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PREFACE

Although the United States is officially on a course towards joining the rest of the
world in embracing the metric (SI) system of measurement, old habits and ways of thinking
change slowly in places such as Grand Canyon, where 100,000 years is considered an eye
blink. Because most references to places, and indeed many of the place names, in the
Colorado River corridor of Grand Canyon are based on river mileage downstream of Lees
Ferry, we use miles for designation of distance along the river corridor in this report. River
miles, or RM, also includes a designation of river side, left or right, facing downstream.
Thus, RM 43.1 L indicates an area on the left bank of the river, 43.1 miles downstream of
Lees Ferry.

Similarly, because dam managers and others who have worked in the river corridor
have traditionally referred to discharge from Glen Canyon Dam in terms of thousands of cubic
feet per second (kcfs) and elevation above sea level in feet, we also will do so in this report.
The conversions to metric for these are as follows: Cubic meters per second (CMS) = kcfs *
0.02832, meters = feet * 0.3048, and river kilometers (rKm)= river mile * 1.609. All other
measurements of plants and habitats are in SI units.

There are many sources of scientific names for plants in the Southwest. Often, these
give conflicting names for the same species, based on differences in the opinions of the authors
of the floras, taxonomic revisions more recent than the source, and so on. We follow the
naming conventions in Lehr (1978) and its suppliments (Lehr and Pinkava 1980, 1982) in this
report. Appendix A of this report contains a preliminary checklist of species we have
collected and encountered in the river corridor. We also commonly use four-letter acronyms
for plant names to speed up both data collection and data entry. Because we have appended
data files to this report, we have included, as Appendix B, an alphabetical listing of acronyms
we used on data sheets.

Finally, this study could not have been conducted without the assistance of many
volunteers whose experience and expertise were donated happily. We also relied heavily on
the staff of NAU’s Deaver Herbarium an experienced field crew which we accumulated during
the previous three years of Interim Flows monitoring. The support, moral, financial, and
logistical, which was cheerfully provided by Mr. Dave Wegner and the staff of the Bureau of
Reclamation’s Glen Canyon Environmental Studies (GCES) Office is also gratefully
acknowledged. We also thank Ms. Nancy Brian of Grand Canyon National Park, the
Government Technical Representative for this report, for her extensive and energetic reviews
of this report.
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ABSTRACT

During the past year of vegetation monitoring, between September 1994 and October
1995, we have documented several important trends in riparian and wetland plant assemblages
in the Colorado River corridor of Grand Canyon National Park. First, fluvial marshes, in both
return-current channel and low sandbar settings, have continued to become drier, as measured
by the proportion of dry-site species in permanent plots. Although this trend is more apparent
during the spring censuses than fall censuses, data from both showed significant drying trends.
Second, with the exception of the assemblages in channel margin, pre-Interim Flows riparian
settings, vegetation in new high water zone settings are not changing significantly, at least not
in any directional manner attributable to the operation of Glen Canyon Dam. With flows
stabilized below 20,000 cubic feet per second (20 kcfs), plots in the new dry zone (between
20 and 28 kefs) continue to show considerable colonization by a variety of plant species, and
will likely continue to do so. Third, the trends in the number and total estimated area of
smaller marsh patches described in previous reports on Interim Flows vegetation studies did
not continue during the study period. We did not see the expected continuation in the
reduction in the total area of small marsh patches nor did we see an increase in the number of
these patches. Fourth, although eradication efforts directed at the exotic bunchgrass,
Erianthus ravennae, appear to have reduced its reproduction by removing many seed-bearing
adults, the population has not been completely removed from the park. In addition, other
significant exotic plant species, especially Lepidium latifolium and Eragrostis curvula have
continued to spread within the river corridor, and previously unrecorded species, such as
Festuca arundinacea continue to be found. Fifth, there have been no changes in the risk status
of Federally listed or candidate plant species in the river corridor within the park. No such
species were found within the zone of fluctuations. Finally, we have produced vegetation
maps for this report which include rectified polygon boundaries, censuses of the vegetation in
the polygons, and classification of the polygons based on their vegetation contents.

