCT0°0- 6€T0°0- 9€00°0- /00 20000~ T€C0°0- v10°0- 9.10°0~ 9€T00 ¥ST0°0- C aesoulwngan nbupy snutdn
S800°0- 8600°0- LZT0°0- L1200~ 8120°0- 9500°0- €ETO'0 TvT0°0 T2L00 60T0°0- T aesoulwnga snuuuod snuidn
CLT0°0- L6T0°0- §S¢0°0- 86¢0°0- 6vv0°0- €0€0°0- 9/€0°0- 79100~ 65900 6T20°0- 14 sesouiwnga SIINp2IA3.q snujdn]
§800°0- 86000~ LTT0°0- L1200~ 8¥¢0°0- 9500°0~ 90100~ £S00°0 €060°0 60T0°0- T aesoulwngan snajuab.io snuydn
Z910°0- S0€0°0- 0S€0°0 TCET0 68€0°0 89200~ 09200~ S9T0°0- 80€0°0- 0%700°0 [4% aesoujwnga sisuayoin snjoq
€9€0°0- /€00~ ¥1S0°0- ¥2S0°0- 0090°0- 88T0°0- €6€0°0 080T°0 ovT0 TLT0°0- LT sesoulwnga snjaqajd snjo7
T120°0- ve00- S8¢0°0- S€C0°0- 6€¥0°0- 6L€0°0- €1S0°0- LLTO0- 79200 6871°0 9 sesoulwinda sN3pN2I1Uap sno7
S800°0- 8600°0- LTT0°0- 8€T0°0- 0ST0°0- S€00°0- €000 €900°0- 6ST0°0- 60T00- T deJal|pquin “ds wnipwo]
§800°0- 890T°0 €T70°0 S¥00°0- 95200 6970°0 0%20°0- 06¢0°0- ¥020°0- 60T00- T seldjlpquin SU3j0aADIH WnjpWoT]
00000 £900°0- 080T°0 8S€0°0 S€00°0- 69¢20°0- 9620°0- ¥S€0°0- 68€0°0- 6TC0°0- 14 aesdljvquin win3a3ssip winipwol
90000 0800°0- 0890°0 98€0°0 £200°0- 0ST00- STT00 €€00°0- 1100~ 27500 C seadeuldelog 3|piapnJ winwiadsoyyy
T¢T0°0- 6€T00- TETO00- 92000 9/S0°0 T€C00- 9%20°0- £900°0 66000 £LT00°0 C aeadeulselog wnspul wnwiadsoyi
£900°0 Z100°0- £ST0°0 6500°0- TS00°0- €970°0- 6¥T0°0- £900°0- T£00°0- 60T00- T seadegeljixes wnjjauay bwboiydoyy
YET0'0- TL00°0 §S¢0°0- €EE0°0 C¢LEOO 6970°0 TSC0'0 66900 86T0°0- 0£00°0- 9 aedoeun xaUuaiad wnury
§9¢0°0- SEE0'0- S870°0- 9990°0- ¥8L0°0- SLTO0- €£00°0- 00%70°0 €79T°0 00000 1 aeadejuows|od snwojoydip snyyuoury
0600°0- LT90°0 7600°0- 60€0°0- 0TT0°0- 79/T°0 09.T°0 STE00 1890°0- €EV0°0- 6T oeadejuows|od Hjjp1INu WinJysbyaupul]
S800°0- 8600°0- £TTO0'0- Z¥00°0 9/00°0 S¥00°0- 01200 61100 €000 60700~ T oeddel| wnupjuow wnulido3na7
SL20°0- 96T0°0 6¥10°0- TT€0°0- 8¢C0°0- CELO0 08000 60200 ¥£00°0 0S€0°0- [0)2 deddejuows|od Hluosom uojAopporda]
96T0°0- TSS0'0 €TC0°0- 9€00°0 S0TO'0 09TC°0 19200 €TT0°0- 6870°0- (430N 8 oeadeluows|od suabund uojAopoydai
06€0°0 8600°0- 0£80°0 €500°0 €€00°0- 0T00'0 €£00°0- 0620°0- 100~ LESO0 T SeJ34dNID wnupbjuow wnipiday
¥TT0°0 20000 £TTO°0- 8ETO'0- 0ST0°0- €9T0°0- 0t¢0°0- STC00- LEOO00 S6TT°0 T 9eJ34dNID windapaolso| wnipida7
S800°0- 8600°0- £TTO0°0- LTC0°0- 8¥720°0- €910°0- LLTO0- L0T0°0- 0SS0°0 96T0°0 T 9eJ341dNID nuowaif wnipidag
S¥¢0°0- ¥520°0- T¥€0°0- 99%0°0- 6550°0- Yv€0°0- 66700~ SL¥0°0- 80%1°0 ¥8¥1°0 8 9eJ341dNIJ wn.Jojfisuap wnipida]
£900°0 9€T0'0 80TT0 €500°0 €€00°0- €910°0- 0v20°0- ¥620°0- ¥020°0- 60T0°0- T SeJ34dNID «d41s3dwpd Wnjipidal
TC10°0- 00TO'0- ¢110°0- ¥2T0°0- ¢C10°0- 0600°0- T9T0°0 88000 6T€0°0 ¥STO0- 4 seysodwo) osojnpup|b biAoT
TCE00- €5¢0°0- €970°0 CEVTO 9vvT 0 €EV0°0- 8ST0°0- €8¢0°0- €8L0°0- 0STO'0- (014 aesoulwnga damzsuoj snifyiog
0920°0- L620°0- €C€0°0- ¥900°0- 85000 9t7€0°0- 6500~ L1600 €900°0- T€E00- 6 aesoulwnga XA102AY20.1q snIAYI0T

yueq uoAue) neale|d doj esain  doj esain NI0)21|S spues sado|s spuejmon sie|q 20 # Ajwe4 awieN 21313ud1ds
-weans ERILEY) ysiH Jaddn 1amon puejdn Apoy puy pueimon

‘ponunuoy) ‘¢ XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



67

PLANT COALITION GROUPS OF ZION NP

2015]

78100~ TT80°0 ¥£20°0- ¥£20°0- £020°0~ 8€8T'0 60800 92S0°0- 0T90°0- ¥/70°0- 4" aeaujwel 14aqnyy pibiaquajyniy
S800°0- 8600°0- S900°0- 0€€0°0 £80T°0 €9T0°0- LLTO0- 17000 STT0°0- 60T0°0- T seaujweln "ds pibsaquajyniyy
90800 SS0T0 STS0'0 98¢0°0- 8T00°0 €600 965200~ £0S0°0- §S€0°0- 9000°0- € deaujwel DSOWad0. PIBIAGUAIYNIN
Z6T0°0- 0220°0- €5¢0°0- S6¢0°0- 9T€0°0- L7200~ L8TT°0 69000~ T000°0- S¥¢0°0- S aeaujweln suabund pibsaquajyniy
T¢10°0- S¥00°0- 6CT0°0- 0ZT0°0- LTTO0- 0980°0 69200 90€0°0- ¥220°0- 8100~ [4 seaulweln bupjuow pbibIaquajynin
08TCT0 TS00°0 6£00°0- 7SC0°0- 8200~ T1€C0°0- 0t€0°0- 8G€0°0- 6800°0- 0£L0°0 4 oesulwelo oijofladsp pibiaquajyniy
£9T0°0 8ETO'0 €€00°0- £T20°0- 6¥10°0- 81000 VL€0°0 69t0°0 0TT0°0- 68T0°0- € 2eadede|niod oipjjofiad biUON
SST0°0- 7000 ¥¥20°0- ¥2€0°0- 87€0°0- T96T°0 TETO'0- £290°0- 8810°0- §200°0 9 sejeiqe] DWIssibIopo bjjapIoUON
§800°0- 8600°0- LTT0°0- LT20°0- 8¥720°0- €910°0- 0¥20°0- 89€0°0- ¢ST0°0 T6¥0°0 T aeadeulge1dAN ojiwnd sijiqoiin
¢ST0°0- €220°0- 6€€0°0- vy0°0- 8850°0- S9€0°0- §950°0- 8L10°0- €EET0 0L¥T0 L aeadeulse1dAN pJolfnwi sijiqoiiN
S800°0- 8600°0- LZ10°0- 77000 9£00°0 S¥00°0- 07200 6TT0°0 €£00°0 60700~ T seadelie|nydouds 1A1ipd snjnuwin
680T°0 TSvT0 6¥90°0 0¥20°0- 20000 €900°0 ¥6¢0°0- 0850°0- T€E00- 68T0°0- € seadele|nydoldos $N301ING SninWIN
§800°0- 8600°0- LTT0°0- 8ETO'0- 0STO'0- 9€00°0 88700 S6¢0°0 LEEDO 60T00- T aeadelie|nydouds snpunquojf snjnuwi
00 €8TT0 £000°0 ¢SC0°0- 78¢0°0- T€C00- 0v€0°0- 99v0°0- 0920°0- 9100~ C seadelle|nydoids Sljbulp4ba sninwin
100~ SETO'0- 95500 89T0°0 9600°0- TLT0°0 7900 79700 0TT0°0- ¥8€0°0- 8¢ oeadejuows|od SI12046 S14323S0IOIN
T1¢0°0- €2¢0°0- ¥020°0- TLT0°0- 62€0°0- YET0'0- 7SS0°0 ¥S£0°0 08¢0°0 TvT0°0 8 seysodwo) 1A3jpulj s11as0IIN
6¥10°0- 04T0°0- 6¥10°0- ¢/L9T0 ¥8ET0 90100~ §5¢0°0- T8T0°0- 09¢20°0- 68T0°0- € seadeulselog siwofisnf bisuariain
S¥0T°0 19600 £L067°0 12000 80T0°0- 99700~ ¥9€0°0- €800~ 69700~ ¥¥00°0- L aeadeuldelog D21U0Z1ID DISUSLIN
S800°0- 86000~ LTT0°0- LTCO'0- 8¥20°0- €9T10°0- LLTO0- €6¢0°0- LTY0°0 758500 1 aeddeseon 01ba3ul DIjaZIUBN
CEI'0 CTE00 L6T00 80€0°0- ¢SE0°0- 96T0°0~ 0620°0- 0L€0°0- 86T00- ¥ST0°0- 4 sesouiwnga «"ds snaojiay
80610 TETO0 LZ10°0- LT20°0- 81720°0- €TT0°0- 69T10°0- £820°0- 6€00°0 60T0°0- T aesoujwnga #Sljoutaiffo sniopljajn
€2L0°0 0T00'0- €000°0- 7SC0°0- 78¢0°0- T€C00- 0v€0°0- €T70°0- 61T0°0- €660°0 C sesouwnga] *DqJb snojljaN
9670 0£00°0 ST00°0 LTC0°0- 8720°0- €910°0- 0v20°0- 0620°0- 7910°0- 60T0°0- T sesoujwnga «bulindnj oboaipap
00000 OTET 0 7SL00 69600 1910 9¥00°0- 80S0°0- T1S0°0- L¥60°0- T€C0°0- 6C oeadepliagiag suadas pjuoyop
8TE0'0- ¥€S0°0- 9900°0- 0TC0°0- 1700~ v10°0- CEVT0 €880°0 ¥820°0 9€00°0- ov aeysodwo) SU3253UDI DI3YIUDISDYIDIN
1¢T0°0- 6€T0°0- 6¢T0°0- 0%700°0- TZ10°0- €6T0°0- 700 2100 L1200 ¥ST00- 4 aeysodwo) .ojfipupib piwsapobA]
6¥10°0- 04T0°0- 0Cc0°0- €9¢0°0- TE€V00- SSC0°0- 9/€0°0- 9050°0- £900°0 SGEE0 € deddeue|os wnpljjod wniA7
£900°0 8600°0- SSE0°0 L1200~ 8¥720°0- 62000 88600 ¥¢10°0- ¥110°0- 60700~ T aeade||AydoAie) Hipuowwinip siuyaA7

yueq uoAue) neale|d doj esainy  doj esay NI00)21|S spues sado|s spuejmon sie|q4 00 # Ajwey aweN J1413u3ds
-weans INID) ysiH Jaddn 1amon puejdn Apoy puy pueimon

‘ponunuo)) ‘¢ XIANHIdY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

68

L0¥0°0 20€0°0- TLEOO- 8€C0°0- 18¢0°0- €0¢0°0- 06€0°0 09.4T°0 96200 6€70°0- €C aeasele|nydo.ds 11U0ID3 UOWAISUH
6¥10°0- 04T0°0- 0220°0- LTTO0- ¥20°0- EY10°0- £900°0- LSY0°0 Z€00°0- 68T0°0- € aeaodele|nydo.ds snsnfuos uowalsuad
90000 6€T0°0- 97000 90€0°0 92000 96T0'0- TTv0°0 6¥20°0 0000 LT00°0 4 aeasele|nydosds SNU3YIIDWOI UOWAISUdd
64200 £80T°0 0000 ST00'0 0STO'0 §950°0 0TTO0 ¢STO0 91200~ 69¢0°0- 9 aeadelie|nydoutds snjbqibq uowasuad
TL20°0- 06200 T£00°0 87000 €1S0°0 S890°0 400 LLTO0 6€£50°0- 7920°0- 8€ aeadele|nydo.ds snijofizsnbup uowajsuad
S800°0- 8600°0- 8500°0- S¥00°0- €€00°0- €910°0- ¥4T0°0- v¥ST0°0 8000°0- 60T0°0- 1 seadelpodAjod D31b2UNJ} D3D|[ad
T¢10°0- 6€T0°0- 6LT0°0- 9ST0'0 €900°0 T€C00- LSTO'0- ZvT00 S000°0 69000 4 aesoulwnga wnanydaw wnjawolpad
SLT0°0- ¥T€0°0- SEC00- 620T°0 6¥8T°0 8070°0- 6%¢0°0- STE00 S0€0°0- ¥610°0- ()2 aeadelie|nydouds 0J3Y3uDI3U3I SIIDINJIPAd
6¥10°0- 04T0°0- 0220°0- €920°0- TEVO0'0- §S20°0- 6€€0°0- 12€0°0- 99900 92200 € seaoeu|elog 050335 DAINI0II3H
°LYTo ¥6T0°0 0vT0'0 8€C0°0- 7S€0°0- 62000~ 02c00 66T0°0- 7S00°0- ¥ST0°0- 4 aeaulweln "ds winajuod
98€0°0- TZTT0 8%20°0 OTET0 960C°0 90400 8TT00 8TT00- LOVT°0- €.50°0- ¥S sedoelise|a) sayuisifw pwisAyood
T¥S0°0 0TOT 0 LT9T°0 L¥00°0- 86000 12200 8S€0°0- 6270°0- 8520°0- 0900°0- 14 aetdjl_vquin SI[b3uapI320 pzlYIoWsO
1000 6800°0- 80000 8T00°0- STS0'0 €000°0- 6800°0- 9€20°0 ¥520°0- ¥ST0°0- 4 aeaulweln byupIW sisdozAi0
S800°0- 8600°0- 9£00°0 98800 9v20°'0 €910°0- 6€00°0 6€00°0 9200°0- 60T0°0- T aeadeyoueqoio Jojfiun aysungoio
T¢10°0- 6€T0°0- S800°0- 86000~ 78¢0°0- 6T00°0 YTLT0 88000 0¢20°0- ¥ST0°0- [4 aeddeydueqolo 010]N21250f 3Y2UDGOIO
6¥10°0- 0/T0°0- 0¢¢0°0- LLEO0- TEVO'0- §S¢0°0- 6€€0°0- 6570°0- 6TL0°0 8ST00 € 2eadeye) 13)ddiym oiundo
6¥10°0- 04T0°0- 0220°0- LLEOO- TEV0'0- ¥820°0- 18€0°0- SZE0'0- 12400 68T0°0- € seadeye) bypupdohjod pbiundo
00¢20°0- L620°0- T620°0- 0¢v0°0- 6850°0- 6€€0°0- 09000 L8T00 6¥70°0 0€0T0 6 aeddepe) byupI03LYd PRUNDO
6L0T°0- 0880°0- €680°0- 8/20°0 €TIT00 TSS0'0 00TZ0 696T°0 TS00°0 T/80°0- 0ctT aeadee) 0zy10400W DIIUNAO
T920°0- 08€0°0- L6¥0°0- ¥S0°0- 02L0°0- 6¥0°0- 0S£0°0- S600°0 08¢Z°0 89000~ LT seadeye) paspuLId PRUNDO
02000 8900°0- 6LT0°0- 7SC0°0- 78¢0°0- T€C00- 0v€0°0- €T¥0°0- £S00°0- SE9T'0 4 seadelseuQ "ds pJayroua0
€9€T0 2600°0- ¥820°0- 9€¥0°0- €EV0°0- 9TT0'0- 9S0T°0 6v70°0 18000 ¥2eoo- [4" aeadesgeuQ opijjod piay10us0
E97°0 C¢T€00 L6T0°0 80€0°0- 7S€0°0- 96T0°0- 0620°0- 0L£0°0- 86T0°0- ¥ST0°0- [4 aeadesgeuQ obuissjbuol iayo0ua0
6€T0°0- ¥6T0°0- T000°0- 0cz00 SECO0'0 9900°0- 89000 LLLOO 0€00°0- €€00°0- 6 seadesseuQ 0s03/dsa0 DJAYIOUIO
S800°0- 86000~ 8500°0- 8€ET0'0- 0STO'0- €910°0- 0¥20°0- 8ETO'0- T000°0- ¢1S0°0 T oeddeue|os 010NU3110 DUDIJOJIN
22000 0¢¢0°0- YTv0°0 S¥90°0 €L00°0 €0T0°0- TS00°0- TS€0°0- €0€0°0- SCC00 S aeddejuows|od 143Ma.q b133410ADN
C¢LSTO LTTO0 ¢CT00 LT20°0- 8%20°0- €910°0- 0¥20°0- 89€0°0- ¥020°0- 6010°0- T oeJa4dni) 3jpupiffo wnirnisoN
S800°0- 86000~ £2T0°0- 8€T0'0- ¥T00°0 €9T0°0- £LL10°0- 6T00°0 8900°0- 60T0°0- 1 aeade|nounuey snpjndna sninsoA
jNueq uoAue) neaje|d dojesaly dopesa|lN  }oonllS spues sado|s spuejmon sie|q 00 # Ajwey awieN J1313uaids
-weans 1IN ysiH Jaddn 1amon puejdn Aoy puy pueimol

‘ponunuoy) ‘¢ XIANIAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



69

PLANT COALITION GROUPS OF ZION NP

2015]