Key Words. Colorado River, community, Glen Canyon Dam, Grand Canyon National Park,
marshes, monitoring, riparian, vegetation analysis, weeds.
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STUDY SCOPE AND OBJECTIVES

In this document, we report on the results of a 10-month extension of Interim Flows
vegetation monitoring, covering the period from 1 December 1994 through 30 September
1995. We have also included data from a September 1994 field trip which was not included in
the previous Interim Flows project. Thus the data represent a full year of vegetation
monitoring.

This 10-month study was conducted to assess trends in riparian vegetation in the
Colorado River corridor between Lees Ferry and Diamond Creek in Grand Canyon National
Park. The primary objective was to continue the previous three years' worth of monitoring of
permanent quadrats and marsh transects in new high water zone (sensu Johnson and Carothers
1982) settings in the river corridor and at the channel margin of selected tributaries.
Previously established plots in the corridor old high water and xeric settings and tributary high
terrace and xeric settings were not censused during the study period in order to reduce impacts
and costs of the study.

As outlined in the work order, there were six specific objectives. These objectives, as
stated in the Work Order are:

a) Based on established permanent quadrats, determine whether or not plant
assemblages in the new high water zone (nhwz) are continuing to change during
the extension of Interim Flows management operations from Glen Canyon Dam.

b) Determine whether the drying out of existing permanent marsh plots is limited to
upper elevation plots or part of a long-term trend in vegetation changes in the
marshes in the Grand Canyon.

¢) Determine whether trends in both the number and total area of small marshes [are]
continuing under the extension of Interim Flows.

d) Determine changes in the risk status of threatened and endangered plant species in
the Colorado River Corridor within Grand Canyon National Park.

e¢) Determine whether significant exotic plant species are continuing to expand their
distribution within the affected area.

f) Prepare monitoring data from above objectives to be included into the Glen Canyon
Environmental Studies/National Park Service geographic information system
data base.

Previous monitoring studies during the Glen Canyon Environmental Studies (GCES)
Phase 2 and Interim Flows studies (L.E. Stevens, Applied Technology Associates / GCES,
Flagstaff, AZ, personal communication) have shown that vegetation changes in riparian
assemblages in the study area were related to changes in the operating criteria for Glen Canyon
Dam. These criteria (Figure 1), known as Interim Flows Operating Criteria (Bureau of
Reclamation 1995) reduced the non-emergency maximum discharge from 31,000 cubic feet per
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second (31 kefs) to 20 kcfs, increased the minimum discharge from 1 kefs to 5 kefs, and
restricted the hourly flow changes, or ramping rate, to 2.5 kcfs per hour up and 1.5 kcfs per
hour down. In addition, the maximum daily total fluctuations were limited to 5 or 8 kcfs for
months with low and high monthly release volumes respectively. The net effect of these
changes on high-elevation riparian areas has been to reduce their inundation frequency,
decrease the amount of fine sediments deposited during high flows, and to decrease the
impacts of scour and flooding disturbance (L.E. Stevens, Applied Technology Associates /
GCES, Flagstaff, AZ, personal communication; Stevens et al. 1995).
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Figure 1 Release patterns from Glen Canyon Dam Before (above: water year
1989)) and after (below; water year 1993) the imposition of Interim Flows
criteria. These graphs show weekly highs and lows. Daily highs and lows
follow similar patterms but tend to be lower on weekends. The shaded area
shows overall limits to releases, barring emergencies.

Kearsley and Ayers 3




METHODS

In this section we will describe the methods used during this study. Although these
methods came directly from the project which this work continues (L.E. Stevens, Applied
Technology Associates / GCES, Flagstaff, AZ, personal communication), they will be
redescribed here for clarity. Quality control measures for both long-term quadrats and marsh
transects will be treated together in a separate section at the end of the methods section because
they were done in an identical manner. Also, comments by Ms. Nancy Brian of Grand
Canyon National Park, the Government Technical Representative for this project, about the
suitability of these methods for long-term monitoring and their comparability to methods used
in other park units, and our responses to those comments are attached to this report in
Appendix G and Appendix H, respectively.

DATA COLLECTION

Long-Term Quadrats. For several reasons, Long-Term Quadrats (LTQs) were censused in
the fall of 1994. First, previous Interim Flows studies had censused LTQ in the fall only.
Second, these coincide with censuses performed by Hualapai riparian vegetation personnel,
making these data comparable to theirs. And third, floras encountered differ between spring
and fall trips, owing to differing phenologies of perennials and the abundant summer and
winter annuals. Therefore censuses in different seasons could lead to erroneous conclusions
about changes in assemblages.

Up to six LTQs had been established at each of 23 sites during the previous Interim
Flows vegetation monitoring studies. Each rectangular LTQ measured 10 meters by 5 meters,
with the long axis approximately parallel to the river channel. Four of these were located in
new high water zone habitats (Johnson and Carothers 1982). The other two had been
established in the old high water zone (Johnson and Carothers 1982) and in the desert zone
above that.

We censused only plots in the new high water zone for this study. These included plots
in riparian strip (RST), new dry (NDR), beach (BCH), and debris fan (DFN) settings. These
plots were laid out during the initial Interim Flows monitoring study (L.E. Stevens, Applied
Technology Associates / GCES, Flagstaff, AZ, personal communication) based on a set of
criteria applied to each habitat type (Table 1). We censused LTQs at 23 sites during the study
period (Table 2). Although 17 NDR plots were censused in the spring of 1995, we did not
have comparable data from the spring of 1994 with which to compare them, and therefore we
will not report on that data here.

During the initial census, the plots were established by locating the upstream, river-side

corner at a randomly determined point within a suitable area defined by the habitat criteria
(Table 1; L.E. Stevens, Applied Technology Associates / GCES, Flagstaff, AZ, personal
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communication). The hundredths digits from a stopwatch which had been allowed to run for
several seconds were used as the number of paces to be stepped off from an arbitrary point
within the suitable area (L.E. Stevens, Applied Technology Associates / GCES, Flagstaff, AZ,
personal communication). Even numbers indicated that the pacing should go upstream, odd
numbers indicated number of paces downstream. And if the number of paces indicated would
have meant leaving the area of suitable habitat, the hundredths digits were used to indicate the
percentage of the distance between the starting point and 10 meters from where the suitable
habitat ended. For example, if the stopwatch read 00:13.37, the corner would be located
either 37 paces downstream from the starting point or approximately 37% of the distance
between the starting point and 10 meters from where the patch of habitat ended.

Table 1. Habitat descriptors of Long-Term Quadrats used for initial plot layouts at the beginning of
Interim Flows monitoring (L.E. Stevens, Applied Technology Associates / GCES, Flagstaff, AZ,
rsonal communication).

Plot Type Stage Geomorphic Substrate Notes

Elevation | Setting
New Dry 20-28 Channel or eddy | Generally fine or | Newly exposed substrates
(NDR) kefs margin coarse sand
Riparian 28 - 40 Channel margin | No standard Pre-Interim Flows riparian
Strip kefs (substrate did not | vegetation
RST) matter)
General 30 - 40 Separation or Generally post- Back Beach habitats (Carothers
Beach kefs reattachment dam coarse sand | and Aitchison 1978).
(BCH) bars
Debris Fan | 35 - 50 Debris fans or Mixed sand, Generally drier habitats
(DFN) kefs talus slopes gravel, cobble