§800°0- 86000~ §900°0- €T0C°0 L¥0°0 0T00°0 €9T0°0- 17T0°0- T9T0°0- 60T0°0- 1 oeJa4dnI) Hp1om plbsAyd
6¥70°0- 04T0°0- EYT0°0- SCT0°0- L8100~ 8910°0- 0v0T'0 92€00 8500°0- 68100~ € 2eJa4dni) sadl12a4 pLDSAYH
6220°0- T9¢20°0- 6£20°0- 81700 0€9T°0 9T¥0°0- S8T00- 89000 8T00°0- 90100~ L QeJa4dni) 1A113qmau pLpsAyd
6¥10°0- 04T0°0- LETO'0- €TT0°0- L8T0°0- ¥ST0°0- 0ZTT0 16900 60200 6810°0- € 2eJa4dnI) pupidinopn| pLIDSAY
67100~ 04T0°0- 02200~ SSTO'0 T/80°0 99T0°0- £600°0- 65800 00¢20°0- 6700°0- € QeJa4dnI) lis1aquiny2 plbsAYd
¥110°0 20000 £2T0°0- 8€T0'0- 0STO'0- €910°0- 0v20°0- ST20°0- L£00°0 S6TT0 1 aeadeue|os oijofibuoj sipsAyd
9L€0°0 ¥¥00°0- 92¢0°0- 9%€0°0- €000°0 €€0°0- §8¢0°0- §S€0°0- 8800°0- £S80°0 8 oeadeue|os pijofliapay sijosAyd
TSVEO0 €¥T0°0 6£00°0~ 80€0°0- ¢S€E00- 9610°0- 06¢0°0- 60170°0- £800°0- ¥S10°0- 4 oeaulwels sijp3sno saywboayd
LT€E0'0- GEEO0- ¥9¢20°0- 66€0°0 8700 §8¢0°0- S¥S0°0 90TT0 0T00°0- TEE0'0- T Se3VEISIA wnupadiunf uopuapo.ioyd
¥€20°0- €6¢0°0- 8200°0- L8TT0 €6TT°0 78¢0°0- 1900°0- €600 8€T0'0- €500°0 1T oeadejuows|od oijofibuoj xolyd
S/90°0- €0S0°0- ¢1S0°0- €EV0'0 16700 T2L0°0 9881°0 TSCT°0 0zS0°0- £9£0°0- 4 oeddeluows|od pupLUOWI0JISND XO|Yd
L¥00°0 0SET0 §950°0 9T10°0- ¢SE00 610 9¥20°0- ¥ST0°0- 0090°0- 8%720°0- ()2 seadeselyixes snjjAydo.siw snydjapojiyd
S800°0- 8600°0- LTT0°0- LT20°0- 8¥¢0°0- €9T0°0- £LL10°0- €620°0- LT¥0°0 5500 T aeaoe|jAydospAH lawjod pija0Yyd
¥600°0 86000~ CE00°0- 8€ETO'0- 0STO0- 9S00°0- ¥600°0- 000 T1S00°0 96100 T aeade||AydoipAy bupisan] blja3pYd
88TT0 9/90°0 920T°0 95¢0°0- T€C00- 87100 €600 82000 TS90°0- 8670°0- w sease|jAydoipAy ojAydo.ayay bijao0Yyd
TT20°0- v20°0- €T€0°0- S9€0°0- 66€0°0- ¥9€0°0- 9G9€0°0- LS00 STCT0 100~ 9 aeaoe||AydospAH nuowsauf bjja20Yyd
88000 v/L2T°0 0€TO0'0- €¥C0°0- 02000 EVIE0 89200 78S0°0- ¢190°0- S8€0°0- 4" aeadesoy wnsoydsans wnydonad
12100~ 6€T0°0- 69000 79L0°0 0900°0- ¥£00°0 65200 9900°0- 06200~ 8¢T0°0 [4 aeysodwo) ojjwnd bliopp1ad
76100~ 0¢¢0°0- ¥S20°0- 6870°0- 65500~ TT€0°0- T1S0°0- 0v10°0- S60T°0 ST200 S aesoulwnga apjuosdwoyy blia1ad
05000 L1200 LTT0°0- LT20°0- 8%20°0- T¥00°0 0¥20°0- 89€0°0- ¥020°0- 60T0°0- 1 aepsodwo) Djjau3} 3|A1iad
§L20°0- €620°0- S9T0°0 68€C°0 L7810 T1S€0°0- €920°0- 859700~ €700~ 97000~ 0T 2e3esoy wnwyssisown. wnjjAydoiad
¥8T0°0- TITT0 09t0°0 T600°0- 10T0°0 L6CT°0 LETO0- 96%0°0 STv0°0- 6/10°0- 0€ aeasele|nydosds SNJ0|f1350J UOW3)SUdd
08€0°0 S6¢0°0- 8970°0- 0870°0- ¥290°0- 0TE0'0- 0v¥0°0- £EB0°0 8T0T°0 C€00°0- 6T aeadelie|nydouds 1awpd uowalsuad
S800°0- 86000~ £2T0°0- LT20°0- 8¥¢0°0- €9T0°0- ¥7€00°0- €¥00°0 6500 60700~ 1 aeadelie|nydo.ds snjjAydAyond uowaisuad
£9T0°0- 09€0°0- TEE0'0 SO0TT'0 ¥060°0 TL¥0°0- ¥8¢0°0- ¥910°0- LEVO'O- £000°0 €1 aeasele|nydosds SaploLIbul| UOW3ISUS]
9S¥0°0- re00- rS0°0- SEE0°0- 9Tv0°0- 9¥80°0 9TET0 €400 9100~ ¢€S0°0- 9T aeadelie|nydotds SIN3D| UOWAISUdd
8EY0°0- 1100 ¥7L€0°0- SCT0°0- £000°0- T20C°0 S0T°0 0600 §950°0- €650°0- LT aeadelie|nydouds sijiwny uowajsuad
¥210°0- 66000~ 2600 0200 4500 0810°0- LT€00- 69100~ 8T€0°0- S¥c00- S aeasele|nydo.ds lsubbly uowajsuad
jueq uoAue) neaje|d doj esa|Al dolessiN  ooa)dIlS spues sado|s spuejmo sie|d 00 # Ajiwiey QWi 21313U31dS
-weans LI EY) ysiH Jaddn 1Mo puejdn Moy puy puejmon

‘ponunuoy) ‘¢ XIANAddy

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

70

9/S€0 TLEO00 €920°0 LT20°0- 8%20°0- €TT0°0- 6910°0- CEC00- LTTO0°0- 60T0°0- 1 aeaoenounuey “ds snjnounupy
S800°0- 8600°0- LTT0°0- 8€T0'0- 0STO0- 9€00°0 88%70°0 S6¢0°0 LEEOO 60100~ T aeade|nounuey lluosiapup snjnaunuby
¥2S0°0- £6S0°0~ S080°0- S¢80°0- 08600~ 08200~ 9S00 TETTO 9€TT0 L1900~ 0S seadesey Dj|aulqin} sn2ianY
0870°0- 99900 8TVT0 ¥08T°0 ¢6LT°0 00 ¥S€0°0 6520°0- €CTT0- G€800- SET seadedey Hjaquipb sn24anp
SLY0°0- €950°0- L620°0- Z€8T°0 8TET0 SS€0°0- 65600 200 ¥90°0- 86€0°0- 9€ 2e3esoy p303U3PLIY DIYSING
6€€0°0- 88€0°0- 8970°0- LTE00- 6¥00°0- 2090°0- 1690°0- LEVO'0 6,00 0v10°0- ST 9e30es50Yy bupaixaw plysind
1¢T0°0- 2200 200 9¢10°0- £000°0~ TL00°0- £200°0- LETO'0- ¥020°0- ¥ST0°0- C 9e32ed0JI0UON Dapawo.Ipup p1odsoiald
¥60T°0 929T°0 L0¥0°0 C€C00- 60000~ TZv0°0 ¢LY00 TL€0°0- LTEOO- 6810°0- € aeadelpodAjod wnujjinbo wnipliaid
6820°0- 0€€0°0- 8¢¥0°0- 0990°0~ L¥L0°0- C€S0°0- 6£90°0- £0TO'0- T€0T0 0200 1T aesoujwnga) Huowalf snuwpy1040sd
¥v00°0 9%T0°0- §SC0°0- LEEO'0- 6v70°0- €0€0°0- C€C0°0- L¥¥0°0- €LT0°0 LEVO'O 4 aesoujwnga) Wwin3pjoasub| wnipljpiosd
1200 6SSC°0 60€0°0 7000 €550°0 8CET0 €8T0°0- ST¥0°0- 6¥80°0- 9.¥0°0- 8T aeaddeuld 11S31ZudW PBNSIOPNIsd
10200 9000°0 €60 9/90°0 L0€00 CEE00- ¥070°0- 99/0°0- 78500~ €620°0 [0} dedoesoy oupjubiA snunid
¥990°0 92v0°'0 60600 9TT0°0- 66100~ S600°0- 00T0°0- 6G9€0°0- 06200~ ¥ST10°0- C aeaoed||es sapjojnwiaJ} snjndod
9€6€°0 6¥T0°0 80000 L870°0- €7190°0- 79€0°0- ¥€50°0- 9S00~ LLT0°0- 6€T0°0- 9 aedoedljes uowauf snindod
8¢C00 92LT0 80700 €9¢0°0- T€000- 6500 0v0°0- €9€0°0- 0/10°0- 6920°0- 9 aeadelpodAjod wnadsay wnipodAjod
07000~ €0v0°0- TTLT0 §S80°0 05000 TT€00 87910 12€0°0- €690°0- ST00°0- 6€ seadeuodhjod nsojbnop wnuobAjod
S800°0- 8600°0- LTT0°0- LT20°0- 8%20°0- €910°0- LLTO0- 6€20°0 L5200 96T0°0 1 seaulweln "ds pod
TLT0°0- 79100~ £020°0~ L2200~ LETO0- S020°0 8T€00 12900 0ST0°0- 61200~ 14 aeaulwels bpun3as bod
£20T°0 T6€0°0 99vC°0 85¢0°0- SS¥0°0- 60700~ 9/20°0- 1660°0- 8650°0- S¥00°0- T seaulweln #SISua1pId DOd
L€80°0- 2L00°0- LT¥0°0- 16800 LS00 98110 €8¢T°0 CETT0 07900~ T6€ET0- 06T sesujweln buplia|puaf bod
123740 1S00°0 €8390°0 TCeo0- LOEO0- €8T0°0- 0C€0°0- 08500~ 96200~ S8T0°0 € seaulweln #DSsa1dwod bod
6000 9T00°0- LTT0°0- LTT0°0- 8720°0- €110°0- 6910°0- 89€0°0- 79T0°0- 87800 T seaujweln *050q|nq bod
T810°0- 08¢0°0- 62€0°0- €650°0- S£90°0- 88€0°0- vS0°0- 0¥20°0- S90T°0 L8700 8 Qeaulwel 11n0jabiq bod
STE00- 09€0°0- 76200~ 9.€0°0- #9500~ 6¢C0°0- 66€0°0 ¥2S0°0- C9€ET'0 8€ECT0 €T aeadeuldejue|d pa1uobpiod obpup|d
TCe00- S820°0 0S00°0- LTLO0 17900 €661°0 SELTO §£90°0- 9€TT 0~ ¥£S0°0- 09 seadzeuld psosapuod snuld
£6S0°0- 06£0°0~ 8080°0- 0€60°0- ¥S0T°0- TL0T°0- 9190°0- 961°0 LT9T°0 6€90°0- 9 aeadeuld ojjAydouow snuid
0%90°0- 1870°0- 0¥S0°0- €IST0 09TZ°0 6150°0- 0STO0 69600 66L0°0- €9€0°0- €9 seddeuld siinpa snuld
S800°0- 0€00°0- £2T0°0- SETO'0 €LV0°0 89T0°0 0v20°0- 9000 ¥020°0- 60T0°0- 1 2e3es0y Supu4AYp SNdipI0sAYd

jueq uoAue) neaje|d doj esa|n  do] esaiAl N20)21IS spues sado|s spuejmon sie|qd 20 # Apwey awep 2113udds
-weans 1N ysiH 1addn 19mo1 puejdn Mooy puy pueimon

‘ponunuoy) ‘¢ XIANAddy

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



71

PLANT COALITION GROUPS OF ZION NP

2015]

C6T0°0- TLT0°0- 2100~ 0%00°0- 87000 ¥600°0 0Sv0°0 85500 LTEO0- S¥¢0°0- S seaoe|jAydoAie) bpunsaian auajls
€000 TETO'0- 8LT0°0- 8L70°0- LOE00- 6CT0°0 900 19000 ¢EV00 68T0°0- € aeaoe|jAydoAied pulYLIUD 3U3[IS
TL20°0- L6€0°0- €S70°0- L¥S0°0- €¢S0°0- S9S0°0- ¥2S0°0- S8/T°0 961T°0 0910°0- LT Jeadeusese|3 oijofipunjo. pipsaydays
00200 ¥S0T°0 §800°0 6290°0- 8€S0°0- L5200 95700 80€0°0- ¥890°0- ve0°0- 9¢ aeysodwo) saplo13ods 0123Uas
90900~ ¥500°0- 88200~ 8L¥70°0 79900 9€TT0 6T61°0 ST9T°0 £80T°0~ 20800~ 66 aeysoduwio) sNbqojiNW 0/23uas
C¢LST'O LTTO0 100 L1200~ 8%¢0°0- €910°0- 0%20°0- 89€0°0- 0¢0°0- 60T0°0- T seysodwo) snjiydolpAy oixauas
00900 €900°0 60TE0 8€00°0 SCT0°0- ¥820°0- CTE0°0- ¢SS0°0- 1€0°0- 68T0°0- € aeysodwo) snjiydowaia 0pauas
S800°0- €700°0- Z€00°0- 77000 94000 9€00°0 S0t70°0 9€€00 ST00°0- 60T0°0- T aeaoe||auide|as 11U0SIDM D|j3UIbD|aS
T¢10°0- 9200 6¢T0°0- ve0°0- 6920°0- ¢E6T0 €2790°0 100~ §S¢0°0- ¥S10°0- 4 aeade||puideas sisuayoin ojautbojas
08T0°0- 8C/T0 66000 09¢20°0~ ¥600°0 wiLTo 87200 €900°0- €0L0°0- 29%0°0- LT seade|jauideas lipoomiapun pjjauibo|as
6¥T0°0- T€00°0 S600°0- 8.T0°0- 8100~ TSLT0 LTYT0 94100~ S¥c00- 6810°0- € oeade|nsses) winjbjoaoup| Wnpas
S200°0- 272600 Y0€0°0 S000°0- 0900°0- 69ST°0 6000°0- ¥900°0- 06200~ ¥ST10°0- C aeade|nsses) 3|lqap wnpag
T¢10°0- 6€T0°0- 64T0°0- 7SC0°0- 8200~ T€C0°0- 0t€0°0- ¥9t0°0- L6100~ ¥S10°0- C oeaujweln %9[03433 3|DI3S
806T°0 TETO'0 LTT0°0- L1200~ 8%20°0- €TT0°0- 6910°0- £820°0- 6€00°0 60T0°0- T seadesadA) suabund sndios
C¢LST0 LTTO0 2ZT00 LT20°0- 8¥7¢0°0- €9T0°0- 0t7¢0°0- 89€0°0- ¥020°0- 60T0°0- 1 aeadesadA) snaip20.ojw sndiiss
S800°0- 06€0°0 6200°0- 7600°0- €500°0 86800 TT€0°0 9000°0- 6ST0°0- 60700~ T seadedelyixes papjoquioys DboifIxps
C¢LSTO LTTO0 CT00 LTT0°0- 8¥70°0- €9T0°0- 0t¢0'0- 89€0°0- ¥020°0- 60T0°0- T aedde|nwilid snpunqiojf snjowos
6¥10°0- 04T0°0- 0¢¢0°0- €L20°0- TOE0'0- 6%¢0°0- 87700~ 06200 LS00 68100~ € aejelqeT 11410p pIALS
9%20°0 €2v0°0 6€20°0 Z8T0°0- 99700~ S8T00- 0v7€0°0- 99t0°0- 06200~ ¥S10°0- C seaoed||es DUDI3INOIS XI|DS
6510 €00 88000 LLEOO- TEVO0- 97200~ S€E0°0- 69170°0- 6€T0°0- 6810°0- € aedoedles onbixa xijps
T¢10°0- 6€T0°0- 6LT0°0- 80€0°0- CSE0°0- T€C00- 0v€0°0- TT¥0°0- 04200 1600 [4 aeadeuodhjod snjodasouawAy xawny
ZEV0'0 T19C°0 €LE0°0 0T€00- 8/20°0- 88000 0C0°0- §850°0- 06€0°0- 61200~ 14 2e3desoy SIwiapodna| sngny
Y1100 20000 LTT0°0- 8€ETO'0- 0STO0- €9T0°0- 0t¢0°0- STC0°0- LE000 S6TT°0 T aeddelqny *Dl0JOUN DIGNY
8€V0'0 T0S0'0 €0VT0 T0S0'0 00 £LL10°0- 06%0°0- 8/80°0- 81900~ L2070 [4" 9e3es0y lIspoom bsoy
SSC0'0 86000~ 97800 0€TO'0 TS00°0- €9T0°0- 6V10°0- 000 62000 6010°0- T aesoulwnga DUDbIIXaWOo3U blulqoy
S800°0- S€00°0- 8500°0- 6500°0- TS00°0- 6£00°0~ SLT0°0- TT00°0 T9T0°0- 60T0°0- 1 seadeselyixes wnunnjan saqiy
88€0°0- SZv0'0- 6€70°0- 76€0°0- 62900~ 68770°0- €870°0- €TTT0 60LT°0 11000~ €C aeade|pieseuy 02/30W04D SNYY
£S00°0 6€T0°0- 64T0°0- 80€0°0- C¢S€E00- T€C0°0- 0t€0°0- 7CS0°0- 9910°0- 1200 C aedde|nounuey +SNI0IN21153] SNINJUNUDY

jueq uoAue) neaje|d doj esaly dojesaiN oIS spues sado|s spuejmo s1ejd 00 # Ajiwey SWEN dIJ1IUBIIS
-weans NI ysiH Jaddn 1amoq pueidn Aoy puy pueimo

‘ponunuoy) ‘¢ XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

72

€€S0°0- €790°0- LT90°0~ YL€0°0 V€LO0 L6L0°0- 68T0°0- 20ST°0 88€0°0 T9€0°0- 8¢ 2eJadniy snIppJod snyupIda.ns
¥€20°0- €¥C0°0- 98€0°0- 1v0°0- €810°0- 60000 €020°0 0L0T°0 60TT°0 00200~ 1T QeJa4dni) slso.1buo) jjayup1dalls
76200~ CEE00- L9%0°0- 6£L0°0- 1880°0- €LE0O- £T90°0- 67£0°0 SS8T0 ¥520°0- ST aeaulweln psopdads pdis
T¢10°0- 6€T0°0- 5200 £860°0 §980°0 SSTO0°0- ££00°0 00¢20°0- £T20°0- 1100 [4 seaulweln wn.ojauld pdns
S800°0- 8600°0- £2T0°0- LT20°0- 87200~ 00T0°0- 0t7¢0°0- SETO0- 07000 67200 T seaujweln bup2IXaWoau pais
02€0'0 6900°0- ¥09T°0 21900 SETO00- §8¢0°0- STC00- 0S8S0°0- 68€0°0- 9€v0°0 S oeaujweln liuosjau odns
8T€00 ¥810°0- ¥2sTo T160°0 €LT00 €9€0°0- 04T0°0- €2L0°0- T€90°0- ££00°0~ [4) seaulweln nupwiia333| pdns
SSE0°0- T2L0°0- 88£0°0- 8070°0- £200°0~ 6%50°0- LTEO0 98800 €T80°0 12200~ S9 seaulweln saplouawAy bais
06700~ 2090°0- 2C10°0- 69T0°0- L6S0°0- 9290°0- L€90°0 66200 0CTT0 18800 6€ seaulweln p3OWOI PANS
TLEOO- 86900 €9¥0°0- L€SO'0- 6S70°0- £L60T°0 °LTT0 9%80°0 0T€0°0- ¥950°0- 19 seysodwo) Dijofinua} plAWOUDYAIIS
T¢10°0- 00T0°0- 6.T0°0- 96T0°0- 1200~ €ST0°0- 7100~ S0TO0'0- €T¢0°0 STE00 C aeysodwo) DIDUIUNI DIIAWOUDYAIIS
S800°0- 8600°0- LTT0°0- LT20°0- 8%720°0- €910°0- STT0°0- ¥920°0- €¥00°0- 60T0°0- 1 aeysodwo) bnbixa plawoubydars
08€0°0 ¥€S0°0 YTEE0 L6¥0°0 1200 80€0°0- ¢TL0°0- ¥90T°0- 7780°0- 8700°0 8T aeade|AydoAie) oupisawp| blipj|a1s
T¢10°0- 6€T0°0- 6LT0°0- 80€0°0- CSE0°0- r10°0- 07€0°0- €0€0°0- ££90°0 €¢80°0 [4 QeJa4dNI) oipuuld pA3jupls
19000~ 8850°0- 80L0°0- €180°0- 6T0T°0- C0€0°0- 9€CT 0 LETO0 ¥Zv0'0 04S0°0 0s seaulweln snipup3dAid snjoqo.iods
59900 8900°0- 6LT0°0- ¢SC0°0- 78¢0°0- T€C00- 0v€0°0- 7¢S0°0- 0€20°0- 88T0°0 [4 seaulweln $N320.3U00 sNj0qo.I0ds
6970°0 LS6T0 L8T00 CEE0°0- YL€0°0- T000°0 LT¥0°0- 0SS0°0- TEE00- 68T0°0- € aeysodwo) abJyanJ bliawosaoyds
S800°0- 86000~ LTT0°0- LTT0°0- 8¥70°0- €9T0°0- STT0°0- ¥920°0- €700°0- 60100~ T deddeAleN ojjofiniod pasjoiaoyds
¥220°0- L¥€0°0- €CY0°0- €790°0- TLLO°0- §950°0- 1690°0- SL00°0- 0TL00 €50C°0 T deddeABN 0jjofilin[nsso.b pasjpianyds
T2T0°0- 6€T0°0- 9€00°0- 0€S0°0 89000 T1€C0°0- vT0°0- 9£10°0- 00100~ ¥ST10°0- C seadenleN bnbiquip pad[IILYAS
7S9€°0 ST60°0 €100 CEE00- L0200~ €T00°0 8EE0'0- 8C¥0°0- 08200~ 9000°0~ € aeysodwo) +'ds snyouos
¥€T0°0- 9/¥T°0 68800 9€0T°0 ¥190°0 068T°0 9%00°0 6880°0- 06TT°0- S800°0 8¢ aepsodwo) ouianjan obopijos
S800°0- 8600°0- £2T0°0- LT20°0- 8%720°0- €910°0- 0v20°0- 89€0°0- 29T0°0- 60T0°0- T oeadeue|os "ds wnupjos
S800°0- 8600°0- LTT0°0- LT20°0- 8¥70°0- €9T0°0- €CT0°0- 89€0°0- 79100~ 60100~ T oeadeue|os %S9PIoYID1IDS WnUbjos
0900°0- 6L€0°0 8200 v10°0- 0100 STC00- V€E00- 0%90°0- §S€0°0- 6810°0- € aeddel|n D}D0J[33S DUIID[IUS
68000 TESTO €970°0 8¥10°0- 87200 L1600 £LT¥0°0- 8¥7¢0°0- 88170°0- 6€T0°0- 9 oeadel|n bsowadp.4 bupdp[IWS
[4A74] ¥6T0°0 £600°0 80€0°0- CSE0°0- 96T0°0- 0620°0- SZv0°0- 2000 1,200 [4 QeJa4dnI) *OUI WnuquiAsis
06000 L6T0°0- 2L200 22200~ 0S€0°0- 6%¢0°0- 8C€0°0- 8520°0- 9£00°0 07900 14 oeJa4dni) «WNWISsD WnUquAsis

jueq uoAue) neaje|d dojesaly dopesaly  }oonls spues sado|s spuejmon sie|q4 00 # Ajwey awep 21u31ds
-weans 201N ysiH 1addn 1Mol puejdn Aoy puy pueimon

‘ponunuoy) '¢ XIANAIIY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



73

PLANT COALITION GROUPS OF ZION NP

2015]

¢120°0- €¥20°0- S£90°0 9T60°0 ¥4T0°0 8TE0°0- 1S00°0- 06T0°0- €9€0°0- 0vv0°0 [4) aeysodwo) Jolfi3inw pIaINBIA
S800°0- 86000~ LTT0°0- LTT0°0- 8¥70°0- €9T0°0- £LL10°0- £0T0°0- 058500 96100 T aesoulwnga bubisinopnj bIGIA
0€TO00 V€00 L6VT0 ¥/0T°0 90800 66700~ ¢S90°0- 1290°0- TS60°0- LTT0°0- 34 sesoulwnga pupIII3WD DIIA
E€VLED €CET0 TSPT0 ¥L€0°0- 0v€00- S0TO0- CLE00- 8690°0- 0L€0°0- €0T0°0- S aeaselie|nydo.ds #SNSAbY} WNISDGIaA
S800°0- €S€0°0 £2T0°0- €000 16700 £20T°0 2600°0- L1200~ ¥020°0- 60T0°0- 1 seadeueladlep SI|D}U3PII20 DUDLISIDA
C¢LST0 LTTO0 CT00 L1200~ 8¥20°0- €9T0°0- 0t7¢0°0- 89€0°0- ¥020°0- 60100~ T seadeydAl oijofin] bydAL
°LYTo ¥6T0°0 £600°0 £9T0°0- 8200~ 9610°0- 8700~ ¢L00°0- 19T0°0- ¥S10°0- 4 aesoulwngan "ds wnyjofiiL
S¥00°0 §920°0 95700 YEV0'0 ¥v00°0- TEOT0 €0T0°0 ¢SS0°0- 8090°0- ¥100°0- 0T sesoulwnga sadibuoj wnjjofii|
0T€0'0 8900°0- 64T0°0- 80€0°0- 7S€0°0- 96T0'0- 0620°0- 77S0°0- 0€20°0- TT0T°0 C seade|AydosAz #S141524431 sninqliL
££00°0 T0TO'0- T960°0 S800°0 SS€0°0- €CE0°0- TZy0°0- L€80°0- 7S€0°0- vy o 8 seysodwo) *Snignp uobodobo.|
€8€0°0- 6¢70°0- SLEOO- 0¥S0°0- £290°0~ €L10°0- 8/TT0 8/S0°0 6¥T0°0 LL¥0°0- [44 aeadeullpWWo) 51/D3U3PII20 DIULISIPLIL
8€S0°0 LTET0 T9T0°0 0€00°0- €500°0- 80T0°0- 0t7€0°0- ¥10°0- 09200~ ¥ST10°0- C seade|piedseuy 1161aqpAi uoipuaposixol
S800°0- 8600°0- £000°0 6TT0°0- 8%720°0- €800°0- Zv0T°0 Y100 90T0°0- 60T0°0- T seysodwo) bupjUOW DIPUISUMO L
v¥10°0 86000~ LTT0°0- 86000~ 8%20°0- €910°0- 0¥20°0- 06¢0°0- 0c¢eoo 60T0°0- 1 aeysodwo) pubdUI DIPUSSUMO |
9TT0°0- €5¢0°0- 9620°0- T0v0°0- 99%0°0- €0T0°0 S¥90°0 0€£90°0 9%€0°0 7SC0°0- ot setsjpni)y sadinind snaip2oubsAy L
80€0°0 69T0°0 18500 SEVO'0 T0v0°0 8200°0- 6€T0°0- 9%50°0- TT¥0°0- 61200~ 4 aesoulwngal bupjuow sisdoway
YL¥0°0 99TT°0 €800°0 6%20°0- LTE0°0- 6€T0°0 9%00°0- €9€0°0 €9€0°0- T620°0- L aetdjpniy wnJojfixo| wnipodAjay
T9%0°0 S0ET0 066T°0 8700°0- L0070 06200 €LV0°0- 81780°0- £690°0- £S00°0- [4" aedde|nounuey 13puaf wna3oloy |
09¢20°0~ S8T0°0- £200°0~ €T00°0 TEE00- YET0'0- 06800 99700 1e00- 2900°0~ 6 aeysodwo) SU9IS3UDI DIWAPDIISL
0010 9€C°0 €T0C°0 80T0°0- 04100~ TEE00 6v0°0- 9¥80°0- 9€90°0- £600°0 11 aeysodwo) «3/ouidiffo wnooxpio]
69¢Y°0 99200 99000 6870°0- 65500~ Ce00- 9/¥0°0- 9690°0- €5¢0°0- S¥c00- S oeajeoewe] *SISUdUIYD X1JbWb |
S800°0- 86000~ SS00°0- S¥00°0- €€00°0- Tvv0°0 SCET0 100~ TTT0°0- 6010°0- T 9ede3e|nlod wnJojfiniod winuljot
86100~ 8T00°0- $S00C°0 00410 T8ET0 8L¥70°0- 6700~ 9100~ 66TT°0- ¥ST10°0- 85 seadeljojlde) snjiydoa.o sodipalioydwAs
T¢10°0- 6€T0°0- 64T0°0- 96T0°0- Z120°0- 0vT0'0- S¥00°0- 00¢20°0- 82000 ¥ST0°0- [4 aeddeueuUH sISUayoIn bI3IAMS
6820°0- €TC0°0- CEE00 86T°0 TT6T0 15¢0°0- [4r{o)y LEEO'0- 8€S0°0- S¥¢0°0- 1T aeadeuenusn b3plpbd biiams
68¢0°0- 0€€0°0- 8¢¥0°0- £TS0°0- TTS0°0- €€S0°0- 970°0- 96200 TSLTO 6TC0°0- 11 seadeueiuln 010UIBIDWIOGID DILIIMS
S800°0- 8600°0- £TT0°0- L€00°0- €200°0- ¥0T0'0- ¢T10°0- §8¢0°0 S¥00°0 60T0°0- 1 aeadel|n snijofixajdwio sndoyda.ys
jueq uoAue) neaje|d dojesaly dopesay  YoonplS spuesg sado|s spuejmon sie|q 20 # Ajwey EINEIVENTUETRNS
-weans ERILEY) ysH Jaddn 1Mol puejldn Moy puy pueimol

‘panunuoy) ‘¢ XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

MONOGRAPHS OF THE WESTERN NORTH AMERIC

74

IOPUBXI[Y PUr SIS ‘G

518 30 YS[OAN) $o109ds ORoXT

C0€0°0- 0C€0°0- 97000~ Sv61°0 €¥80°0 EV00- 86%0°0- 0z10°0- 6£00°0- 110 [4" aeadel|n snpjnajupd snuapobiz
6€00°0- 9S6T°0 L1200 €620°0- 8€00°0- STST0 S000°0 €820°0- 859500~ 0910°0- ST seadesgeuQ oijofirp| bldUYISNDZ
8T€0°0- 6€0°0- 6870°0- 8850°0- 7890°0- 7€0°0- £220°0- 18600 €T6T0 9900°0~ LT aeaoenedy 03D220q DIINA
T¢S0°0- ¥¥€0°0- 6290°0- 9¢¢0°0- LEEO'0- 0SS0°0 6LET0 29TT'0 S0S0°0- 0990°0~ 1474 aeadenedy DWIssIISNBUD DIINA
9/S€0 TLEOO €920°0 LT20°0- 8%20°0- €TT0°0- 6910°0- CEC00- LTTO0'0- 60T0°0- 1 aeysodwo) wnpwnils wniyauox
76T0°0- Z6T0°0- €5¢0°0- 7620°0- €TE0°0- 969T°0 TOE0'0 8C¥0°0- 0S€0°0- S¥20°0- S aeysodwo) D2JU0Z1ID DIYIAAM
S800°0- 8/80°0 #0000~ 8€ET0'0- 0100 £950°0 €200°0 ¢S00°0 ¢910°0- 6010°0- T aeadelpodAjod pupb2a.10 DISPOON
60200 T6VT0 9€T00 8€ET0°0- 0STO°0- €910°0- 0¥20°0- 0620°0- 29T0°0- 60T0°0- T ELERIAY DI1UOZLID SIUA
§L20°0- ¥T1€0°0- ¢TE00- 810 ¢0LT0 9¥770°0- €E0°0- 0C20°0- ¥L¥0°0- 6€00°0 ot 9e30€|0IA baindind pjoip
SSC0'0 €200°0 €600 07000~ 0STO0- €9T0°0- 6V10°0- 89€0°0- €€T00- 60100~ T 9E3B|OIN Hjjb3nu bjoIA
6800 00€E0 €L0°0 L¥€0°0- 0¢T10°0- S¢C00 88€0°0- §590°0- Tvv0°0- S¥20°0- S 9EJDE|0IA sIsuapbups bjoIA

jueq uoAue) neaje|d dojesaiy dolessn  yooudIS spues sado|s spuejmoq s1e|4 200 # Ajwey aweN d31udIS
-weans ERILEY) ysiH Jaddn Jamon puejdn Mpoy puy pueimon

‘ponunuoy) ‘¢ XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



75

PLANT COALITION GROUPS OF ZION NP

2015]

€9€T0 2600°0- ¥820°0- 9€¥0°0- €EV0'0- 9T10°0- 9S0T°0 6700 18000 ¥220°0- €€ opijjpd p1ay0ua0 ysnigde|g
SS€0°0- T2L0°0- 88£0°0- 8070°0- £200°0- 6¥50°0- LTEOO 9880°0 €780°0 12200~ ov saplouawAy bdns ysniogpoe|g
¥£€0°0- ¥6€0°0- ¥550°0- ¥580°0- 8880°0- 0€90°0- ¢/80°0- 16000 LE9T0 8L¥0°0 ov SISUaPDAIU DIPaYAF ysnigppde|g
¥120°0- 0¢S0°0- 9TT00 8850°0- 95S0°0- 6180°0- 6100~ €TL0°0 9TLT'0 L€00°0- oy oypuuld pjUIINISAQ ysnigde|g
09T0°0- T920°0- 20€0°0- 0SS0°0- 97900~ S6€0°0- 79500~ S9€0°0- €0€T0 TLT0°0 ov snsonxajf sn34oy2ojp) ysniogpoe|g
6€€0°0- 69€0°0- €050°0- 6LL0°0- L6070~ 9/v0°0- 6TL0°0- 9T€00 SLTT0 6000 0S wnuplaw|od wnuobol3y ysnigyoe|g
68T0°0- ST90°0- LELOO- S¥£0°0- 9780°0- ¥0£0°0- TvT0°0- £980°0 S65SC°0 L1200 0s buian bqoiq ysnigpe|g
6€90°0- 9/L0°0- 9%£0°0- 96£0°0- ¢6TT0- 96500~ 11200 LTETO §80C°0 9200°0- 0s (lenuue) *ds pyjupydAiy ysnigde|g
0TS0°0- S/90°0- €890°0- 8€ETT'0- 9¢T0- T/80°0- S6TT°0- 0v0°0 £L0ST°0 08ZT°0 09 "ds oLD|IH ysnigde|g
69t0°0- 6780°0- 9¥60°0- €CIT°0- L9YT°0- 6900°0- €660°0 £S90°0 08t%2°0 69700 0L 0.40}0300 DN ysniogppoe|g
9800°0- 79600~ €V0T 0~ YITT0- 06ST°0- ¥860°0- 96900~ 04900 LT8T0 6860°0 08 ¥DjpYdas0.o1w p1z2.1431IND ysniogppe|g
¥¥50°0- ¥90°0- 59800~ 6€CT'0- 6EVT 0~ SS80°0- 06600~ TELO0 089€°0 6€€0°0 08 suaqnJ snwioig ysnagde|g
¥850°0- 6960°0- ovTT 0- €960°0- 9T1T°0- 6¢0T°0- STS0°0 €TST0 895C°0 LETO0- 06 ona1dsuoduy bijIo ysnigyoe|g
STE00- 09€0°0- 99%0°0- 0080°0- ¥160°0- T090°0- 0€80°0- €6€0°0- F14740 S¥10°0 00T pwissisown. auAboajoy ysnigyoe|g
¥220°0- L¥€0°0- €CY0°0- €%90°0- TLLOO- §950°0- T690°0- S£00°0- 0TL00 €50C°0 €€ oijofiip|nssolb pasjpiayds Sp|al4 pauopueqy
6¥10°0- 04T0°0- 02¢20°0- €9¢0°0- TEVO'0- SSC0°0- 9.£0°0- 9050°0- £900°0 GSEE0 €€ wnpjjjod wnisA7 Sp|al4 pauopueqy
SL20°0- ¥T€0°0- L0¥0°0- ¥€90°0- £6£0°0- LY¥0°0- 80L0°0- 6¥90°0- 91,00 ceLTo €€ SU2252UDI Xa|dli1Y Sp|al4 pauopueqy
8€ETO'0- 09¢20°0- S¢C0°0- 8/10°0- 80¢0°0- T620°0- 69000~ 2000~ L2200~ §690°0 €€ snjnaunJbap oisjwally Sp|al4 pauopueqy
T€00°0 €6€0°0- 9%90°0- 88800~ 98600~ 92000~ 1S00°0- 17000 16210 91200 €€ paindind ppisiy Sp|al4 pauopueqy
09¢20°0- L620°0- S8€0°0- ¥650°0- §SL0°0- SL¥0°0- 60£0°0- 60900~ £9TT0 LTEO00 ov snupjj[piINU snjpbo.lsy Sp|al4 pauopueqy
S8T0°0 €¥200 99100 L8€0°0- T¢S0°0- €€C0°0- 7990°0- 9€80°0- S¥00°0- LETTO 0s D[01413s bINJOOT Sp|al4 pauopueqy
11200~ 7820°0- L0¥0°0- 6090°0~ 99/0°0~ 8870°0- 87,00~ 0T60°0- LL2T°0 §982°0 0S winionsio wnipoi3 Sp|al4 pauopueqy
££00°0 T0TO'0- T960°0 S800°0 §S€0°0- €C€0°0- 1200~ L€80°0- ¢S€0°0- vrveo L9 snignp uobodobo. | Sp|al4 pauopueqy
T900°0- 8850°0- 80L0°0~ €180°0- 6T0T°0- 0€0°0- 9€TT’0 LETO0 vev00 04500 L9 snupupydAid snjoqoiods Sp|al4 pauopueqy
S900°0- LT¥0°0- 8TS0°0- S700°0 98700 €890°0- T090°0- ¥1S0°0- T800°0 S80C°0 L9 o10UIBIDWOGID 22ASIDWDYD Sp|al4 pauopueqy
79200 €/80°0- €80T°0- CIST'0- CEBT O~ ¥TCT0- 06S0°0- 0TL00 SETT0 9STT'0 00T wnJ03231 snwo.g Sp|al4 pauopueqy

jueq uoAue) neajeld dopesaly dojesay oIS spues sado|s spuejmon siel4 20 % sa12ads |epoAl adA] uoneiadapn
-weans 22IND) ysiH 1addn 1amo1 puejdn Mooy puy pueimon

“(2003) ‘T8 19 YS[OAA SMO[[0] SINR[OUSWON] "UWN|0D oL 10} A[oyetedas pafeds ST anfea [[99 Aq Surpeys uso.s)
'$9dA} uoneIOBOA UM 9OUDLINDINO0 JudIad JO I19PI0 UIPUSISOp Ul pajsI o1k so1adg *dnoid uonieod e jo soquow pue saads B usomiaq (Juayjood myd oy jo syun ur) sonea
uoneIosse asimared uvaw aIe SANIULFY (FSET SHIND)) 1SAYSIY ST 90UaLINID0 Juadtad 1ay a1eym odA} uoneasaa oy 03 paudisse sarads Juseastd a1k samads epoy *(¢ xtpuaddy

0S[e 998 ‘suwnjod) sdnoig uonIrod 0} SONIULJR DY} pur (SMOI) yein) e [euoneN uoly 10} (T00g) ¢ 1 todref] £q poqLosop sodA} uonejosoa jo soads [RpoJN F XIANHIDY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

76

TLEOO- 86900 €9¥0°0- L€SO'0- 6570°0- £60T°0 C¢LTTO0 9%80°0 0TE0'0- ¥950°0- 14 oijofinua) pliawoubydals 92IA3.) 320y
6L0T°0- 0880°0- €680°0- 8/10°0 €TT00 TSS0'0 00TZ0 696T°0 TS00°0 T/80°0- 9S z|iy10430W DRUNDO 901N }20Y
8570°0- 0€V0°0 6¥70°0- 6090°0~ T0¥0°0- €062°0 T€80'0 S8T0°0- ¥¥50°0- C6€0°0- 09 bpLIqpIS bf3]1150D 3dIA34] Y20y
£8Y0°0 ¥9€0°0 7650°0- 0£L0°0- 7S60°0- 9961°0 €€6T°0 90200 6¢S0°0- €EV0'0- ¥9 osojjin sisdosAiyd 92IA3.D }20Y
£LT¥0°0- €0¢0°0- ¢1S0°0- 2CS0°0- S090°0- L0VT°0 0881°0 80170°0- €1S0°0- ¥50°0- ¥9 Lajpuaf plpuaLY 901N }20Y
S€S0°0- T¥20°0 0¥S0°0- S¢v0°0- ¥520°0- CC0€0 87600 80000~ CELOO- 1vL0°0- 78 SN1p2LIUI SNAIPI0243D) 3dIA34] }d0Y
88TT°0 9/90°0 92010 95¢0°0- 1€20°0- 87100 €460°0 82000 19900~ 86700~ 43 ojjAydosaiay bija0Yd ysn.ag uiejunojn
8T€E0°0- ¥€50°0- 9900°0~ 07200~ ¥1v0°0- w100~ CEVTO €880°0 8200 9€00°0- 43 SU3353UDI DIYIUDIIDYIDIN ysn.ig urejuno
£TS0°0- £820°0~ STE00- 69€0°0 00TO0 9£00°0- T09T0 ¥90T°0 0v€0°0- SLL0°0- 43 wn.adso wnwisAi3 ysn.ig urejunojn
€5¢0°0- LTS0°0 ¥6€0°0 20€0°0 8€00°0- ¥0£0°0 TO0T'0 06600 86800~ 1620°0- €€ wnsowap. wnuobou3 ysn.ig uiejunon
97v0°'0 799T°0 £8T0°0 S¥T0°0- ¥£00°0 LTTT0 11200 8S€0°0- L8€00- 6T20°0- 6C siuols uo4ablig uoAuid-sadiung
€€S0°0- €790°0- LT90°0~ VvL€0°0 €400 L6L0°0~ 6810°0- 20ST0 88€0°0 T9€0°0- 123 SN3opJ0I SNYyIUDIdIIIS uoAuid-sadiung
0%790°0- 1870°0- 0v750°0- €TST°0 091¢°0 61500~ 0ST0°0 69600 66£0°0- €9€0°0- 143 siinpa snuld uoAuid-sadiung
£6S0°0- 06£0°0- 8080°0- 0€60°0- ¥S0T°0- T/0T°0- 971900~ 961°0 LT9T°0 6€90°0- €S ojjAydouow snuld uoAuid-sadiung
T€60°0- TOE00- 6670°0- 0¥200 [4A7{0)0] 8/T0°0 €L10°0 6L€ET0 S620°0 €560°0- LS ljj20qj0y siqoiy uoAuid-sadiung
6¥CT0- L1800~ 9¥770°0- 86510 06610 T800°0~ 0v€0°0 T99T°0 8960°0- 0060°0- S9 Sisuaypbin Jalysubjowy uoAuld-sadiung
9£0T°0- €LTT°0- 8SCT°0- 8TE00 92200 98¥T°0- 9%0°0- 898T°0 90410 TS20'0 8 buiiadsoaso sniadjunf uoAuid-sadiung
6¥10°0- 04T0°0- 02200~ €9¢0°0- TEV00- §5¢0°0- 6€€0°0- TCE00- 9990°0 92200 6C 0s5033s PAIDI01I3d ysnigasges
00200~ L6200~ 1620°0- 0¢v0°0- 68500~ 6€€0°0- 09000 £8T0°0 6¥70°0 0€0T'0 6¢ byupILaLYd DIUNdO ysnigases
04T0°0- €6€0°0- 7SS0°0 €LT0°0 STT0°0- £8S0°0- 80€0°0- €020°0 T¥00°0- £600°0- 6C suabianip uoiabu3 ysniqases
0S20°0- 09€0°0- 99%0°0~ 0TL0°0- ¥160°0- S6v0°0- 8950°0- 100" ¢SLT0 T9S0°0 6C wnJojfisinds winJisoli3 ysniqases
11v0°0 SEVO0- TTL0°0- 9¢.0°0- T¥60°0- 78¢0°0- 0CT0 €0€0°0 9€T00 T800°0- 137 SNS0asNDU sNUWDYI0SAIYD ysnigases
YTE00- L¥20°0- 90¢20°0- ¥£20°0- 9€S0°0- 100 €ETO0 6600°0 €600 79700 LS saplowd|a snwA|3 ysniqases
9800°0- 79600~ €V0T 0~ ITT°0- 06ST°0- ¥860°0- 96900~ 0£90°0 LT8T0 6860°0 174 1901430405 DIZ314313ND ysniqgases
00¢0°0- 0TL0°0- T200°0- L0€0°0- 0S90°0- T¥60°0- £800°0 0¥T0'0 LET00 11200 00T D}DIUBPLI] DISIWLANY ysnigases
68¢0°0- 0€€0°0- 8¢¥0°0- 0990°0- L¥L0°0- C€S00- 6£90°0- LOTO'0- T€0T0 0vc0'0 0€ Inuowa.f snuwpyl0iosd ysnigpde|g
T8T0°0- 0820°0- 62€0°0- €650°0- S/90°0- 88€0°0- vs0°0- 0vzo0- S90T°0 L8100 o€ 11n0jab1q pod ysnigyoe|g
6¢¢0°0- 1920°0- 6€€0°0- 0SS0°0- 97900~ LT¥0°0- S6€0°0- S600°0 85020 29000~ 0€ wnajwaia wnJysoli3 ysnigde|g

yueq uoAue) neajeld dojesaly dojesaN  YPoHPIS spues sado|s spue|mon siel4 20 % sa10ads |epoN adA] uoneyadapn
-weans 1IN ysH 1addn 1Mol puejdn Aoy puy pueimon