and boulders

Before we censused a plot, we relocated and laid it out in as we had before. Two to
four corners of each plot had been marked during the initial censuses, using small paint
corners (for plot corners that were on large rocks or bedrock), or buried stakes with nails in
the upper end (for plot corners in sufficiently deep sand). The collective memory of the staff
and return volunteers often was all that was needed to relocate the plots. Failing that, the
locations of the marked LTQ corners had been documented in two or more of the following
ways. First, site photos, depicting LTQ corners in ways which showed their spatial
relationship to prominent local features often allowed us find plot corners easily. Second, a
book of location descriptions, including descriptions of and bearings and distances to local
landmarks, was available in order to make sense of the photos (see Appendix I). Finally, plot
corners were georeferenced according to a local coordinate system set up at the site by
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Table 2. Location and description of plots censused as part of the vegetation monitoring during the final I
year of Interim Flows studies. Numbers in parentheses in the marsh columns indicate the number of '
transects. Plot type abbreviations are as in text.
RM/Side | Name NDR |RST BCH DFN Marsh '
2.6L | Unnamed camp x x X x
8.0 L | Jackass x x X x '
21.8 R | Unnamed camp x X X x
31.0 R | South Canyon x X x X .
41.0 R | Buck Farm x x x "
43.1 L | Anasazi Bridge p 4 X X Transects (10) .
47.0 R | Lower Saddle X
51.2 L | Unnamed camp X X x X Transects (10) '
§5.5 R | Kwagunt Marsh Grid (10 x 10 meter)
68.1 R | Tanner Beach X X X x u
71.4 L | Cardenas X X Grid (10 x 20 meter) |
93.9 L | Granite Camp X X x X .
104.0 R | Wannabe Ruby X X x
119.0 R | Unnamed camp X X X X '
122.2 R | Unnamed camp X X B 3 X
122.8 R | Forster Camp x x b X Transects (4) '
137.0 L | Ponchos X X X X
144.1 R | Kanab Creek X X X '
145.0 L | Above Olo x x x '
172.1 L | Unnamed camp X X x X Transects (10) .
183.1 R | Unnamed camp X X ' |
194.0 L | Hualapai Acres X X X X Transects (15) '
213.0 R | Pumpkin Springs x x x x
213.6 L | Pumpkin Marsh Transects (4) '
220.0 R | Gorilla Camp X X X X
Kearsley and Ayers 6 .
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the NAU Sandbar Studies staff during beach erosion studies (Beus and Avery 1992) or a
member of the GCES Survey Department, in accordance with standard practices. Thus, if
simpler methods failed, the surveyor on the trip could use these coordinates and an electronic
total station to relocate the plot corners.

After plots had been located, they were laid out as eight square subplots, each 2.5
meters on a side. These subplots were used primarily for field bookkeeping purposes,
ensuring that all areas of the LTQ were censused. Although originally intended as subsamples
for frequency analysis (L.E. Stevens, Applied Technology Associates / GCES, Flagstaff, AZ,
personal communication), problems of spatial autocorrelation (Burrough 1995 p 225-228;
Johnson 1978 p 253-261) did not permit this. Once the subplots were set up, they allowed
several people to census the plot simultaneously without worrying about overlap of effort.

Censusing of the plots consisted of identifying, counting and measuring all plants
within the plots by a reader, and the recording of the data, along with information on date,
time, and personnel, by a recorder. First, the reader would call out a list of all species within
a subplot. The list was recorded on a data sheet. The reader would then proceed to measure
basal diameters at ground level, to the nearest 0.1 centimeter, of all individuals of each species
in the plot using a ruler, and call these out to the recorder. These measurements for each
species were listed on the same line, or on contiguous lines if there were many individuals to
be measured.

Although not at all relevant to this report, an interesting facet of data collection
concerned the identification of individuals (it is not relevant because we use total basal area as
our measure of plant abundance). In all cases we used a common sense approach which
could be summarized as, if it looks like an individual, treat it as an individual. In some
cases, such as annuals or non-cloning trees, the stem protruding from the ground was
considered the individual. Other species, such as Equisetum x ferrissii were treated the same
way, even though these were known to sucker and spread via perennating rhizomes. We took
this approach simply because there was no non-destructive way of determining where one
individual ends and another begins. However, in cases where multiple stems appeared to have
a single origin at or slightly below the ground surface, the stems were treated as a clump
representing a single individual. We recorded these as a series of basal diameters in
parentheses to indicate that these were not separate individuals. For example, data recorded as

0.2,0.3, 2@ 0.5, 6 @ 0.4) indicated three individual plants, one of which had eight stems
coming from approximately the same point on the ground surface.