‘ponunuoy) ‘f XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



77

PLANT COALITION GROUPS OF ZION NP

2015]

00000 OTET0 7SL0°0 69600 ¥191°0 9t700°0- 8050°0- 11500~ L¥60°0~ T€T00- 8¢ suada. bjuoyo 414 3YM-ai4 se|Snog
STS0°0- §S00°0- 60500~ €00 §SS20°0 9t700°0 117400 ¥08T°0 8EV0°0- 07900~ 8¢ wnJojndods snddodojdoH J14 3UYM-a14 seidnog
v10°0- 607T°0 STT0°0- £900°0 20800 890C°0 TL60°0 2100 €780°0- 91S0°0- 8¢ ojja4dso pqoiq 414 3UYM-a14 se|Snog
6270°0 ¥19C°0 6€TT0 €000°0 [4%00} £8S0°0 6870°0- 1S¥0°0- 88600~ 95S0°0- 15374 wnypyuapIpupIb 493y 414 3YM-ai4 se|Snog
0€TO00 L¥E0'0 L6YT0 ¥£0T°0 90800 66700~ 7S90°0- 12900~ TS60°0- LTTO0- 14 DUDILIBWD DIIA J14 3UYM-ai4 se|Snog
1200 6SSC°0 60€0°0 Z¥00°0 €550°0 8CET'0 €8T0°0- ST¥0°0- 6¥80°0- 9.¥0°0- 14 11sa1zuawW pbnsopnasd J14 3UYM-ai4 se|Snog
86T0°0- 81000~ S00C°0 00410 T8ET0 8L¥70°0- 6v0°0- 9100~ 66110~ ¥ST0°0- [4% snjiydoa.o sodipalioydwAs 414 3YM-ai4 se|Snog
0Tv0'0 9€TT0 6S8T°0 62200 €090°0 §980°0 65500~ 0£L0°0- €680°0- 92200~ [45 J0joduod saiqy J14 3UYM-ai4 se|Snog
¥550°0- 000 £20T°0 €SST'0 ¥TTC0 [444 %01} S0S0°0 78700~ TEVTO- GEE00- LS 11504 X310) 414 3UYM-a14 seidnog
98€0°0- TZTIT0 8¥20°0 OTET'0 960C°0 90200 8TT0°0 8TT0'0- LOVT°0- €/50°0- 1L sayuisifw owisAyood 414 3YM-ai4 se|Snog
08700~ 99900 8TYT0 ¥08T°0 ¢6LT°0 00 ¥5€0°0 65200~ €10~ G€80°0- 98 112quinb sn2sanp 414 3UYM-ai4 se|Snog
T¢S0°0- ¥€0°0- 6¢90°0- 92C0°0- LEEO'O- 0SS0°0 6LET0 79170 S0S0°0- 09900~ 24 DwissIsNBUD DIINA duld esoJspuod
S0S0°0- 0L¥70°0- 9¥T0°0- 12800 L5200 78200 YIET0 LLL0°0 96900~ 98900~ 174 b1pjjaquin pipubWO) auld esoJspuod
8850°0- L€00°0- T0¥0°0- 6900°0- 2S00°0- 20ST0 0660°0 TL2T°0 £090°0~ 70800~ 144 bjuapoJOLW blibUSIY duld esoJspuod
SL¥0°0- €950°0- L6200~ CE8T'0 8TET0 SS€0°0- 65600 T¥200 <900~ 86€0°0- 0€ 0303U3pLI DIYSINd duld esoJspuod
0T00'0- €070°0- TTLT0 §580°0 05000 TTE00 87ST'0 TCE00- €690°0- ST00°0- 33 lisojbnop wnuobAjod auld esoJspuod
S£90°0- €0S0°0- ¢150°0- €EV00 T670°0 T2L0°0 988T°0 1S¢T°0 0¢s0°0- £9L0°0- 6€ bupjuOW0.35ND X0|Yd duld esoJspuod
9090°0- ¥500°0- 88¢0°0- 8/Y0°0 29900 9€ETT'0 6T6T0 STIT0 £80T°0- 2080°0- 4% sn1bqojinw o13uas duld esoJspuod
6¥60°0- L€80'0- 65600~ TOE0'0 €680°0 £9L0°0 LYTT0 CETTO €650°0- €T0T°0- 19 ojnyod sojAydolsorly auld esolspuod
L€80°0- 2L00°0- LT¥0°0- 16800 ££S0°0 98110 €8C1°0 CETT0 07900~ T6€T°0- S8 bupli3|puaf bod duld esoJspuod
CCe00- §820°0 0S00°0- LTLO0 171900 €661°0 SELT0 S/90°0- 9€TT 0~ ¥£S0°0- L6 psoJapuod snuld duld esoJspuod
¥810°0- TITT0 09700 16000~ T0TO0'0 L6CT°0 LETO'0- 96700 ST¥0°0- 6LT0°0- 8¢ SNJOJf111504 UOWaISUIJ 92IAS4D 20y
9T€0°0- 65200 Z6T0°0- TET00- 89700 8EET'0 861T°0 6020°0- 6TL0°0- 8¥770°0- 8T 1ubbUDI U0Jab1IT 921N 20y
¥2S0°0- L6S0°0- S080°0- S780°0- 0860°0- 08¢0°0- 95t0°0 TETTO 9€TT0 LT90°0- [43 bjjauiqn} sn24anp 901N o0y
8€V0°0- TI70°0 ¥£€0°0- SCT0°0- £000°0- 1200 ¢S0T'0 06200 §950°0- €6S0°0- 9€ sijiwny uowajsuad 901N Y20y
6970°0- €070°0- €890°0- £L€90°0- 1690°0- /600 £880°0 [4T4N0] ¥0£0°0 TSE00- 9€ .ojfiriafuod pyyupydAiy 30IA34D o0y
9850°0- 60700~ 27900~ €000 8000°0- oviT0 £TST0 YT1T°0 6TL0°0- §290°0- 9€ lisojbnop s1o0uaBYD 901N o0y
9S¥0°0- [4230)0y vS0°0- GEE0'0- 91t0°0- 9180°0 91€C’0 €4/0°0 29100~ C¢ES00- oy SIN3D| UoWAsUdd 921N o0y

jueq uoAue) neajeld dojpesaly dojesay oIS spues sado|s spuejmon siel4 20 % sa12ads |epoAl adA] uoneiadapn
-weasns 21N ysiH 1addn 1amo1 puejdn Mooy puy pueimon

‘ponunuoy) ‘F XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

78

€S€EE0 1,000 92100~ L¥90°0~ €L0°0- £L0¥70°0- €190°0- £S80°0- 9€€0°0- ¢T€00 [474 snJpuplp snwo.g uenedry
920T°0 7960°0 S6T00 T0C0°0- 9L€0°0- 917€0°0 19200 T91T°0 £000°0 68000~ w bubjdinopn| bisiwaly uenedry
€TISC0 €9TE0 66700 6£50°0- L¥¥0°0- 9€L0°0 8£90°0- 6260°0- TTL0°0- 9¢200- €9 opunbau 422y ueuedry
vv0°0 €8TT°0 £000°0 ¢SC0°0- 78¢0°0- T€C00- 0v€0°0- 99%0°0- 09¢0°0- ¥ST0°0- [44 Sljbulp4bd sninwin ueuedry
07500 LYYT0 S€90°0 87100 S6T0°0 8€C00 £S00°0- 1200°0- 9£20°0- 68T0°0- 0T bjojnso.s blibuuajuy suapJen Suiduey
T160°0 5600 79200 8£00°0- 8¢00°0 ¢S0T°0 VEV0'0 SL00°0 8€S0°0- 9€¢00 9T wnajuozp wnisiiy suapJeo Sulduey
- - - - - - - - - - 8T Winio10.n3 xain) suapueo SuiSuey
89¢T°0 €600°0 89000 LT20°0- 8%¢0°0- €910°0- 0¥¢0°0- 6C€0°0- €810°0- 60T0°0- 8C 0.13f1uojo3s s13s04bY suspueo Suiduey
0900°0- 6L€0°0 ¥820°0 w100~ 20700 ST20°0- YE€E0°0- 0%90°0- SGE00- 68T0°0- €€ 030][33S DUIID[IWS suapJeo Sulduey
Z8T10°0- T180°0 ¥£20°0- ¥£20°0- £020°0- 8€B8C'0 6080°0 97500~ 0T90°0- v/.10°0- €€ 1aqunyy pibiaquajyniy suapueo Suiduey
88000 v/L2T°0 0€TO'0- €¥20°0- 02000 EVTED 89200 78500~ ZT190°0- G8€0°0- 6€ wnsoydsapd wnyAydosrad suapueo Suiduey
0950°0- 8850°0- €TL0°0- 1890°0- 00£0°0- ¥£20°0- 79v0°0 9v¢T0 reET0 Tve00- 6€ sisuayoin uosabliy suapueo Suiduey
V€100~ 9LYT0 6880°0 9€0T°0 71900 0681°0 9t700°0 6880°0- 06TT°0- S800°0 or ouiinjan obopijos suapJen Sulsuey
29700 C¢T9€°0 0€90°0 S9€0°0- 5000 6v1°0 16€0°0- 0£90°0- 60£0°0- 18000~ ot wnaspq.ay wniiopdn3 suapJeo Sulduey
9STT'0 09TT0 SETO'0 €L10°0- ¥500°0- 1600°0- 68€0°0- STT00 ¥10°0- 6920°0- ot $2p02ND|6 42]SY suapueo Buiduey
L1800 0TTZ0 9/¥0°0 0€00°0- ¢STO0 04200 68T0°0- ¥1v0°0- 0620°0- ¥ST0°0- ov wnjjofiwansolpun wnuAzody suapuen Suiduey
§200°0- L8€0°0 S200°0- 9800°0- €CT0°0- 80T0°0- 0t7€0°0- 69700~ 0620°0- ¥ST0°0- 144 winjjaysind uoaypIapod suapJeo Sulduey
0£00°0- §850°0 €910°0- CEC00- 05¢0°0- 61600 69¢0°0- 60S0°0- §S€0°0- 6810°0- 0S osow.iof ibajinby suapue9 Suiduey
§800°0- 6/T0°0 LTT0°0- LT20°0- 8%¢0°0- €910°0- 0¥20°0- 89€0°0- ¥0¢20°0- 60T0°0- 0s oyaupsAiy vibajinby suapuen Suiduey
- - -- - - - - - - - 95 Slioulpid lj3qoT suapieo SujSuey
YETT0 €E9T°0 2200 SLEOO- C¢LE00- 7100~ £0S0°0- 6090°0- 6¥710°0- 6920°0- [44 Hysjam sy suapJeo Suiduey
§800°0- 6/T0°0 LTT0°0- LT20°0- 8%¢0°0- €910°0- 0t7¢0'0- 89€0°0- ¥020°0- 6010°0- 6L wnJofndods s|3s04boWD[0) suapuen Suiduey
§200°0- [0 210} C¢ET00 80€0°0- CS€E00- 87000~ 0v€0°0- 99t70°0- 0620°0- ¥ST10°0- 68 slauaA-snjjidod wnjupipy suspueo Suiduey
60T0'0 YET0'0 ¥SLT0 60700 6€50°0 €8¢0°0- 0L10°0- T970°0- SLL0°0- 8/10°0- 1424 wnJojndods sniadiung J14 3UYM-Ji4 se|Snog
08€0°0 7€S0°0 PTEE0 L6V0°0 1,200 80€0°0- ¢TL0°0- ¥90T°0- 77800~ 87000 6¢ oupisawp/ p1D|(31S 414 3UYM-ai4 se|Snog
£000°0~ €ESC0 9L¥0°0 67000~ 78€0°0 vrLT°0 6200~ 19700~ 60L0°0- 76200~ 6¢ suadsaqni biayanaH 414 YM-al4 se|Snog
0¢S0°0- 2600°0- TLS0°0- 02000 7800 €8T0°0 ¥020°0- 80¥C°0 TEVO0 88500~ 6C DjbWOouD snuixoi4 414 UYM-ai4 se|Snog
¢Ce00- LY6T0 L2000~ 80€0°0- 9t00°0- 8L0€°0 ££00°0 8EV0'0- 12600~ 95€0°0- €€ snsownp snasipojoH 114 3UYM-a14 seidnog
jueq uoAue) neajeld dopesaly dojesay oIS spues sado|s spue|mon siel4 20 % sa10ads |epoN adA] uoneyadapn
-weans 1IN ysH 1addn 1amo1 puejdn Mooy puy pueimon

‘ponunuoy) ‘F XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



79

PLANT COALITION GROUPS OF ZION NP

2015]

{feue dno.ug uonieod

postL Jou | (T00g) ‘¥

1adrepy Aq pasn vep uopaed Suiguey pyuowapddns ur y
SONUILLIOOUN UORRIYHUSP! 0} anp sisA[eue dnoid uonirod oy ur padwny a1am (100g) ¢ 310 1odief] ut pays

1d o10m s1)

DO DIYIGOT PUR WINLOIDIND XDy
aaouny) Jo saads oy

vL¥0°0 99TT°0 £€800°0 6v20°0- | LTEO'0-  6ETO0 9v00'0- : €9€0°0 €9€0°0- 16200- | 1¢ winJojfixo| wnipodAjay | uetiediy
69¢¥°0 99200 99000 6870°0- 6550°0- [440N0y 9/¥0°0- 9690°0- €5¢0°0- S¥20°0- 1C Sisuauys xtpwo| ueuedry
£20T°0 T6€0°0 99vC°0 85C0°0- SS¥0°0- 6000~ 9£20°0- 1660°0- 8650°0- S¥00°0- 1C sisuajpid pod uenedry
16900 ¥8TE0 9200 99€0°0- 09T0°0- €€80°0 TT€0°0- L¥S0°0- S0S0°0- SST0°0 TC sitbp.f suuaydoisAd ueuedry
6€00°0- 9S6T°0 L1200 €6¢0°0- 8€00°0- STSC0 50000 €8¢0°0- 8550°0- 0910°0- 9T ojjofianj blaUYISNDZ ueuedry
YvLED €09T°0 CLE00 L€SO'0- T0S0°0- 06T0'0- ¥970°0- ¢180°0- T00- oo 9T 3jpwaAy wnyasinby ueuedry
9€6€°0 6¥T0°0 80000 £870°0- €190°0- 79€0°0- ¥€S0°0- 9S/0°0- LLTO0- 6€T0°0- [43 muowauf snjndod ueuedry
798T°0 €920°0 0€TO'0- 96¥0°0- 9¥50°0- €T€0°0- 8.¥0°0- 8€90°0- 6¥€0°0- 69T0°0- [43 puinjan snuixo.id4 uenedry
00200 S0T°0 S800°0 6290°0- 8€S0°0- LST00 9S00 80€0°0- ¥890°0- v20°0- LE saploi34ods 03u3s ueuedry
S660°0 2092°0 €700 09%0°0- 9/T0°0- LS00 9870°0- §990°0- 0£90°0~ €6¢0°0 LE snjolj1d snwiolg uenedry

yueq uoAue) neajeld dojpesaly dojesay  PoHPIS spues sado|s spue|mon siel4 20 % sa10ads |epoN adA] uoneyadapn
-weans V1IN ysH 1addn 1Mol puejdn Aoy puy pueimon

‘ponunuoy) ‘f XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

RAPHS OF THE WESTERN NORTH AMERICAN NATURALIST

>

MONOG

j=3
0

9S€0°0- 28€0°0- ¥610°0- EVTO0 TOTO'0- T00°0- L1700 7000 0€20'0 T€00°0- pue|gnuys-piemQ pealyL-pue-a|paaN / ysnigases yoe|g
9610°0- €8T0°0- €800°0 9910°0 S800°0 80T0°0- 8500 €05S0°0 €6T0°0- 6€T0°0- puejgnuays ysnigases 3ig / ¥eQ [aques
66€0°0- 69T0°0- SCT0°0- €9€0°0 €8€0°0 STv0'0 ¢160°0 09S0°0 LEVO'O- vv0°0- puegniys eyuezuelp jesjusaln
8¢20°0- 200°0- €1T0°0 9870°0 Tv20'0 ¥0€0°0 9890°0 85500 9L€0°0- 0€E00- pue|gnuys ssesSuonninl / e |aques
06T0°0- £220°0- 9100 T¥00°0 66000~ 72000~ 9560°0 L2200 0820°0- 6610°0- pue|qnuys ewess an|g / ysniqases sSig
9T¥0°0- YT€0°0- €810°0- 0£20°0 79000 61200 ¥9¢T°0 6£50°0 L8E0°0- 09v0°0- pue|gnuys ysnigases Sig UIEIUNOIA - BJUBZUBIA JE3|UIID
80€0°0- €7C0°0- L1TO0°0- ¢8T00 T0000- 60T0°0 S960°0 98700 L6T0°0- 6¢C0°0- Uo11E1259\ SNO3IBGISH PEDIYL-PUB-D|PIIN - BUWEID 3N|g
9sleds / snoadeqJaH / pue|qniys / puejpoo - %uom \ )I0.)21|S / spues puejan ITY

L0€0°0- ¢LC00- 91T0°0 €¢S0°0 9200 T¢C00- €T€0°0 76€0°0 2L00°0- S¢00°0 pue|qnuys peaiy|-pue-3|paaN / ysnigases Sig uiesunoy
8¢S0°0- T6€0°0- 98€0°0- 0Tv0°'0 £LS0°0 €¢T0°0- ¢Le00 99600 S900°0 L0¥0°0- pue|poO/ 350.4-41|3 Angsueis / Jadiunf yein - uoAuld d|pasu-om|
8540°0- T9S0°0- €6€0°0- 86500 wLoo T6€0°0- 85100 T1STT0 T1S00°0- LTS0°0- pue|poo 3eQ [aquen - AueSoyew-uteunoy / Jadiunr yein - uoAuid jea|a|suls
0Sv0°0- 8T€0°0- LE00°0- 08S0°0 0v€0°0 ST20°0 T9€0°0 89%0°0 T0TO0'0- 08100~ pue|gnuys-pemg ssesSuonniAl / ysnigases yoe|g
TEVO'O- 09T0°0- 6700°0- TS90°0 89L0°0 60€0°0 09900 £LSE00 £0S0°0- 8070°0- PUBIPOOAN BIHUBZUBA 4B3|USIID / BUld BSOIDPUOd
T¢S0°0- T0C00- 0800°0- S990°0 8TL0°0 €9¢0°0 STL0°0 6¢L0°0 T10S0°0- 88170°0- pue|qnuys (A11agad1nIas yein) - 3eQ [2quIes - BHUBZUBIA Jed|uaslo
€990°0- TSE00- €T€0°0- 08£0°0 €860°0 6£00°0 £T90°0 £€560°0 L0V0°0- rS00- PUB|POOA BUUBZUBIA JE|USID / J3dIUN( YeIN - UOAUld 3|paduU-0M|
LLY00- S1¢0°0- L0TO0- 19400 71800 ¢S00°0 981700 v1L0°0 LY¥0°0- 6770°0- pue|poo/ eQ [aqwe / sappads Jadiunf - uoAuld a|paau-om]
98¢0°0- 8LT0°0- TOTO0 09t0°0 €9€0°0 €000~ EVE00 Tv90°0 1120°0- £620°0- pue|gnuys A1iagadinIas yein / 3eQ |oquen
£L2¥0°0- €VT0°0- vT110°0 2€90'0 66900 8500°0- 0v10°0 7090°0 ¥0€0°0- 09€0°0- pue|qnuys (a8pas s4aAa9) / AueSoyew-uleuno - yeQ [aquien
7790°0- T9v0°0- LT€0°0- 8080°0 6€0T°0 9.10°0- 62200 8680°0 0€20°0- ¥L€0°0- pue|jpoop Auegoyew-uleunoly / sa1ads sadiunr - uoAuld s|pasu-omL
§950°0- L¥E€0°0- 0820°0- 87900 S¥80°0 €500°0- TOE0'0 89L0°0 89¢0°0- ¥9€0°0- uonelasa asieds Juswaned 320y AueSoyew-ureunop
3sieds / puejqniys / puejpoojn - sadojs Ay50y / doL essiN qTV