In order to finish censusing plots without taking more than one hour per subplot, we
estimated numbers and basal areas of some species in some subplots. For example, in subplots
with hundreds of Equisetum x ferrissii or thousands of annual bromes, it would have taken
hours to measure and count each individual. In these cases, we would delineate small patches,
usually a square area 10 cm on a side, which were representative of the density and size of the
species in that subplot. The number of individuals and their diameters, or diameter classes, in

Kearsley and Ayers 7




the small patch were counted, and these numbers were extrapolated to the entire subplot, or
the portion of the subplot covered by that species at that density.

To include the effects of elevation of each plot above the local water table, we surveyed
the plot corners using standard GCES survey protocols. Using an electronic total station,
representatives of the GCES Survey Department would measure plot northing, easting, and
elevation relative to the local control set up during GCES Phase II studies (Beus and Avery
1992; Beus et al. 1992). The plot elevations were converted to a height, in meters, above the
local 5 kcfs elevation. The latter elevation was provided to us by the NAU Sandbar Studies
group (J. Hazel, Northern Arizona University, Flagstaff, AZ, personal communication).

Marsh Transects and Grids. We censused marsh transects and grids twice during the study
period (September and April) for several reasons. First, previous Interim Flows studies had
performed semi-annual censuses of marsh plots at these same times, and one purpose of this
project was to continue Interim Flows monitoring for this final year. Second, our experience
had shown us that in productive habitats such as marshes, changes in species composition and
relative abundances can occur rapidly. Waiting a full year between censuses would have
meant missing data. And third, spring and fall floras in these plots differ, as stated in the
previous section, and we did not want to lose the information available from both censuses.

We censused marshes at eight sites using 1 m? plots arrayed in belt transects in return
current channels and grids in low sandbar marshes (Table 2). Marsh transects were re-
established before each census from endpoints which could be found by one of several
methods. Wood stakes with nails in their upper ends were pounded into the ground at the talus
end and at the river end of the transects. On these stakes, we had written in indelible ink both
the compass bearing (degrees magnetic north) from the talus side to the river side stakes and
the length of the transect. If one or both of these stakes could not be found, the coordinates of
the stakes, in the local coordinate system established by the benchmark and back sights, were
available (see Appendix I) and could be used to locate the stake’s original position with sub-
centimeter accuracy. Once the endpoints were located, we established the subplots by
stretching a meter tape tightly between them and dropping pinflags at 1 m intervals. These
points marked the upstream (down-return channel) corners of plots along that transect. The
position of the flags indicated the plot number (i.e., 0 - 1 m = subplot 1, 1 - 2 m = subplot 2,
etc.). Meter-long sticks, meter tapes, or other marking devices were laid out downstream
from these points, perpendicular to the transect, to indicate the sides of the plot.

In the marsh grids, each plot’s upstream, uptalus corner was marked with a nailed stake
which usually extended at least 15 cm above the ground surface. Because these were laid out
on a grid, once two stakes were found, compasses and meter tapes could be used to find ail
other stakes. In cases where the stake could not be found by these means, we could use the
coordinates of the stake in the same manner as in the marsh transects above. For plot
delineation purposes, meter sticks or tapes were laid out from the stake along the transect

Kearsley and Ayers 8




‘b wn e D m

towards the river, then two were laid out perpendicular to the first, downstream from its
endpoints. In this way, the whole 1 m? plot could be delineated.

Censuses of the marsh plots were conducted in a manner identical to censuses of the
LTQ subplots. Readers identified all species in the subplot, then counted and measured basal
diameters at ground level of all individuals of each species present. As with the LTQ data,
estimation of numbers and sizes or size classes was necessary in cases where individual
measurements would have meant spending more than 40 minutes censusing a 1 m? plot.

In order to reduce the costs and impacts of censusing, a subsample of only 50 1 m’
subplots per marsh were censused on trips after October 1993. These included both trips
covered by this project. Two to five plots per transect were selected for censusing. These
included the plot containing the transect thalweg (low point), the talus side plot, and up to
three haphazardly chosen other subplots on each transect. Exceptions to this subsampling
scheme included Kwagunt Marsh (RM 55.5 R), Forster Marsh (RM 122.8 L), and Pumpkin
Marsh (RM 214 L). We censused all of Kwagunt because it was known to have started as
scoured bare ground after the high flows in 1986 and 1987 (L.E. Stevens, Applied Technology
Associates / GCES, Flagstaff, Arizona, personal communication). We censused all plots in
the other two because they were small marshes, with less than 50 plots total.

To measure any large physical changes to the marshes during the periods between
censuses and to include height above the 5 kcfs elevation as a factor, topographic surveys of
the marsh transects and grids were conducted during each census. The surface elevation,
relative to a survey benchmark, of points along each transect and immediately upstream of grid
stakes, was measured to the nearest 1 cm by a volunteer surveyor using GCES standard survey
protocols. All points on all transects and grids were surveyed, even if the plots they described
were not going to be censused. As with the LTQ data, plot elevations were converted to an
elevation, in meters, above the local 5 kcfs elevation.

Small Marsh Patches. To assess changes in small marsh patches in each of Schmidt and
Graf’s (1990) geomorphic reaches, we collected data on the number and estimated area of
small patches on both sides of the river in each reach and compared them to previous
estimates. The initial studies of small marsh patches had used these reaches as experimental
units and, because this was a continuation project, we continued to do so. The rationale for
using this particular design was that these reaches are based on differences in width and parent
material (Table 3) which in turn would affect canyon morphology, riparian habitat width, eddy
current sizes, and a host of other physical factors (L.E. Stevens, Applied Technology
Associates / GCES, Flagstaff, Arizona, personal communication; Stevens et al. 1995)

A staff member who had collected the same data during previous trips in May 1993 and
April 1994 (K.A. Buck) recorded information on the location, approximate contents (i.e.,
Scirpus | Juncus, Equisetum, Typha | Scirpus, etc), and visually estimated length and width of
small marsh patches on a tape recorder during travel time on the river during the April 1995
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sampling trip. Spot checks of the accuracy of the visual size estimation during the May 1993
trip showed that the method was accurate to roughly +/- 10 % of each patch’s area (K.A.
Buck, Tucson, AZ, personal communication). This information was transcribed to a data
book in camp in the evening. This data was collected for some or all of each geomorphic
reach, depending on its length and the abundance of marsh patches. Short reaches and those
with very few, small marsh patches, were censused entirely. Only the first 5 to 10 river miles
along both banks were censused in longer reaches and reaches with abundant marsh patches.

Significant Species. We were also concerned about the effects of flow regulation on exotic
weedy species. For the purposes of this report, a native species is one which is native to
Arizona or the Colorado Plateau. All other species are considered exotics. Species referred to

l Table 3. The geomorphic reaches of Schmidt and Graf (1990) with width and parent material characteristics. I

Reach Reach Name River Miles Width Major Bedrock Units at River
Number Character Level
1 Permian Section 0-11.3 Wide Kaibab Limestone
Toroweap Formation Coconino
Limestone
Hermit Shale
2 Supai Gorge 11.3-22.6 Narrow Supai Group
3 Redwall Gorge 22.6-359 Narrow Redwall Limestone
4 Lower Marble Canyon 35.9-61.5 Wide Muav Limestone
Bright Angel Shale
Tapeats Sandstone
5 Furnace Flats 61.5-77.4 | Wide Tapeats Sandstone
Unkar Group
6 Upper Granite Gorge 77.4 - 117.8 Narrow Zoroaster Plutonic Complex
Trinity Gneiss
Elve’s Chasm Gneiss
Vishnu Schist
7 Aisles 117.8 - 125.5 Narrow Tapeats Sandstone
Vishnu Schist
8 Middle Granite Gorge 125.5-139.9 Narrow Tapeats Sandstone
Unkar Group
Vishnu Schist
9 Muav Gorge 140.0 - 159.9 Narrow Muav Limestone
10 Lower Canyon 160.0 - 213.8 Wide Basalt
Muav Limestone
Bright Angel Shale
11 Lower Granite Gorge 213.9 - 225 Narrow Vishnu Schist
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as weedy, whether native or exotic, are those which are aggressive colonizers, especially of
disturbed habitats.