89¢0°0- 04T0°0- 0¢v0°0 T180°0 20600 ¢1€0°0- LTT0°0- 70T0°0- T11L0°0- €¢e00 puejgnays (aAy pliM apisweals) - sseaSieaym uidlsap / ysnigasdes Sig uiseg
L0¥0°0- LT20°0- S6T0°0 L¥80°0 L1800 0000~ S0€0°0 6EV0°0 £8S0°0- 6¢€0°0- puejpoop AueSoyew-uiejunolA jes|-in) / uoAuld s|psau-om|
T9¢0°0- SOT0'0- LSEO00 L¥L0°0 79500 90T0°0 6200 05200 8%S0°0- 96¢0°0- pue|poo Ysnigades xde|g / duld esOIapUOd
6€00°0 9%20°0 eoo 15900 12600 LTEO0 €0€0°0 S2Z0°0 LTL0°0- SZv0'0- pue|gnJys ejuezueA] uedixan
¥520°0- 9870°0 6€90°0 T960°0 8STT°0 80¥0°0 9/T0°0 ST00°0 7980°0- Try0'0- 153404 BJIUBZURA JE3|UDID / JIf SUYM
¥1¢0°0- T¢T0°0 LTY0°0 6€90°0 TESO'0 TEEO0 8.¥0°0 9€TO0 T090°0- S6¢0°0- puE|POO/ e [2queD / suld esoJapuod
PUBIQNIYS / PUBIPOO/ / 359404 - O] ESIIAl ‘ETY

sadojs Ayooy / )o0ad1is / spues puejdn / doy esan “TY

NOILV13ID3IA NOIZ JI¥3X 'V

yueq uoAue) neajeld doj esa|\ dol BSIIAI HoOHIIS spues sado|s  spuejmoq sie|q uol3e1P0SsSY JAN
-weans  ddIndL) ysiH 1addn 1Mo puejdn Aoy puy puejmo AydielalH uonealyisse|d dAIBUIRY XXX

‘uwn[od yoea 10§ A[ojeredos pa[eds I on[eA [[90 A SUIpRYS UdaLy) ‘suonenosse pue s30[d sso1oe pageroar uayj pue (¢ xipuoddy 09s) dnois uonirod yors 03 uoneal ut sowads
[O®a 10J PIIR[NO[Ed a1k sanfeA Y], ‘Jusoyaoo 1yd a3 Jo sjun ur are (suwnjod (7 1YsH) senfea Ajruygy “(1oded ur 2, 511 995) sdNOI3 WONIROD 0} SORIULJE U0 Paseq AYDIRISI] WONBOL}

-ISSe]D oARRWIO)E ue urgim paor[d (F00g) ‘T8 10 ues0)) AQ pOZIUS0daL St ‘Yey() V18] [PUONEBN UOLY JB WOISAS UOLBOYISSR[)) UONBIOSOA [RUONEBN “S'() 9Y} JO SUOHRIDOSSY *C XIANHIAY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



81

\T COALITION GROUPS OF ZION NP

PL

2015]

SL20°0 62¢0°0- 67€0°0 85¢0°0- S9t0°0- 78€0°0- £S00°0 €£00°0- €520°0 805S0°0 uoNedsaA SN0IBAIBH qNIYS [eANJRU-IWAS Sseldan|g AXonjuayl / ysniquqgey uaauo
0TL0°0 020°0- 79v0°0- €1L0°0- 9v£0°0- 89€0°0- SvS0'0 €420°0 0Sv70°0 00TO°0 puejgnuys uatieg / mojjim 310A0)
s13n0 2V

£00°0- LLYO'0- 0€V0°0- Svv0°0- 0990°0- 69v0°0- T1STO0 61700 T8L0°0 79€0°0 pue|gnuys |eanjeu-was sseasieayd / (Ysniquqqey 4agqny) - ysnigases sig
000°0- TZv0'0- T1S0°0- S¢S0°0- 0690°0- 9T€E00- €0T0°0 69€0°0 T980°0 94200 pue|gnuys neaje|d 0pe.ojo] ysnigases pues
68€0°0- 090°0- 7090°0- 86€0°0- G9GS0°0- 950°0- 0LTO0- S2¢80°0 ¥9¢T°0 TETO0 pue|poo ysnigasdes Sig / Jadiunr yein - uoAuld jeajd|suls
€950°0- ¥¥80°0- ¥SL0°0- 9€€0°0- 8550°0- 8690°0- T€00°0 L¥60°0 6871°0 21200 pue|poo ysniqases Sig / Jadiunr yein
TL¥0°0- 9690°0- L¥90°0- €9¢0°0- 6/4¥0°0- €690°0- 6£00°0- 95800 CCET0 9€00°0 pue|poo ysnigxde|g / sadiunf yein - uould jea||suls
020°0- 0¥S0°0- rS00- 1S70°0- T990°0- TL¥0°0- 8900°0- €0S0°0 TL1T°0 £LSS0°0 pue|qnuys-ylemq ed|es ,sawer / (saads sead-AppLid) - paamayeus
6820°0- 8L10°0- SSS0°0- T6v0°0- 66500~ ey00- 0810°0- £2S0°0 8EET'0 €020°0 uonelada) asieds spue|peg 1eaymINg P Jed|dsid
CEVO0- €590°0- S/£90°0- T0LO0- T980°0- 90£0°0- 8870°0- 98500 LEOTO LLY00 pue|gnuys e1s||eo sawer / ysnigxde|g
LTEO00- S090°0- S690°0- S6S0°0- SvL0°0- 0090°0- 06¢0°0- 99100 ¢69T°0 16500 puejqnuys ysnigxoe|g
9sieds / pue|qniys / pue|pooW - SPUe|MOT PUY "qZY

S9T0°0- 96S0°0- 6990°0- £6L0°0- 910T°0- 0090°0- 6070°0- TZv0'0 0LVYT'0 £L80°0 uo1e1ada/ SN0JBGISH B13||ED ,SBWef
6€T0°0- S0v0°0- £L1S0°0- 7890°0- ¢S80°0- 60S0°0- ¥020°0- L0200 98YT0 19600 pue|gnays jjesegq Jij-julor EpeAsN
T1S20°0- 2S0°0- 0¢90°0- 8%90°0- €8L0°0- 60S0°0- 85¢0°0- 200 6LETO ¥980°0 pue|gnuys ysngaes uiminod
STT0°0- T9%0°0- 09%0°0- T€90°0- 8SL0°0- 9450°0- £9¢0°0- ¥900°0 £L0TT°0 5600 puejgnuys ysnigasdes Sig - ysngies Suiminoy
LTTO0°0- 0€V0°0- 95S0°0- £780°0- £960°0- 8090°0- £790°0- 8€00°0- TvST0 S6CT°0 uonelada asieds uaydr / Jiy-3ulof epeAsN
00 T8T00- 9600°0- S870°0- 81L0°0- S9%0°0- ¥610°0- LETO'O TZ80°0 ¢SL00 pue|qniys papool4 Ajleuoseas paam-mo.ly
69700 L€0°0- €950°0- 0¢80°0- S660°0- TOE00- SL10°0 18100 61800 98900 uone1dsaA SnoadeqlaH uiseq 1eaJn passdoiq pues
3sieds /snoadeqiaH / pue|qniys / PUE|POO - S1E[d PUEIMOT / SPUBIMOT PIY "EgY

spues puejdn / sado|s Aydoy / spueimon gy

€800°0- £200°0- 8LE00 0S€0°0 S00°0 9800°0- S8€0°0 T¥00°0 TLT0°0- fax4{o)o} uo13e1939\ SN0IJBGISH Uiseq 38319 Pedly|-pue-3|pasN
Jspno Ty

8Y10°0- - 9ST0'0- : £9T0°0- : ¥CO0'0- : ¥ETO'O- - LSSO'0 L60T°0 1870°0 €ST00- S0€0°0- uoi1e1agap snoadeqaH Jarseuaplon AueH - (Alyni ureunoln “AlyniAl liypues)
¢9€0°0- ¢800°0- L1¥0°0- 8000°0- €¥00°0- 0T0T 0 6680°0 ¢LS0°0 S¢C00- 8¢v0°0- uone1asap asteds 320.1|S AueSoyew-uleluno 4|31
9€V0°0- v€0°0- 8¥0°0- 78700 T¢C00 08100 8500 €T0T°0 €500°0 S6€0°0- pue|poo AueSoyew-uieluno Jeajdjii / Jadiunr yein - uoAuld s|pasu-omL
7900~ 00 CEVO0- 920’0 vv20°0 81100 €160°0 €060°0 LSTO0- 9170°0- pue|gnuys eyuezuel Jeajuaaln - asol-i|J Aingsuels
6070°0- TL200- ¥S€0°0- 0200 €CT0°0 18€0°0 T6L0°0 Tv60°0 8TT00- 68€0°0- uoneasaA 3s1eds 320.1I|S duld BSOIBPUO
04¥0°0- 64¥0°0- L8E0°0- 98100 ¢1100 08T10°0- 90800 S£90°0 1000 2200~ puejpoop ysnigasdes Sig / sa1oads Jadiunf - uoAuld 9|paau-om|
yueq uoAue) neaje|d doj esa|\ doj BSIIN  ooMdIIS spues sado|s  spuemol siel4 uo11eoSsY JAN
-weasns  INdL) ysiH aaddn 1Mol puejdn Aoy puy pueimon Aydaesaiy uonesiyisse|) aANBUIRY XXX

‘ponuUnuoy) ‘¢ XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

RAPHS OF THE WESTERN NORTH AMERICAN NATURALIST

>

MONOG

82

LSY0°0 6090°0 098T°0 T6€0°0 9520°0 67000~ 95200~ S0S0°0- ¥650°0- £900°0- 152104 sqJod ||eL / Auiagmous urelunoly / uadsy Supjend
0070°0 LS¥0°0 S8¢T°0 12200 00T0°0 ¥200°0 9%00°0- ¥0¥0°0- L¥¥0°0- 79000 152404 [BJNJEU-IWIS SseaSan|g AYonjuayl / J14 SNYM - uadsy Supjen
/100 12000 LTL00 290°0 €LT0°0 ¥210°0- SLT0°0- 0£00°0- 90€0°0- T€60°0 U0NE198IA SNOIBGIDH [BINJBU-IUBS (SSRISIEIYM UIBISOM) - dWwo.g Yloows
T¥€0°0 ¥900°0 980T°0 €200 €TT0°0- S200°0- S¥00°0- TT¥0°0- §CC0°0- 18500 2dUel||Y SN03JBQISH PaPOO|4 Ajleuoseas [einjeu-1was sseidan|g Aonjuay
sno3deqJaH / pue|qniys / puejpoopn / 1sa4104 - neale|d YsiH ‘q1g

S850°0 08€0°0 78200 04T0°0 €ETO0 €£00°0 90200 ¢ST00 SCE0°0- 60€0°0- pue|poo eQ [aquien - sadiung uleunolA AYaoy
7€90°0 0T6T'0 18700 £900°0 SEV0'0 7650°0 7810°0- L8700~ €LL0°0- 89€0°0- 152404 3|dey Y300331g / Jiy-se|Snog
¥990°0 SEVT'0 69800 9020°0- 9¥T0°0- 90S0°0 7ST0°0- €Vv0°0- 6670°0- 6200°0- PUBIPOOA Ysnq|xaLig Jamojy|asseL / Jap|a-xog
89€0°0 LEEO0 T060°0 LEEOO S¥10°0 6200 TLEOO ¥120°0- €550°0- L6T0°0- PUBIPOOAN [BANJRU-|WSS BWOIgG YI0OWS / duld BSOIpUOd
81200 8L€0°0 £0L0°0 LL00°0 6700°0 8670°0 86€0°0 ¥S20°0- 7€S0°0- L6200~ PUBIPOOA UDORIgG UIBYLION / Buld BSOIdpUOd
S600°0- SS80°0 L8700 9€v0°0 2990°0 LLY0'0 LTTO0 T9T0°0 £690°0- T90°0- 152104 yeQ [9quen / Jiy-se|dnoq
8900°0- £680°0 £LSO0T'0 88400 £560°0 0ov0'0 9000°0- 86T0°0- 7860°0- 80t0°0- 153404 XeQ [2qwen / Ji 3UYM
0000°0 TSS0°0 02S0°0 9€S0°0 S€90°0 8620°0 78000 #1100 £SS0°0- SY€00- 159104 Aliagmous uteunoln / Jiy-sejgnoq
CTEET'0 6950°0 86T0°0 S¥10°0- 0800°0- ¥70°0 €900°0 V€00~ LYEO0- T120°0- uo11e}d39A SN0IIRGISH I5Pas payeag
€120°0 8810 S8L0°0 LVEDO ¥250°0 12S0°0 6T00°0- 9S10°0- £9L0°0- £9€0°0- 152404 3|dey Y100331g / JI4 SUYM
¥/20°0 €0£0°0 78L0°0 78200 9T€0°0 82200 0600°0 9800°0- 6990°0- 9920°0- 159404 YeQ [2quien / a|de|y y10013ig
SnoadeqiaH / pue|pooj /152104 - uoAue) adina1) / neareld YsiH ‘et

uoAue) 32184 / neaield YsiH ‘19

NOILVL3I93A NOIZ JISIN °g

T¥10°0- £900°0- 60100~ ¥£00°0- 9/00°0- €€T00- 6¥T0°0 2060°0 8820°0 0T€0°0- Pue|POOM YsY Jea|-a|3uls
¥£20°0- €5¢0°0- L8200~ 21000~ SS00°0- LT00°0- ZEE00 8760°0 18200 €220°0- pue|gnuys jeianjjod (A119gad1AIaS Yein) - 3eQ dAI ejjaulginy
6S0°0- €¥50°0- 9S€0°0- 61000 0810°0- 8¥70°0- 88T0°0- SLLO0 6TL0°0 0T00°0- pue|poo ysnigages yoe|g / Jadiunr yein - uoAuld Jeajajduls
T€S0°0- 8650°0- SSS0°0- 2000°0- 6CT0°0- €T70°0- 9100 ££0T°0 ¥0L0°0 CSTO°0- puejpoop Asoisiapun asteds / Jadiunf yein - uoAuld yes|a|duls
¥/%0°0- 0870°0- 6¥50°0- 9ST0°0- €220°0- S6T0°0- 0200 24494 22L0°0 9€20°0- puejpoo/ (A11agad1nuas yein ‘Aliaqoleyng jesjpunoy) / Jadiunf yein - uoAuld jesjajsuls
€LE0°0- 06%0°0- 69500~ 65200~ S9€0°0- S¥20°0- 2L200 TZTT0 €S/0°0 9100~ pue|pooA 3eQ dAIT ejjduigun / Jadiunr yein - uoAuld jea|a|uls
pue|qniys / puejpoo - sadols Mooy ‘pzv

6T20°0- 87200~ 78000~ 75000 €L10°0- ¥600°0 8€C0'0 ST20°0 S6T0°0 9.10°0 pue|gnuys-yiem@ ysnigafaiog / ysnigases yoe|g
21200~ 8C€0°0- 08€0°0- SC10°0- ¥2€0°0- €000 €660°0 68500 62000 T€C0°0- pue|gNIYS e93-UOWLIOIAl - YSNIgasioH Aesn
1020°0- L€S0°0- £0L0°0- S6v0°0- 8990°0- 6920°0- £690°0 S260°0 680°0 9€00°0 pue|gn.ys [einjeu-1was sseldieayd / ysniguqggey Jagqgny
7.00°0 ¥810°0- €670°0- €T¥0°0- 7600~ 0900°0 €900 8T€00 ¥610°0 STT00 uonelasap asieds ysodaq pues ysniguqgey Jaggny
asieds / puejqnays - sadojS a0y / spues pueidn gy

sueq uoAue) neaje|d doj eSIA dO) BSIIA HIOMIS spues sado|S  spuejmol sie|4 uol3e1P0ssy JAN
-wealls  ddIAdL) ysH 1addn 1amo1 puejdn Aoy puy pueimon Aydaeaaiy uoneaiyisseld aAneUIRY XXX

‘panunuoy) ¢ XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



83

PLANT COALITION GROUPS OF ZION NP

2015]

0¢sT'0 69000 ¥T110°0- T18€0°0- TL¥0°0- 98T0°0- 9500°0- ¥100°0- 1200 £L00°0 159404 MO||IM\ 330A0) / POOMUO01I0)) JUOW.S
99¥T°0 9%00°0 86000~ SSE€0°0- ¥L¥0°0- 7STO'0- £S00°0 €200°0 SETO'0 9€00°0- pue|POOM MO||IMd3S AloW] / POOMUOII0) JUOWDIS
0TLT°0 0L€0°0 8¢10°0- 00100~ ¥1v0°0- T910°0- €200~ SETO0- ¥100°0- 07000~ PUBIPOO YSY I9AI9A - POOMUOI0]) JUOWI
7SECTO0 61200 L6200 8970°0- 6950°0- 6€T0°0- €ETO0 L2200~ €200°0- 0¢00°0- uoI3e1989\ SNOJBAISH (YsniBulIN0dS pajedalie) ‘|1e13SIOH plald)
142740 SLY0'0 08T0°0 0S20°0- STE0°0- £800°0- 9€00°0- SEVO'0- ¢¢e00- SL00°0- puB|qnIYS SPIoUlWEID JISIIA / MOJ|IM 330A0D
Elzaal] TEVO'O S¢Z00 96€0°0- 80770°0- S¢00°0- T020°0- ¥120°0- ¥¢10°0- 000°0- puejgniys mojjimdass Aow3
QJ5H / qniys / pue|poof /1saiod -juequieants ‘qzg

S0S0°0 081700 YEV0'0 S9T0°0- 200 £200°0- 0TTO0 €500°0- L6T0°0- 29000 puejpoo Aloisiapun pagunisia / Japje-xog
6vTT°0 €€L0°0 0£0T°0 9710°0- ¥800°0- 0£00°0- 8110°0- 8£5S0°0- 76€0°0- 0TT0°0- pue|qnuys a8pas paseag / Mo||IM jea|dens
¥90T°0 TZv0°0 8v70°0 S000°0 ¥700°0- 60000 8¢10°0- 80T0°0- L1200~ §2C0°0- pue|qnIyS PSPOOA YdJig 11BN / POOMUOLI0D) JUOWIS
(0] 23 0] STE00 T080°0 €ETO0- £920°0- €400°0- 29100 T670°0- 9520°0- v710°0 uole1289\ SNO3JBAIH Ysny dlijeq
909T°0 92S0°0 T£90°0 LETO0- 68100~ L6T0°0 9600°0 6£70°0- 20v0°0- 6910°0- U018 SNO0JEGIIH 3FPIS BYSRIGIN
SN022eqJIaH / pue|qnIys / PUB|POO/ / 359104 - Neale|d YSIH / JUequieans ‘ecg

neaje|d YsiH /uequeasls ‘zg

181700 89100 15900 €520°0 10200 S20°0- 1800°0- ¥810°0 89T0°0- S0TO'0- puejgnuys A11agad1AIas yein
¥0T0°0 65900 99¢1°0 6850°0 LTS0°0 S9T0°0 £800°0- 8TE0°0- 80L0°0- €810°0- 153404 A11I9gMOUS UIRIUNO / 414 BUYM - uddsy Bupjeny
T900°0 ¢1v0’0 sT0 TELOO 76500 T000°0 T800°0- €7C0°0- 14070~ 90¢0°0- 152404 A11agMOUS uleIUNOIN / Ji4 dUYM
8€00°0 L0200 880T°0 €890°0 T¢S00 €000°0- 96000 6700°0- 0S90°0- €ET0°0- pue|gnuys Auisgmous uteunoy /3eQ |pques
1200 9600°0 8€CT'0 €520°0 9€00°0 2600°0- 20100 €9¢0°0- 6T70°0- CE€CL00 pue|gnuys |eanjeu-jwas ssesdan|g Ajonjuay / Allagmous uieunoy
L8100 80¥0°0 66ST°0 6v€0°0 68000 L¥10°0- 06T0°0- ¥£10°0- TEV0'0- £800°0~ Uo11e1989\ SN0IJBCIBH [INJEU-IWIS SSEISIEdYM dleIpawIaiul
00900 70900 SEIT0 L6700 04200 T0000 L€CO0- 95S0°0- ¥90°0- 80T0°0 152404 Allagmous uleunolA / yeQ [aques / uadsy Supjenp
jueq uoAue) neaje|d doj esa|n doj esIA Y0NS spues sado|s  spuejmo] sie|4 uo13e0SsY JAN
-weass  ddIAdL) ysH 1addn 1amol puejdn Aoy puy pueimon Aydaeaaiy uoneayyisseld aAneUIRY XXX

‘panunuoy) ¢ XIANAddy

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

SN0a%eqJaH / pue|qNIYS / PUBIPOOAA / 159404 - neale|d YSIH "qTg

153104 AJI3GMOUS UIBIUNOIA / JI4 SUYAM - uadsy Suiyenp

SNOBDBGSH / PUBIGNIYS / PUBIPOOA / 152104 - Nealeld YSIH g1

159104 |eJnjeU-IWSS sseaSan|g Ayoniua)y / i Uy - uadsy Supenp

2ouel||y 353404 uadsy Supjenp - Ji4 SHYM

353404 snonpldap-pjod - udaisiana paAneaj-ajpaau paxiAl "e*N'€"D’|
15940} SNONPIIAP-P|OI - UDISIBIND PIALRI|-3|PA3U PaXIW "€°)°|

15240} SNONPIIAP - UIISIANS paxiw *D°|

SN03JeqJaH / pue|qniys / pue|poopn / 18104 - juequiealls ‘qzg

159104 MO|I\\ 910A0) / POOMUOII0D JUOWAIH

V/ 159404 papoo|4 Ajuesodwa] poomuon0) Juowaly

SN03JeqJaH / PUB|gNIYS / PUBIPOOAN /153104 - neale|d YSIH 'qTg

152104 A1I3gMOUS UIBIUNOIA / YeQ [2quies / uadsy Suenp

9Juel||y 152404 papoo|4 Ajuesodwa] uadsy Supjenp

153404 SNONPI23P-p|0d papooyy Ajuesodwal p'N°Z'a’l

SN03JeQJH / PUBIgNIYS / PUBIPOOAN /153104 - neale|d YSIH 'q1g

159104 5qJ04 ||BL / AlIagMmous ulelunol / uadsy Supienp

9duel||y 152404 uadsy Supjenp

Sn0adeqJaH / PUBIPOO / 159404 - UOAUERD 3d1ARLD) / nealeld YSIH "eTg

153104 3eQ [aqwen / ajdey yi0013ig

3ouel||y 359404 auejuol 3jdeln Yyo01sig

1S940j SNONPIIBP-P|OI |40 40 dUBIUOIAl "q'N"Z°a’l
352404 SnONpII3P-p|0d *2°q°|

15340} snonp1dap *g'|

SN0dJEGJH / PUBIPOOA / 359404 - UOAURD 3DIARLD) / nedled YSIH ‘eTg

153104 A1iagMOUS uleIuNO|A / Jij-se[8nog

SN03JeqJaH / pUBIPOOAN /158404 - UoAue) 3d1n84) / neale|d Y3iH e1g

159404 3eQ [2qWe / Jiy-se|Snoq

Sn0adeqJaH / PUB|POOAN /159404 - UOAUEBD 3d1ARLD) / nealeld YSIH "eTg

159104 a|de| yro00181g / Jij-sej8noq

9duel||Y 152404 Jij-se|3noqg

SN030QJSH / PUBIGNIYS / PUBIPOOAN / 353104 - Nealeld YSIH ‘qTg

152104 A1I3GMOUS UIBIUNOA / 414 SHYM

SnoaJeqJaH / PUBIPOOAN /159404 - UOAUEBD 33IARID / neale|d YSIH ‘eTg

152104 YeQ [2qWeD / 414 3UYM

pue|gnIys / pue|poopn / 153404 - do] BSIA "BTY

152104 B}IUBZUBIA| JBD|UIBID / 414 DUYM

SN032eqJaH / PUBIPOOAA /159404 - UOAUED 3D1ARLD / neale|d YSIH ‘eTg

159104 3|deIAl Y100381g / 114 MYM

Souel||y 152404 414 dUYM

159404 UI34819A3 panea|-3|paau Jejodqgns J0 jesadwa) PaUMOII-[BIIUO) ' N8 V']

152104 UDDISIAN3 PAAE3|-3|PadU gV’
159404 U934B43NA3 "Y'

153404 I

saljule dNoJS UOIYI[EOD UO Paseq SSe|d dAIIRUIR)|Y

UoI1e1D0SSY

duel||y

uonew.og XX XXX
dnoup uonewuod XXX
ssepqns “X'X

SSV1D 'X

‘(toded ur 2, 81 99s) senrure dnotd uoRIrOd UO Pase( SASSe[d
aAnewg e ur Juaweor[d 1Y) pue (F00g) ¢ 10 uedo)) A Paziugooar se ‘yei) MIeJ [PUONEN UOIZ B UONRILISSE[) UONLIdZIA [RUONEN "S') Y} JO S}UN uone}dgop ‘g XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



85

PLANT COALITION GROUPS OF ZION NP

2015]

(a|9e|ieAeuN elep J0|d) palissejoun

PUBIPOOAN [BINJRU-IWAS DAI|O-UBISSNY

20Uel||Y PUB|POOA [BANJBU-ILUS D

Jo-ueissny

puejpoom snonpidap-p|o) ‘e'Nz'a°ll
puejpoom snonpidap-p|od ‘z'gq°ll

puejpoom snonpidap *g°ll

SN03JeqJaH / PUBIPOOAN /158404 - UOAUERD 321A34D) / neale|d YSIH eTq

pue|poo/ JeQ [2quies - sadiunf uieaunolA Ayooy

3ouel||y pue|poop) Jadiunf uieunon Axooy

pue|qnys / pue|poop - sadojs Aoy “pey
pue|gNIYS / PUBIPoO - sadols Aoy Py
(319ej1eARBUN BYEP 30|d) PalyISSEPUN

(a19e|ieaeun ejep 10|d) paijissejoun
asJeds / pue|gniys / pue|poo - SPUBIMOT PUY “qZY
asJeds / puejqniys / pue|poopn - sadojs Ajooy / do) esain "qTV

9sleds / pue|qnuys / pUe|pOOA - SPUBIMOT PUY ‘Y
pue|gnays \ pue|poopn - wwao_m >v_uox ‘pev

pue|qnuys / puejpoo - sadojs Aooy "pzy

puejpoop Aloisiapun asleds / sadiunr yein - uoAuld jeaja|duls
PUB|POOAN 3BQ 9AI7 EB||2UIqIn] / Jadiunf yein - uoAuld jea|a|duls
puUBIPOOAN peady]-pue-ajpasN / Jadiunf yein - uoAuld jeajs|Suls
puejpoom

e19||eo sawer / paamayeus / Jadiunf yein - uoAuld jea|s|3uls
pue|poon ysnigydelg / Jadiung yein - uoAuld jesja|suls
puejpoom

3eQ [aquen - AueSoyew-uieunoly / Jadiunf yein - uoAuld jea|s|Suls
puejpoopn ysnigases ig / sadiunr yean - uoAuld jes|a|duis
pue|poop ysnugades oe|g / Jadiunr yein - uoAuld jes|s|duls
pue|poop (AL1agadinIas

yein ‘Adisqojeyng jeajpunoy) / adiunr yein - uoAuid jes|a|duis

'V pue|poo (4adiunr yein) - uoAuid jesjs|duls

asleds / pue|qnuys / pUe|poOA - SPUBIMOT PUY ‘Y

puejpoo ysniugases 8ig / sadiunr yein

¥ pue|poo Jadiung yen

pue|gnuys / pue|poopn /1salo4 - do] esa| ey

SN022eqJaH / PUBIPOOAN /159404 - UOAURD 921A3.D) / neaie|d YSIH ‘eTg
SN032eqJaH / PUBIPOOAN /153104 - UOAURD 301A3.)) / neaje|d YSiH ‘eTq
pue|qniys / pue|poopn /1sa404 - do] esaln ety

asJeds / puejqniys / pue|poopn - sadojs Ajooy / do) esain "qTV

puUBIPOOA EQ [2qWEeD / duld BSOIapUOd

PUBIPOOAN UBXJBIG UIBYLION / duld BSOIpUOd
PUBIPOOAN [BJIN}EU-IWAS BWOIG YI00WS / duld BSOJIPUO
PUBIPOOAN Ysnigases xyoe|g / duld esoIapuOd

PUBIPOOAN BHUBZUE|A JES|USDID / Buld BSOIBPUO(

d0UEl||Y PUB|POOAA BUld BSOI3pUOd

pue|gnuys / pue|poop) /1sa404 - do] esan ety

asJeds / puejqniys / pue|poopn - sadojs Aooy / do) esain "qTV
asJeds / pue|qniys / pue|poop - sadojs Ajooy / do) essin "qTV
9sJeds / snosoequaH

/ Pue|gniys / puejpoom - sadojs Ayo0y / 320.31|S / spues puejdn Ty
asJeds / puejqniys / pue|poop - sadojs Aooy / do) essin "qTV
asJeds / snosdequaH

/ Pue|gnIys / pue|poop - sadojs Aja0y / 420.31|S / spues puejdn aTY
asJeds / puejqniys / pue|poopn - sadojs Aooy / do) esa|n "qTV

puejpoop AueSoyew-uielunolA jes|-|an) / uoAuld ajpssu-om|
puUB|POOM YeQ [2qwen / sarrads Jadiunf - uoAuld 3|paau-om |

puejpoopn AueSoyew-uielunolp / saiads Jadiung - UoAuld 3|pasu-0M |
puejpoop ysnigades 8ig / sa1dads Jadiung - uoAuld a|pasu-om |

pue|PoOA 3504-11D Angsuesls / Jadiunr yein - uoAuld 3|pasu-om |

puejpoom
AueSoyew-uiejuno|y Jeaa|11] / Jadiunf yein - uoAuld a|pasu-om|

pUBIPOOAN BIIUBZUBIA| JB3|USRID / Jadiunf yeln - UoAuld 3|paau-om|

ouel||y pue|poop (sa12ads sadiunr) - uoAuld sjpaau-om|

puejpoom uaaisiana paAnea|-ajpaau ‘_N_Dn_n:m 10 esadway paumo.d-papunoy ‘e'N‘f'Vv'Il

puE|POOM UDDIBIBND PANED|-3|PIBU *p Y ||
puejpoom uaai8ana y'||

aNviaoom-ii

salnuiye dnoud uo

0D UO paseq Ssse|d aAlleulaly

uoIeIOSSY

aauely

‘uonewIo] XX XXX o dnoio uoneuio XXX e SSBPQNS XX e SSE[D) X PONURUO)) 9 XIANAIIY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

86

(a19e|ieaeun ejep 10|d) paijissejoun

pue|gniys papoo|4 Ajuesodwa] sa10ads Jepad-1jes i 9duel||y pue|gqniys papool4 Ajuesodws ] |ednjeu-1was sa10ads Jepad-ijes

puejqnJys snojjAydoidiw papoojj Ajuesodwa) "N &V 1l

asJeds / pue|qnays / PUBIPOOM - SPUBIMOT PLIY "GZY

pue|gnIys neale|d opelojo) ysnigasdes pues

9oUel||y pue|gniys ysnigases pues

asieds / puejqnuys - sadojs Ayooy / spues puejdn oy

pue|gnuys |ednjeu-1was ssesieay) / ysniqiqgey Jaqgny

30UBlllY PUBIqNIYS Ysniguagey 1aqany

9sJeds / snoadequaH
/ PUBIaNIYS / pue|poo - sadols AYo0Y /00131l / spues puejdn ‘1Y

puUBIgNIYS BUUBZUBIA JE3|UDDID - 3SOJ-JJI|D Aingsuels

90UEI||Y PUBIGNIYS (3SOJ-JID UBDIXDIA ‘DS04-JID Angsuels)

asJeds / puejqniys / pue|poop - sadojs Ayooy / doj essin ‘qTV

pue|qnIysS peaJyl-pue-a|pasN / ysniqases Sig ureunojy

douel||y puejgnays ysnigases Sig uiesunoly

pue|gniys / pue|poopn /1sa404 - do esaln ety

puejqniys
(9AY pjIM apisweans) - sseadieayp ue1sap / ysnigasdes 3ig uiseg

duel||y pue|gniys ysnigases 3ig uiseg

asseds / snoadequaH
/ PUBIGNIYS / pue|poo - sadols AY20Y / 3201is / spues pueldn Ty

asseds / pue|qniys / pUB|POOAN - SPUBRIMOT PLIY "qZY

pue|qnuys eweus anjg / ysnigases Sig

pue|gniys
Jeanjeu-jwas ssedgieayd / (ysniguqgey Jagqgny) - ysnigases Sig

douel||y puejgniys ysnigasdes Sig

puejqnays uaai81ana snojjAydoldiw puejmot “e Ny v lIl

puejgnays uaaisiana snojjAydodiw H y 1

asseds / snoadequaH
/ PUBIGNIYS / PUBIPOOA - S1E[4 PUBIMOT / SPUBIMOT PLY "By

pue|gnIys papooj4 Aj|euoseas paam-mouly

90UEl||Y PUBIqNIYS PIPOO]S Aj|BUOSESS PIBM-MOLIY

puejqniys uaaiS1ana panea|-peoaq ajesadwal papoojy Ajjeuoseas "yY'N'z vl

pue|qnuys / puepoom - sadojs Aooy "pzy

pue|gNIys [eI1AN]j0) (A119GRDIAIBS YeIN) - B0 A1 BJjaUIqN L

3oUelllY Pue|gNIyS YeQ dAI e|Buign

pue|qNIYS / PUBIPOOAN /15304 - do| ESIIA "BTY

pue|gnIys eUBZUBIA| UBDIXIIA

2dUel||y PUB|GNJYS BHUBZUBA UBDIXIN

9sJeds / snoadequaH

/ PuB|qnIys / pue|poo - sadojs A)20y / 4204xd1|S / spues puejdn "aTY
9sJeds / puejqniys / pue|poop - sadojs Ajooy / doj essin "qTV
9sJeds / snoasequaH

/ pue|gnIyS / pue|poopn - sadols AYa0y / 3004301|S / spues puejdn o1y

puUB|QNIYS BUUBZUBIA| JE3|USIID
puejgnuys (A119gadIAISS YeIN) - 3eQ [SqWIED - B)UBZUB|A JES|UIID

pue|gnuys ysnigages Sig ulejunoA - B)UBZUBIA| JE3|UIID

V PuB|qnIYS BIUBZUBIA JES|USDID

pue|qniys uaais1ana paneaj-peouq alesadwal snojjAydoss|ds "* Nz v Il

puejqnays uaaigiana panesj-peoq ‘g vl
puejgnays uaaasiana "v'|il

ANVIENYHS "Il

pue|qnuys / puejpoo - sadojs Aooy "pzy

PUBIPOOAN YsY Jea|-3)3!

9JUel||Y PUB|POOAN PRPOOI4 Ajliesodwa] ysy jeal-a|8uls

SN03JeqJaH / pue|qnIyS / PUB|POOAA / 152404 - Yuequieals "qzg
SN03JBQJIH / PUBIGNIYS / PUBIPOOAN / 152404 - Juequieas "qzg

pue|PoOA\ MOJ|IMd33S AJOW3 / POOMUOII0D) JUOWDIH

PUB|POOM YSY I9A|SA - POOMUOLI0) JUOWaI4

90Uel||Y PUB|POOA PAPOO|4 AjlueI0dWa] POOMUO}I0D JUOWSIS

snoadeqJaH
/ PUB|QNIYS / PUBIPOOAN / 352104 - NEdIe|d YSIH / Juequieans “ezq
SN09JBQJaH / PUBIPOOAA /153404 - UOAURD 321A3J) / neale|d YSIH ‘eTg

pue|poop AJoisiapun pagunisiq / Japja-xog

puUBIPOOA YsNq|aydLig Jamoyy|asse] / Jap|a-xog

3ouel||Y PUB|POOM PaPOO|4 Ajliesodwa] Jap|a-xog

pue|poom snonpidap-p|od papoojy Ajuesodwia) *q'NZ'g"ll

saljule dnoaS UoI|BOD UO Paseq SSe|d dAIJeUI}Y

uoIeIoSSY

ERTE

‘uonewIo] XX XXX o dnoin uoneuio XXX e SSBPQNS XX e SSE[D) X PONURUO)) 9 XIANAIY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



87

PLANT COALITION GROUPS OF ZION NP

2015]

SN03JeqJaH / pue|qniys / pue|poopn / 1salo4 - juequiealis ‘qzg
(43113n0) spues puejdn / sado|S AY20Y / spueimoT ‘zv

pUBIGNIYS SPIOUIWEID DISAIA / MO|[IA 310A0D
pue|gnuys uaiieg / mo||im 910A0)

Qouel|y
pue|qnuys papoo|4 Ajiesodwa] (MO[|IM JeqpuesS ‘Moj|IA 910A0D)

snoadeqJaH
/ PUBIQNIYS / PUBIPOOAN / 352104 - NE3IE|d YSIH / Juequieans “ezq

pue|gnuys agpas payeag / MoJ|IM jea|jdents

aouel||y pue|gnIys papoold Ajiesodwa | MOJJIM jedjdents

snoadeqJaH
/ PUB|gNIYS / PURIPOOAN / 152104 - Nedle|d YSIH / yuequieals ezg

PUB|GNIYS PIPOO Yd4ig JBIEAN / POOMUOII0D) JUOWDIS

90UEl||Y pUe|qnIYS PaPOO|4 AjlieJodwa] ydaig J21eAM

puejgnays snonpiaap-p|od papooyy Ajuesodway *pNz g1l

SN03JeQJSH / PUBIGNIYS / PUBIPOOAN / 35904 - nealeld YSIH 'q1g
asJeds / snoasequaH

/ PUBIqNIYS / pUB|POOM - 53dO|S AX20Y / 32044d1|S / spues pueldn Ty
9sJeds / snoaseq.aH

/ PUBIqNIYS / pue|pOO - s3doS A%20Y /3204d1IS / spues pueldn a1y
asieds / puejqnuys / pue|poop - sado|s Axooy / do] esaN "qTV

asJeds / puejgniys / pue|poopn - sadojs Ajooy / doj essin "qTV

pue|gnuys A11agmous ulejunol / yeQ [pques
puejgnays sseiduonniy /3eQ [pques
pue|gnuys ysnigades 8ig / yeQ |oques

puejgnuys A112ga01AI3S Yein / yeQ [aqwes
pue|gnuys (a8pas s,4aAs9) / AueSoyew-ulelunojAl - 3eQ [squien

V PUB|qQNIYS eQ [pques

SNOAJBQIBH / PUBIGNIYS / PUBIPOOAN / 352104 - Nedleld YSIH "qTg

pue|qniys A1agadines yein

Qouel||y pue|gniys A1iagaoiaas yein

SN0aJeqJaH / pue|qnuys / pue|poo) /159104 - neale|d Y3iH "q1g

pue|gnuys |ednjeu-lwas sseadan|g Ayaniuayl / AIagmous uleunolp

20UEl||Y pPUB|qNIYS ALISGMOUS UIBIUNOA|

pue|gqniys snonpidap-pjod Oum‘.wnc._m._. ‘e'Nzail
pue|qnays snonpidap-pjod “z'ga’lll
PUe|gNIYs snonpi3p g'll|

9sJeds / snosoequiaH
/ PUBIGNIYS / PUB|POOA - S1B|4 PUBIMOT / SPUBRIMOT PLIY "BZY
9sJeds / snosdequaH
/ PUB|QNJYS / pUBIPOOA - S1B|{ PUBIMOT / SpUBIMOT PLIY "By

pue|gnuys ysngijes Suimino

puejgnuys ysnigasdes 8ig - ysngijes Suimino4

Qouel||y pue|gnIys ysnagies Suimino

asleds / pue|qniys / PUBIPOOM - SPUBIMOT PUY gV pue|gnIys ysnigpioelg
92Uel||Y PUBIGNIYS Ysnigydelg

as4eds / pue|gnIyS / PUBIPOOAN - SPUBRIMOT PUY gy pue|gniys e3a||eg sawer / ysnigyoe|g
pue|qniys 1asapqgns d1ydiowoax AjowaJIxa snonpdap Ajaaneynaey "q'N's'v'lIl

asJeds / pue|qnays - sadojs Ayooy / spues puejdn azy

PUB|GNIYS E31-UOWIOIA - YSNgasioH Aedo

dduel||y pue|gniys eaj-uow.o

9sJeds / snoadequaH
/ PUB|qNIYS / PUBIPOOAA - SIB|4 PUBIMOT / SPUBIMOT PUY "BZY

pue|qnuys 1jeseg J1y-3ul0f EPEASN

Q0UBI||Y PUBIGNIYS J1y-IUIOf BPEASN

puejgnays 11asapgns diydiowoiax Ajawaixa uaai8i1ana snojjAydosdiw pue panesj-peosg “e°NSV'lil

puejqnays 143sapgns d1ydJowosax AjpwaIxa 5y [l

salnulye dnoud uo

B0J UO paseq sse|d aAlleula)y

uoIeIoSSY

aauely

‘uonewIo] XX XXX o dnoin uoneuio XXX e SSBPQNS XX e SSE[D) X PONURUO)) 9 XIANAIIY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

88

snoadeqJaH
/ PUBIGNIYS / PUBIPOOAN /153104 - Neale|d YSiH / juBquieals “ezg

uole1a8a snoadequaH a8pas eyselqaN

\V SN032BQI9H PapOO|4 Ajjeuoseas a8pas eyselqanN

aduel|y
SN0aJeqJaH / PUBIPOOAA / 159404 - UoAue) 92IA3J) / nealeld YSIH eTg uoliela8a) snoadequaH adpas payeag $No®3EqIBH papoold Alleuosesas (a3pas pasesg ‘a8pas v_mmn,:w__oz_,_&
dduely uely

SN032QIAH / PUBIGNIYS / PUBIPOOA /153404 - neale|d YSIH qTg

snoadeqJaH papoold Ajleuoseas |einjeu-lwas sseigan|g Axoniuay

snoadeqJaH papoold Ajleuoseas [einjeu-jwas sseSan|g Axoniuay

snosdeqJsH
/ PUB|QNIYS / PUBIPOOAN / 153104 - NEdIE|d YSIH / Juequieans ez

uo1e3989/\ SN0IJBAISH Ysny dl3jeg

\/ SN02JBQJ9H PIpOO|4 Ajjeuoseas ysny dnjeg

puejsses3 Jejodqns Jo ajesadwal papoojs Ajjleuoseas H'N'S'V'A

9sJeds / snosdeqisH
/ Pue|gnIys / pue|poop - sadojs Yooy / 320u1|S / spues puejdn o1y

uoIe}d89A SN0IJBGIIH PERIY[-pUL-3|PIIN - BWEID an|g

20uel||Y SNORRQISH ewelD an|g

asJeds / snoadequaH
/ PUBIGNIYS / PUB|POOA - S1B|4 PURIMOT / SPUBIMOT PLIY "BZY

uoleja8aj snoadequaH e1d||en sawer

2oUel||Y SNOREBYISH BIR||eD ,sawef

puejssess sejodqns Jo 3jesadwa) pos 1oYS ‘3°N'S'V'A

9sJeds / snosdequaH
/ puB|gnJysS / pue|poOAN - S1e|4 PUB|MOT / SPUBIMOT PUY "BZY

uo[3e1989/\ SNOSIRAISH Ulseq 1eals passdolq pues

aduel||y shoadequaH paasdoiq pues

SN0aJeqJaH / pueqniys / puejpoop) / 1saJod - nealeld YsSiH "qTg

uoljeyasan
SN03JeQJaH |BJNJBU-IWSS (SSedS1eay M UI9IS9) - dwoug Yioows

2ouel||y SNO3JEGIDH |BINJBU-IWLSS SWOIg YIoows

(42112n0) sadoj|S Axa0y / 3201001|S / spues puejdn / do] esan ‘TY

Co_umuwww> SNosdeqJaH uliseg 1ea.n pealy]-pue-a|pasN

92Uel||Y SN03JBGISH Ydung peaty-pue-a|pasN

9sJeds / snoasequaH
/ PUBIGNIYS / pUB|pOOA - s3dols AYI0Y / 201iS / spues pueidn Ty

uone}asan
sSnoadequaH Ja1seusp|oo AdleH - (AlyniA ureauno ‘Alynial |iypues)

2ouel||y SNoadequaH AlYn|Al Ulelunon

puejssess sejodqns Jo ajesadwa) yaung |je3-wnipsAl ‘P°N'S'V'A

SnoadeqJaH / pue|qniys / puejpoopn / 1sa1od - nealeld YsSiH "qrg

u013e3983/\ SNOSJBAISH |BINJBU-IWIDS SSEISIBIYAN d1LIPAUWIDIU|

SoUel||y SNO3JEQIDH |BINEU-IWAS SSeISIBaYAN S1BIPaWIIU|

puejssess Jejodgns 1o ajesadwa) pos ||e3-WnIPaAl "N'S V'A
puejsseas sejodqns 10 ajesadwal "§Y'A
puejssess jejuuasad "y'A

NOILV.13ID3IA SNOIIVEYHIH “A

asieds / pue|qnuys / PUBIPOOA - SPUBIMOT PHY “GZY

pue|gniys-Jiemq e1aj|eo sawer / (sa1dads sead-Apdld) - paamayeus

V puB|gnIYs-femQ paamayeus

pue|qnays-yiemp snonppap-pjod asoxdsaed “e'N"Z g Al
pue|qnJYs-$IEMp SNONPIAP-PIOd *Z'g"Al
pue|gNIYS-}IEMP SNONPIBP *G'Al

asJieds / pue|qniys / pue|poopn - sadojs Aypoy / doy esaN ‘qTV
9sJeds / snoasequaH

/ Pue|qnuys / pue|poop - sadojs A0y / %2031|S / spues puejdn "aTY
asJeds / pue|qnuys - sadojs Ayooy / spues puejdn agy

puejgnJays-jJiemq ssed8uonnial / ysnigasdes yoe|g
pue|gniys-pemq pealyl-pue-ajpaaN / ysnigases yoe|g

puejgnays-yiem@ ysnigajiog / ysnigases yoejg

Jduel||Y pue|gnIys-JemQ ysnigases xyoelg

pue|qniys-jiemp piasapqns udaisiana u_InLOEO._WX >_UEW._HXN "E'NTVYAI

1Ys-JIeMp 13s3PYNS UISIN3 d1ydiowolax Ajpwanxa "'y Al

pue|qnIYys-JIeMp U33ISIBAS "Y' Al

saljule dnoaS UOI|BOD UO Paseq SSe|d AIJeUId}Y

uoIeIoSSY

souel||y

UONRULIOY XX X'X'X o dNoio) uoneuio] XXX e SSBPRQNG 'X'X e SSB[D "X ‘PONUNUOY) ‘9 XIANHIIY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



89

PLANT COALITION GROUPS OF ZION NP

2015]

asJeds / pue|gnays - sadojs Aooy / spues puejdn -ozy

uoneladop asieds ysodag pues ysnugiggey Jaqgny

[jeuoisinoad] uoneladap asieds ysodag pues ysniqiiggey Jaggny

SnoadeqJaH / puejqniys / puejpoop) / 1saJo4 - Juequieauls ‘qzg

puejgniys mojimdass Alow3

[jeuoisinoad] puejgniys mojimdass Alow3

Q3INIANY3LIANN LNINTDVId AHOYVYHIIH

9sieds / pue|gniys / pue|poOM - SPUBIMOT PUY "qZY
asieds / snosoequaH
/ PUB|gNIYS / PUBIPOOAN - S1B|4 PUBIMOT / SPUBIMOT PLIY "BZY

uoie1a8a asieds spue|peg 1eaymyong plIA jea|dsi)

uone}asaA asieds uaydr / Jiy-1ulof BpeASN

ouel||y pale1adap Ajesieds 1asag pajuled

asJeds / pue|gniys / pue|poop - sadojs Ayooy / do] esan "qTV

uonela8ap asieds Juswaned 320y AueSoyew-uiejunoy

ouel||y paieladap Ajasieds AueSoyew-uiejunoly

sadojs A1@ "q'N"€"D"IIA
sadojs Ap "€'3°IIA
sadojs J'JIA

9sieds / snoadequaH
/ PUBIGNIYS / pUe|poop - s3dols AYO0Y / 30041l / spues puejdn Ty

uonel}adap asieds yo0uxd1js AueSoyew-uieunop jesjann

ouel||y paie1asap Ajasieds AueSoyew-uieuno|n Jesjsnn

:O_umuwww> Jdejnasea asiseds YiM juawaned ‘e'N°Z'V'IINA

uojje1a8an Jejnasen asseds yum Juawaned "z v lIA

9sJeds / snosdeqJaH
/ PUB|IqNIYS / pue|pooAn - s3dojs A320y / 320.d1|S / spues puejdn ITY

uone1a8a asieds 320.21|S Suld BSOI9pPUOd

30U

v pa1e1a8ap Ajosieds yooupag papoo

uol1e1agan sejnasen asseds Yum sPid e NIV IA
uol1e1agan Jejnasen asieds Yum sPIP TV IA
uoe}asan sejnasen asieds “y'lIA

NOILV.L3IDIA ISHVdS “lIA

(s19ejieaeun ejep 10|d) paiissejoun

20Uuel||Y |BINJBU-IWSS SNOSJBGIDH SselSieay)

9oue|||Y SN03JBGISH [BINBU-1WIS sselSieay)

—u:m_mmm._n |enuue ajesadway MoYysS ‘Pp'N'TaAn
puejssess jenuue ajesadwal ‘z'a‘A

puejssess jenuue ‘q°A

SN0aJeqJaH / pue|gNIYS / PUB|POOAA / 152404 - uequieauls ‘qzg

uollea8a sNoadequaH (YsnSulunods pajedalien |1e3asioH plald)

dUuel||yY shoadeqlaH

papoo|4 Ajpusuewnadiwas (Ysnidulnods pajesaLieA ‘(1e1asioH pald)

uonelasan qioy [eluuasad ajesadwa) papoojy Apusauewsadiwas 3 N'Z'a'A

uone}asan qioy [eluuasad aesadwal “z'g'A
uone}asan quoy |ejuuaisad ‘g'A

(42113n0) spues puejdn / sado|S AY20Y / spueimoT gy

uoe1a8aA snoadequaH
qnJys [eanleu-1was sseaSan|g AYaniuayl / ysnigugoey usaln

90UBl||Y SN0AJBAGIIH qNIYS YsNIgigaey uaaln

J9Ae| qnays uaaisiana snojjAydosdiw 1o panes|-ajpaau asieds e yum puejssess Jejodqns Jo s1esadway ||e3-winIpa "°N'L'V'A

19Ae| qnuys uaaidiana snojjAydosdiw 10 panea|-ajpasau asieds e yum puejsseis Jejodqns Jo sjesadway *L YA

S31)1uly4e dnoJS UOI|EOD UO PISE] SSe|d dAIIRUISYY

20U

\4

UOREUWIO] X'X'X'X'X o dnorn uonruiog 'X'X'X e SSEPqNS XX o

®[D "X ponunuo)) ‘g XIANIddy

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



ow pue|qnJys / pue|poopn /153104 - doj esa|A "eTy 1539104 BYUBZUB|A| JBS|UDDID / I SHYM
m SN0aceqJaH / pUB|POO) / 152404 - uoAuE) 331A31) / neale|d YSIH eTg 152104 B0 [2qWeD / Ji4 SUYM
=]

1VM SN022eqJaH / PUBIPOOAN / 352404 - UOAURD 321A3J) / neale|d YSIH ‘eTg 153104 3eQ |aqwen / Jiy-sej3noq

dnoup 153404 Aig uteunojy Aoy uiayinos lisaizuaw e3nsjopnasd - 40]03U0d saIqyY

SN03JeQJaH / pUB|qNIYS / PUBIPOOAN / 152104 - neale|d YSIH "qTg 1539104 AJ1I9gMOUS UIBIUNOIA / 14 SHYM
- SN0a2eqJaH / PUB|POOAN / 153404 - UOAURD BD1ABID / neale|d YSIH eTg 152104 3|dey Y1001319 / J14 dUYM
m SN03JeqJaH / puUB|qNIYS / PUBIPOOAN / 152104 - neale|d YSIH "qTg 159104 AJIBGMOUS UIBIUNOIA / JI4 3UYA - uadsy Supenp
m SN0a2eqJaH / pue|gnIyS / PUB|POOAN / 153404 - neale|d YSiH ‘q1d 159404 |ednjeu-1was sseagan|g Ayonjuay / Ji4 Uy - uadsy Supenp
> SN03JBQJIH / PUBIPOOAA / 153104 - UOAURD 3DIABJD / Nedle|d YSIH "eTg 153104 3|de|n Y100181g / Jy-se[gnoq
W SN032eqJaH / PUB|POOAN / 353404 - UOAURD 3dIA31D) / neale|d YSIH "eTq 152104 3eQ [aquien / a|dejy Yyo0018ig
<

dnouo 153104 uleIUNOAl AX20Y UIBYINOS IS 11S3IZUSW BENSI0PNISd - suasund eadld - 10]02U0I S3IqY

159404 SUBIUOIA JOMOT UIRIUNOIA AXI0Y UIBYINOS

SN03JeQJaH / pue|qnIYS / PUBIPOOAN / 352104 - neale|d YSIH "qTg 159104 AJ13gMOUs uleuNOI / YeQ |aquies / uadsy Supenp

SNoaJeqJaH / pue|qnuys / pue|pooj\ / 1sa.104 - neale|d Y3iH ‘q1g 159404 Q.04 ||eL / Auiagmous ureyunolp / uadsy unjenp

dnoJo pue|pooj 1 153104 uleUNOA A)20Y saplojnwasy snindod

153104 13}1u0) auejuolAl YSiH %3 auidjegns uieaunoln Axdoy

SNoadequaH / pue|poo) / 1sa4o4 - uoAue) adiaai) / neale|d YSIH ‘eTg 152404 Auiagmous utejunoly / Jiy-sej8noq

dnoJo pue|poo 73 153104 SUBIUOIA] UIBIUNOIA] AXI0Y 3|PPIIAl lIS31zUsw eSnsjopnasd
153104 ||141004 '8 dUBUOIN JaMOT Aig ulelunoly Ax)dooy jesua)d
153104 93e49dWwa] |00) uleUNOIA AYd0Y - qN°Z'9'T
153104 9jesadwa] 100D - 2°9'T
159104 |easog g dlesadwa) - g'T
puejpoo uadQ 03 33404 - T

RAPHS OF THE WESTERN NORTH AMERIC

1348 dnoJS uoI1|EO0D UO Paseq SSe|d AAIIeUIR)|Y uol11eID0SSY
rm dnoup
w dnouSosep
= uoISING - XX'X'X'X

uoijewuod - X'X'X
ssepqns - XX
sse|D - X

“(€10%) DANSN 10 (£107)
9AIOGSINIEN WOJ PALIDJUL 10 PAUIRI(O a1om $asse[ DAN “(1oded ur 2 “S11 99s) sonmugye dnols woRIrod Uo pase( S9sSE[o dARRWISE Ul Juswaoe[d Iat pue (800 DADA) AypIeiey

% UOLBOYISSR[O POSIADL O} 0} SUIPIOdOE pagurlie (F(0g ‘T8 10 Ues0))) yein SIeJ [BuoneN uory je (HAN) UOHRILISSE[) UONRIOSOA [PUOREBN “S'() OU} JO SUOLRIOSSY /. XIANHddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



91

PLANT COALITION GROUPS OF ZION NP

2015]

pue|gnys / puejpoopn - sado|s AYdoy "pzy puE|POO/ YBQ SAI E[julginL / Jadiunr yein - uoAuld Jes|sjsuls
pue|gniys / pue|poopn - sadojs Aydoy ‘pey puejpoopn Aloisiapun asseds / sadiunf yein - uoAuld jea|s|duls
asJeds / pue|qniys / pue|poopn - sadojs Axdoy / dol ess|Al "qTV pue|poo yeQ [aquien - Aue3oyew-uiejunoly / Jadiunf yein - uoAuld jes|a|suls
9sJeds / pue|qniys / pue|poo\ - SPUBIMOT PUY “qZY pueipoom ysnugyoe|g / sadiunr yein - uoAuld jesja|suls
pue|gniys / pue|poopn - sadojs AYdoy ‘pey pue|poopn ysnugasdes yoe|g / Jadiunf yein - uoAuid jea|s|duls
9sJeds / pue|qniys / pue|poo\ - SPUBIMOT PUY "qZV puejpoo ysnugasdes 8ig / sadiunr yein - uoAuld jes|a|suls
pue|gniys / pue|poopn - sadojs AYdoy ‘pey | pue|poopn (A1iegadiaias yein ‘Aliaqoleyng jesjpunoy) / Jadiunf yein - uoAuld jea|s|duls
dnouo puejpoop ewaadsoalso sniadiung - ejjAydouow snuid
pue|gnuys / pue|poopn /153104 - do] esalA ety puejpoop AueSoyew-uieuno| es|-lan) / uoAuld a|pasu-om |
9sJeds / pue|qniys / pue|poo - sado|s Axdoy / do) esan "qTV pue|poon 3so04-J411D Aingsuels / sadiun yein - uoAuld ajpesu-om|
asieds / snoadequaH / pue|gnys / pue|poon - sadojs Adoy / 320.01|S / spues pueidn Ty puejpoop AueSoyew-uiejunop jea|sni / sadiung yein - uoAuld ajpasu-omy
asJeds / puejqnuys / pue|poo\ - sado|s Ayooy / do] essn "qTV pue|pooj\ eluBZUBIA JeS|USa4D / Jadiunf yein - uoAuld 3|pasu-om|
9sJeds / pue|qniys / pue|poopn - sadojs Axdoy / do) essiA "qTV puejpoop AueSoyew-uieunolp / sa1ads Jadiung - uoAuld 3|pasu-om |
asJeds / pue|qniys / pue|poop - sado|s Axdoy / dol essiAl ‘qTV pue|poon YeQ [aqwien / sarads Jadiunf - uoAuld a|pasu-om|
9sJeds / snoadequaH / pue|qniys / pue|poop - sadojs A)ooy / 3204321|S / spues puedn aTY puejpoopn ysnugasdes 3ig / sa1dads sadiunr - uoAuld a|pasu-omy
dnouo puejpoopn ewadsoalso sniadiung - sinpa snuld
9sJeds / pue|qniys / puB|poOOA\ - SPUBIMOT PUY "qZV puejpoop ysnugases 8ig / sadiunr yein
SnoadeqJaH / pue|poop) /152404 - uoAue) ad1naJ) / neale|d YSIH ‘e1g pue|pPoOM deQ [oquien - Jadiunf uieaunoln Ax20y
dnouo euuenes 3 pue|poopy ewladsoalso sniadiung
puejpoo Jadiunf uidisa - 1adiung yean - uoAuld es|a|Suls uieunowaju|
qnJas 13 pue|poo i a1esadwa] |00 UBILIBWY YLION UIdISIM - IN'Z'9’T
SN032BQJIH / PUBIPOOAN / 153404 - UOAURD 9dIARJ) / neale|d YSIH ‘eTg PUB|POOAN [BJINIBU-ILUDS BWOJG Yl00WS / duld BSOIapUOd
SN03JeqJaH / PUBIPOOA / 152404 - UOAURD 3dIABJ) / neale|d YSIH ‘eTg pUE|POOAN USXOeIg UISYLION / duld BSOJapuUOd
9sieds / pue|gniys / pue|poop - sado|s Axdoy / do] esa ‘qTV PUE|POO/\ BHUBZUEBIA JBS|USDID / dUld BSOJapUOd
pue|gniys / pue|poon /153404 - do| eSS|Al "BTY pUE|POO/ 3eQ [9qWieD / auld BSOJapuod
pue|qniys / pue|poopn /153104 - do| eSS|A "BTY pue|pPoo\ ysnugases yde|g / auld esolapuod

dnoJo pue|poo\ 7@ 153404 UlelUNO|A A0y uIayInos esosapuod snuid

Sal}Iulyje dnoJ8 UoIH|EOD UO paseq SSe|d dAIIBUIDYY

uol1e10SSY

‘dnoin) o dnOIZOIORJN o UOISIAI(] - XX'X'X'X o UONRUWLIQ] - X'X'X o SSBISqNG X'X ¢ SSB[D-X ‘Ponunpuo)) ‘2, XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

92

SN0a2eqJaH / pUB|gNIYS / PUB|POOAN / 353104 - neale|d YSIH ‘qTd puejgniys A1iagmous ulelunolp / 3eQ [aquies

asleds / snoadequaH / pue|gniys / pue|poop - sado|s AYd0y / 3o04301|S / spues puejdn OTY pue|gnuys ysnigases 8ig / yeQ |pquen

asieds / pue|gniys / pue|poo - sado|s Ayooy / do] essn ‘qTV pue|gnuys (28pas s,4aAs9) / AueSoyew-uieluno|A - 3eQ |aquien

dnoJup puejgnys aueluoly ureaunoll Aoy uiayinos eueluiSiia snunid - “dds Jaiyouepwy - Hjqwes snasanp

SN0adeqJaH / pue|qnIYS / PUB|POOAN / 1S3104 - neale|d YSIH 'q1d puejgniys A1agadiAIas yein

9sieds / snoadeqJaH / pue|gniys / puejpoop - sado|s A20Y / 3204301|S / spues puejdn OTY uonelasap asieds 3o0.d1|S AueSoyew-ulelunolA Jea|aii]

dnoJo puejqnays 141004 e1eqO|LI} SNYY - SISU3YEIN J3IYdUE|3WY - ShUuBlUOW Sndie30243)

pue|qnJys auejuolp ureunol Ajooy uiayinos

asieds / snoadeqJaH / pue|gnys / puejpoop) - sadojs A20y / 3o0u301|S / spues puejdn OTY uone1asa)\ snoadequaH Jaiseuap|oo AlleH - (AjynA uresunol ‘AjyniAl [iypues)

dnoup puejssel euejuow ei1aquajyniA - 113Ny} BINISSS - BIIUOZIIE BINYSDY
MOpE3|A G104 3 Sseu disa|Al dueluolpl YSiH 13 auidjeqns ueliaAnoduep-uiejunop Axooy
pue|gnJys g pue|ssel uesldwy YoN UIdISIM - BN'Z'9°C
puejgnays :3 mopea|\ ‘puejsseln jesadwa] - 2°'9°C
puejgnuys '3 puejsseu |eaiog 13 ajesadwa] - 9

puejssein g puejgniys - ¢

SN0dJEQUSH / PUB|qNIYS / PUB|POOAN / 15304 - Juequiealls ‘qzg puBIPOO MO||IMAI3S AJOWT / POOMUO}I0) JUOWIS

SN0aJeqJaH / pue|gnIyS / PUB|POO) / 153404 - Juequiealls ‘qzd PUB|POOAA YSY IDA[9A - POOMUOII0D) JUOWDIS

dnoug qnuas uelsedry 119s9g waepn Jofew sueiSnr - 113yS1uM snuejeld - 1uazijsim “dss sapioy|ap snjndod
153404 uenediy 1samynos waem

153104 dwems '3 papoo|4 UedIAWY YLION UI33SIMYINOS - PN'E°9°T

SN0aJeqJaH / pue|qnJys / PUe|poopn / 153404 - neale|d YSiH / juequiealls ‘ezg pue|gniys papoopn yaiig Ja1ep / POOMU01I0) 1uowal
pue|gnuys / puejpoopn - sado|s AYaoy "pzy pue|pooM Ysy jea|-a|3uls

SN03JeQJaH / pue|gniys / pue|pooA) / 153404 - yuequieanls ‘qed 159404 MOJ||IM 310A0) / pOOMUO01I0D) JUOWDIS

SN0a%eqJaH / pue|poop) /153404 - uoAue) a21nau) / neale|d Y3IH ‘e1g pue|pooA\ Ysnq|axdlig Jamoyjyjasse] / Jap|e-xog
SNoaJeqJaH / pue|qnIys / pue|poopn /152404 - neale|d YSiH / juequieans ‘ezg pue|poon Aloisiapun paganisiqg / Jap|a-xog

dnoJo puejpoo\ ueliedy eljojiquioys snujy - BignJ snujy - luazijsim “dss sapioyap snindod
159104 uenedry uiseg }ea.o 1 uleuno\ Ayooy
153104 dwems 13 papooj4 uiseg 1eaio 13 uleunol Axdoy - IN'€°9°T
159104 dwems 13 papool4 djesadwa] - €'9°T

sa1ulje dnous UoII[eOd UO Pase] SSe|d SAIIRUIDY|Y uol1e10Ssy

‘dnoin) o dnOIZOIORJN o UOISIAI(] - XX'X'X'X o UOQRULIQ] - X'X'X o SSBISqNG XX ¢ SSB[D-X ‘Ponunuoy) ‘2, XIANAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



93

PLANT COALITION GROUPS OF ZION NP

2015]

SnoadeqJaH / pue|qnuiys / puejpoopn / 1salo4 - neale|d YSiH ‘q1g

90UEl||Y SNO3JECISH PapOO|4 Aj|euoseas |ednjeu-1was ssedSan|g Ajoniuayl

SnoaJeqJaH / pue|qniys / pue|poop) / 152404 - neale|d YSiH / yuequiealis ‘ezg

pue|gniys a8pas payeag / Moj|iM jea|desls

dnouo puejgnays daas 1@ ueledry “dds xijes

SN032eQJaH / puB|gNIYS / PUBIPOOAA / 1S3104 - nedle|d YSIH / yuequiealls "ezg

uolea8a snoadeqaH a8pas eyselqaN

SN032eqJaH / PuUe|qNIYS / PUBJPOOA) / 153104 - nedle|d YSIH / yuequieasls "ezg

uol3e1a8ap snoadeqiaH ysny dnjeq

SNoaJeqJaH / PUBIPOO) / 158404 - UoAue) 92IA3J) / nealeld Y3IH eTg

uol1e1ada/ snoadequaH 93pas payeag

dnoig mopes|\ 19\ auejuol “dds sisosSewele) - “dds xase)

MOPE3IAl 19/\\ 8 PuUB|gNIYS 13\ duld|eqns 13 SUBIUOIA UBDLIBWY YLION UISISIM

SnoadeqJaH / pue|qniys / pue|poop) / 1salo4 - neale|d YSiH ‘q1d

uone1asa/\ SN02JEGIIH |eiN)eu-1WIS (SSEISIBIYAN UID1ISaN) - dWOoIg Yl00Wws

dnoup auiead sseaSpaxii iyuws wniAdodsed - ejnpuadinand enojainog - winiedods wnuAyoeziyss

pue|gnuys / puejpoo - sado|s AYooy pzy

pue|qniys 1 auield ssesSpaxi\ suield 3ealn
yYsJe[Al '8 MOPEDIA 19/ ‘PUBIGNIYS JIIBMUSDI4 UBILIDWY YHON UISISIM - GN'9°9°C
pue|gnuys |eiAn|jo) (A11agad1AIaS Yeln) - YeQ SAIT ejjaulgin

pue|gniys / pue|poopn /153404 - do| esa|N BTy

pue|gnIYS BIUBZUBIA] UBDIXIIA|

dnoup jeasedey) suadund sojAydelsorday - 1188248 snyjouea) - ejjauiqany snd1dNYD

|easedey) JoLiau| waep

asJeds / snoadequaH / pue|gqniys / puejpoopn - sadojs Ayooy / 320axd1|s / spues puejdn oTy

pue|gniys eHUBZUB|A JER|UIDID

9sJeds / snoadequaH / pue|gnuays / pue|poon - sado|s AY20y / 3204321|S / spues puejdn 2Ty

pue|gnuys ysnigases Sig uleluUNO|A - BYUBZUB|A] JED|USID

9sJeds / snoadequaH / pue|gniys / pue|poon - sado|s AY20y / 3204321|S / spues puejdn 2Ty

puB|qNIYS BIUBZUBIA| JE3|UIDID - 3S0U-H41|) AIngsuels

dnoup qnuos |JAydosajds aueluoAl snuinNjaA snyloued) - sisuapenau sojAydersoloay - ejnied sojAydelsordiy

|edsedey) Jo11a3u] 100D

puejqniys |esredey) snojjAydoua)ds J01131u] uedIBWY YLION UIRISIM - PN'Z'9°C

SN022eqJaH / pue|gnys / PUB|POOA / 153404 - neaje|d YSiH "q1g

Co_umummm> SnoadeqdsH |elnjeu-lwas mmmLMumm£>> 2lelpaliau|

dnou3 g dnosSosoew umouyun

SnoadeqJaH / pue|qnuiys / puejpoop) / 1salo4 - neale|d YSiH ‘q1d

pue|gnJys [einjeu-1was sseagan|g Ayonjua)y / Auiagmous uieunojy

asJeds / pue|qniys / pue|poopn - sadojs Aydoy / dol essiAl ‘qTV

puejqnuys (A11agadinias yein) - JeQ [9quien - ejluezUBA JedjudalD

asJeds / pue|qniys / pue|poopn - sadojs Aydoy / do] essin ‘qTV

puejqniys A1agadinias yein / yeQ [pques

asieds / snoadeqJaH / pue|qniys / puejpoon - sado|s AYd0y / 3o0j011S / spues puejdn OTY

pue|gnuys sseiSuonniy / 3eQ [pquies

sanulyje dnoig UoI3I[Od UO PISeq SSe|d dAIeUIRYY

uol1eI0SSY

‘dnois) o dnOIZOIRJN o UOISIAI(] - XX'X'X'X o UONRULIQ] - XXX o SSBISqNG X'X o SSB[D-X ‘Ponunpuoy) ‘2 XIANHAddY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

94

asieds / pue|gqniys / pue|pooj - SpUB|MOT pUY ‘qzy pue|gnys neaje|d opeJojo) ysnigages pues
asieds / pue|gnuys / pUe|poOA - SPUBIMOT PUY TV pue|gnIys ysnigxde|g
asieds / pue|qniys / pUe|poOM - SPUBIMOT PUY gy pue|gnIyS e13][eD Sauer / ysnigyde|g

dnouo pue|qniys neale|d opesojo) eueAalio) eipayd] - 149]1nd eipayd3 - ewissisowel auASoajo)

9sJeds / pue|gniys / pue|poo\ - SPUBIMOT PLY "qZY pue|gniys-Jiemq e1a||eo sawer / (sa1dads Jead-Apdlid) - pasmayeus

asseds / puejgniys - sadojs Ayooy / spues puejdn ozy pue|gniys [einleu-lwas ssesdieayd / ysniquggey Jagqaqny

(4313n0) spues puejdn / sado|s Ajooy / spueimot "gy uone}asa  snoadeqlaH qnuys [ednleu-1was sseigan|g Ayoniuayl / ysniguqgey uaain

asieds / pue|gnuys - sado|s Ayooy / spues puejdn gy uoneladap asseds usodag pues ysniqgliqgey Jaggny

dnouo pue|qniys eleue| BIAOYIUUIUYISEL)| - BSOISNEU BLISWEDLIT - SNIOJJIPIISIA shuweylosAiyd
puejssesn 1 puejqniys Aiqg uiejunowsalu| ;g uiseg }ealn
pue|ssesn 1 qnJog 13sag-1Was 00D UBILISWY YHON UJISIM - N'T'9"E
pue|sseJn 13 qnJds 1asaqg-1was |00 - T°9°E
pue|ssesn 13 qnids 1asag-1was |00 - g°€
149s3Q-1Was 13 Masa(q - €

SN022eQJaH / pue|qnIYS / PUB|POOAA / 153104 - SjuBquIeallS "qzg pue|gnuys mojjimdaas Alow3

(42113n0) spues puejdn / sadoj|s AY20y / spue|moT gy pue|gniys ualieg / mo||Ipm 210A0)

pue|qnJysS 3 MOPE3A 19/ “YsJe|\ J2lemysal4 [ealog g djesadwd] - 9°g ¢

asJeds / snoadeqJaH / pue|qniys / pUe|pooj\ - Siej4 PUBMOT / SPUBIMOT PUY “egY pue|gnuys papoo|4 Aj|euoseas paam-mouly

dnouo pue|qniys @ anbsog mo1 uenediy 149saq wae uedlidwy YiioN “dds sueydoeg - esojnpue|s sidosoad
YSJBIAl '3 MOPE3|A ‘pue|qniys 191emysal4 1asag wiem
YSJe[A] J21eMysalg 119saQg WIBA UBILIBWY YLION UIdISOMYINOS - IN'9'G"T

SN0dJeqJBH / PUBIGNIYS / PUBIPOOAA / 153404 - JuBqUEaNS "qZd puB|gNIYS SPIOUIWEID JISAIAl / MOJ|IM 910A0D

dnouo pue|qnays daas g ueledly uiseg 1ealn R uielunoAl Ayooy suadsagnd eiansalo4 - ‘dds sndaejes) - en8ixa xijes

SN0dJeqJBH / PUBIqNIYS / PUBIPOOAA / 15304 - Juequieals ‘qzg uoieadaj snoadequaH (Ysnidulnods pajesalien ‘(1e39sI0H plald)

dnoig mopeaA 18 Ysiel\l |eISe0) J21eMYsai4 UelidAnodue ) exdnugo xase) - 11pasa eunuasiy - sisuasuliaq eisdweydsaq

YsJe[Al '3 MOPE3A 19/\\ ‘PUBIGNIYS 19\ PuB|MO] dleladwa ] UedLIdwWwy YLIOoN U4dlsam

sa11ulje dnoJS uoIMeOd UO Paseq SSe|d SAIIRUIDYY UoI1eI0SSY

‘dnois) o dNOIZOWBJN o UOISIAI(] - XX'X'X'X o UONRULIO] - XXX o SSRISqNG X'X o SSB[D-X ‘PonuUnRuo)) ‘/ XIANHIAY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



95

PLANT COALITION GROUPS OF ZION NP

2015]

asleds / snoadeqJaH / pue|gniys / PUB|POOAN - SIB|{ PUBIMOT / SPUBIMOT PLY BZY pue|gnuys }jeseg J14-3ulof epeAsN

uo11eIaSAN HO0Y 18 3498 ‘WI|D HISIQ-IWIS WIB/\ UBILIDWY YLION
uoI1e1dSAA NI0Y 13 33495 ‘M) HISIQ-1WIS W\ UBILIBWY YHON - EN'T'D'9
uoieasa ooy 18 33498 ‘Yi|D HISIQ-1WIS Wep - T°D°9

uoeaSa No0Yy 1HaSaQ-1WIS 7§ 13SAQ - J'9

uoneasap yooy - 9

asJeds / pue|qnuys - sado|s Ayo0y / spues puejdn gy pue|gNJYS B93-UOWIOIAl - YsnigasioH Aeuo
9sieds / snoadeqJaH / pue|qnuys / PUe|poop - Sie|4 PUBIMOT / SPUBIMOT PUY "BZY pue|gniys ysngies suimino4
9sJeds / snoadeqJaH / pue|qniys / PUB|POOAN - S1B|4 PUBIMOT / SPUBRIMOT PUY "BZY puejgnuys ysnigases Sig - ysngijes Suimino4

dnoJuo gnuds ejeue| BIAOYIUUIUBYISEY - SUIISAURD X3|dII1Y - BI|OJI1IU0D X3|dLY

qnuds ysniqyjes uiseg 1eain

9sJeds / snoadequaH / pue|qniys / pue|poopn - sadojs A)a0Y / 3204321|S / spues puejdn oTY pue|gnuys eweuo an|g / ysnigasdes 3ig

asieds / pue|qnIys / PUEIPOOA - SPUBIMOT PLY "qTY pue|qNIYS [eInjeu-1WaS sseSieay)d / (Ysniguqgey Jagany) - ysnigases Sig

dnouo ysnugases [|eL elejuapli} “dss e3ejuaPLI} BISIWSMY - SISU3SuIWOAM *dss e1ejuUapLI} BISIWAMY

9s.ieds / pue|gnuys / pue|poop - sado|s Aydoy / doj essn ‘qTV pue|gnuys peaJyl-pue-s|pasaN / ysnigades Sig uiejuno

dnouo addals ) puejqnays |jel einpIdsIA “dss eued eiSIWAMY - BUBAISEA *dSS BIRIUIPLI} BISIWIDY - SlwJodIds *dss e1ejuapli} eisiwamy

pue|gnJys / pPue|poopn / 153404 - do] esa "eTyY pueignuys (aAY p|IM apisweals) - sseaSieaym usa1sap / ysnigases Sig uiseg

dnoup addais ysnigasdes Sig erejuapuiy elysind - ealiedi) eisiwayly - elejuapli] eisiwaly

addajs %3 puejgniys ysnigases ||eL ulejunowsalu] ;g uiseg 1eain

asieds / sn0adequaH / pue|qnuys / puejpoop - sado|s AY20Y / 3o0.3o1|S / spues puejdn OTY pue|gnuys-yiemq pealy1-pue-a|pasaN / ysnigases soe|g

9sJeds / pue|gqnuys / pue|poop - sado|s Aydoy / doj essn ‘qTV pue|gnuys-Jemq ssesduonniy / ysnigases yoelg

9sieds / pue|gnuys - sado|s A)ooy / spues puejdn -ogy pue|gnays-piem@ ysnigapog / ysnigases yoelg

dnoug addais 13 puejgniys eAou BISIWAY - IIN0[351q BISIWAMY - B|NISNgJEe eIS|Wauy

addais 13 puejqniys aSes jiemQ uielunow.ialu| 1@ uiseg 1ealn

asieds / snoadeqJaH / pue|qniys / pue|pooj\ - Siej4 PUB|MOT / SPUBIMOT PUY B2y uole1asa/\ snoadequaH uiseq 1eal passdoiq pues

(42113n0) sadojs Axo0y / 3o0u3d1|S / spues puejdn / do] esa|n TV uol1e1a8a/\ SN03VLGIIH UISeq 1eaUD pealy]-pue-3|pasN

asieds / snoadeqJaH / pue|qniys / PUB|POOA - S1E|4 PUBIMOT / SPUBIMOT PUY "BZY uole1a8a/\ snoadeqJaH e13||en sawer

asieds / snoadequaH / pue|gniys / puejpoop - sadojs AY20y / 320.3d11S / spues puejdn Ty uoneasa ) SNoadeqIaH pealy]-pue-3|pasN - BWelD an|g

dnoJo puejssesn 13saQg-1WaS elewod ediysosadsal - sapiousawAy wniayleuydy - nsawel siydeinajd

sa1Mule dnoJg UoIU|eOd UO paseq SSe|d aAlleud}|Y UuoI1eID0SSY

‘dnorn) o dnoiS0RIN e UOISIAI(] - XX'X'X'X ¢ UOLNRULIO - X'X'X o SSRISqNS X'X o SSB[D - X ‘PonunRuo)) ‘L XIANHIdY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



[Volume 8

AN NATURALIST

RAPHS OF THE WESTERN NORTH AMERIC

>

MONOG

96

T v T PUB|POOAN PUE 153404 JBJ1UOD PAXIIAl SUBIUOIA DISIIAl UIBIUNOIA AYO0Y UISYINOS | PUB|POOAA PUE 1S3404
T € T | PUBIPOOAN PUE 1S3104 J9JIUOD PIXIAl SUBIUOIA| JISIIA-AIQ UIBIUNOIA AYI0Y UIBYINOS | PUBIPOOA PUE 1S3404
4 pue|poopn auiney 3|de|Al Y1003Sig ulelunojAl AO0Y | PUB|POOAN pUE 3S3104

4 pUBIPOOAN PUE 153104 UBdSY UIEIUNOIA AY20Y | PUB|POOAN pue }sa104
z PUB|POOAN PUE 352104 J3JIUOD PaXIN-USdSY Suiseg UIBIUNOIA-I9IU| | PUB|POOA pue 153104
v 4 T pue|poop Jadiunf-uoAuld uiseqg 18349 | PuUBIPOOA PUe 3S3404

T T T v 1 pue|poop Jadiunr-uoAuld neaje|d OpeJojo) | PUB|POOAN PUE 3S3104

1 pueT Japur) pue 320y JIUBI|OA SUISEg UIBIUNOIA-Ja1u| ualleg

T 1 puejpeg a|eys suiseg UIBIUNOIA-I93U]| ua.leq

1 01 uoAue) pue i|) suiseg UIBIUNOIN-I93U] ualleg

T 1 1 aunq pazl|iqeis pue dAIY suiseg UIBIUNOIN-IS3U| ualleg

T € 1 puejajqe] pue uoAue) 3204pag pPaxIA neale|d opeojo) ualleq

qcd ecd q19 e1d PV d¢V qcV ecv OV qIv elv

(£ *814 93s) sse|) aAI3eUIR)|Y Ul SUOIIBIDOSSY JO #

wa3sAs |ed180j023

sse|) Jan0) pueq

‘(toded ur 2, “31q 99s) senrulje dnoIs UORIROD UO PISB( SASSB[D SANRWINE PUL (CT()g 2AIOSSINIEN WOI PALIBJUL 10 PIUIL}(0) SWS)SAS [BII50]
-009 PuR $ISSL[D I9A0D PUR] 0} PIYISSE[D (F00Z [ 10 UB30)) Y Yied [euoneN uory je (DAN) UONedyIsse[) UonejosoA [euoneN 'S () 9Y) JO SUONRIDO0SSE JO SIoquiny ‘g XIANHIdY

asJeds / snoadequaH / pue|qnays / puejpoopn - sadojs AY20y / }20.d1|S / spues pueldn ITY

uo[3e31989 9s48dS YI04321|S duUld BSOIPUOY

asleds / snoadeqJaH / pue|qniys / PUB|POOAA - SIE|{ PUBIMOT / SPUBIMOT PLY BZY

uonelasap asieds usydr / Jiy-1ulof BpeASN

asieds / pue|qniys / PUEIPOO/ - SPUBIMOT PLY “qzY

uonelasay\ asieds spue|peg 1eaymiong pJi jedjdsL)

asJeds / pue|gnays / puejpoop - sado|s Aydoy / doy esaN ‘qTV

uolle1939) asJeds Juswaned 320y AueSoyew-ulelunoy

dnouo uonela8ap asseds suiseg uieunowsdlu] *dds espayd3 - *dds sndaes0ssa) - “dds xajdiy
uonelasap asieds puejpeg 1 93435 ‘J1|D Suiseg uleuUNOWIAU|
uone1asap )I0Y 1@ 92495 ‘i1 MISIQ-1WIS [00) UBIIBWY YLION - EN'Z'D'9
uoi1e1933\ %20y J3Y10 '@ 9343S ‘YI|J HISIQ-1WIS 00D - 2°D°9

sal)ule dnoJg UoIH|BOD UO Paseq SSe[d dAIIBUIDYY

uoI1eI0SSY

‘dnorn) o dnoIS0IRIN e UOISIAI(] - XX'X'X'X ¢ UOLRULIO - X'X'X o SSRISqNS X'X o SSB[D - X ‘PonuUnRuo)) ‘L XIANHIdY

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



97

PLANT COALITION GROUPS OF ZION NP

2015]

1 pue|poop ueliedry aueluol-auld|egqns uieunolA Axooy puepam Apoop

1 1 pue|gniys ueliedry aueuon-auidiegns uieunolA Axdoy puepam Apoop

v iy iz T 1 pue|gnJys pue pue|pooA ueliedly ||IY1004-3UBIUOIA JOMOT UleIUNOIA AYo0Y puepam Apoop
€ T pue|qnJys pue pue|poo) ueliedly 149saQ WJBA\ UBILBWY YLION puejia Apoom
4 1 pue|gnJys pue pue|poo) ueliedly SUeIUOIA JaMOT 13saQ WIBAA UBDLISWY YHON puepam Apoop
T T 2dda15-qnJys 14959Q-1WaS Ssuiseqg uleyuno|A-4a3u| euuenes/addals

T z 2dda3s ysnigaSes aueUO|A SUISeg UIBIUNOIA-I33U| euuenes/addais

T 2ddais ysnugades 8ig suiseg ulelUNOIA-493u| euueAes/addals

1 pue|gniys pues neaje|d OPeJojo] UIdYINos puejgqniys

C pue|gNIyS []1Y3004-3UBIUOIA] JDMOT UIBIUNOIA AXD0Y pue|gniys

C 1 4 € pue|qnJysS aUBIUOIAl PAXIIN-YEQ [9qWeD uleaunoly A)ooy puejqniys

1 [4 1 1 |edsedey) uojjoSoN puejgniys

4 qnJas 13sa( 3esS PaXxIA Suiseqg UleIuUNoA--1a1u| puejgniys

C 1 1 1 puejqniys ysnigages Sig suiseg UIBIUNOIA-I33U| puejgniys

T T 1 puB|gNIYS Ysnigqases paxiiAl oLdX ulseq 1eal9 pue|gniys

T € T pue|qnays Jadiunr-uoAuld neale|d opeJojo) pue|qniys

T 1 T pue|gniys ysnigases moq paxi|A neale|d opetojo) pue|gqniys

€ pue|qnJys ea ] -UOWIOIA-Ysnigyde|g neale|d opelojo) puejqniys

v v iz 1 1 pue|gnJys pue pue|pooA ueliedly |IY1004-3UBIUOIA JOMOT UIBIUNOIA AYO0Y | PUB|Id9 SNOJECISH
4 1 MOPE3IA 19/\\ UBIUO|A-BUId|Y UIBIUNOIA AY20Y | PUBjIdM SNORJeqISH

4 4 z pue|ssel JISIJ-1WIS Suiseqg UIeIUNOA--13u]| snoaoeqJaH

4 T 4 PUB|POOAN BUId BSOJIPUOJ UIBIUNOIAl AYI0Y UJBYINOS | PUB|POOAN PUE 153404

qcg ecd qig e1d PCv d¢V qIv egv ITV ]IV erv

(£ *814 93s) sse|) aA1leUId)|Y Ul SUOIIBIDOSSY JO #

widlsAs |ed180]0d23

sse|) Jano) pue

‘ponunuoy) ‘g XIANAddy

Downloaded From: https://staging.bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 17 Feb 2025

Terms of Use: https://staging.bioone.org/terms-of-use



	BA820201
	BA820202
	BA820203