We collected information on the changes in the distribution of two important exotic
species, Lepidium latifolium and Eragrostis curvula, in two ways. First, the incidence and
total basal area of the species was collected as part of the LTQ and marsh plot censuses. And
second, between-site spread was noted by keeping track of the downstream location of these
and several other species during travel time on the river. Rest stops, pit stops, and lunch stops
were all fertile ground for such botanizing, and when crew members saw what appeared to be
new downstream locations for these species we would pull over and investigate whenever
possible.

We also noted, removed and/or cut the seed heads from any individuals of Erianthus
ravennae, the invasive Eurasian bunchgrass, during the September 1994 trip. This grass has
been the object of an NPS removal effort for the past two years (K. Crumbo, Grand Canyon
National Park, Grand Canyon, AZ , personal communication). We dug out and cut the heads
from approximately 120 individuals from the debris fan above Cardenas camp (RM 71.2 L)
during the September 1994 trip. We also took out 5 - 10 individuals each from Kwagunt
Marsh (RM 55.5 R) and just below Boulder Wash (RM 192.8 R). The seed heads were
bagged in plastic bags and taken to the landfill on our return to Flagstaff.

We collected information on changes in the risk status of Federally listed and candidate
plant species only as part of other activities. At the start of this project, we were not aware of
any populations of such species in the river corridor. During LTQ and marsh censuses we
looked for any new species in the plots or in the site outside the plots. And during travel and
other non-censusing time, we would note the location of any potential new species. If crew
members saw an interesting plant during census or travel time, we would stop and investigate
whenever possible.

Voucher Specimens. Often during this project, we encountered plants which we needed to
collect. In some cases, these were unknowns in our plots which we needed to identify, but
could not because of a lack of time in the field. In other cases, the plants were unusual and
suspected of being new reports or simply not represented in the GCES reference collection at
the NAU Deaver Herbarium.

In all cases, specimens were collected, pressed with collection information and brought
back to Flagstaff. There, they were dried, identified, and mounted and labelled in accordance
with Deaver Herbarium standards. These standards included mounting the specimens on acid-
free herbarium paper with labels which contain information on location, habitat, collector,
date, latitude, longitude, and elevation of the collection locality. In accordance with the
requirements of the plant collecting permit issued for this project, specimens of each species
collected will be deposited at the herbarium at Grand Canyon National Park. Duplicates,
when available, will remain at the Deaver Herbarium.
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Inclusion in GCES/NPS GIS database. As called for in the Work Order, the data collected
from plot, transect, and grid samples has been included in the Glen Canyon Environmental
Studies/National Park Service Geographic Information System (GCES/NPS GIS) database.
All plots censused are rereferenced in the GIS according to their coordinates in the locally-
referenced coordinate system. These coordinates have been given to the GCES GIS
department, along with the name of the data file containing the census data. Thus, anyone
wishing to access vegetation data can select plot or transect indicators in the vegetation layer,
and be given the data file name which can be requested from GCES.

Vegetation Mapping. As part of a separate study, vegetation maps were prepared for 0.4 to
0.6 km of one side of the river at nine sites from data collected during an August 1995 trip.
The maps are composed of delineated vegetation polygons with information on the abundance,
measured as percent foliar cover, of all species encountered in the polygons. Although we had
intended to map vegetation at -6.5 L in Glen Canyon, we opted instead to map sites at 72 L
(Cardenas) and 194 L (Hualapai Acres) in addition to the other Grand Canyon sites at 43 L
(Anasazi Bridge), 51 L, 68 R (Tanner Beach), 94 L (Granite Camp), 123 L (Forster Camp),
and 209 L (Granite Park).

Map preparation began with 400% enlargments of 1:4800 color aerial photographs of
the sites in question (Table 2). We laid mylar sheets over the enlargements, and traced a
perimeter, based on the perimeter in the 1994 maps. Within that perimeter, we then drew
polygons around what appeared to be consistent vegetation units. These were areas of
vegetation which appear in the photographs to be internally consistent in terms of the
vegetation present and distinct from surrounding vegetation. On a field trip in August 1995,
we ground-truthed the mapped polygons by walking through the sites and checking the drawn
boundaries aganist the plant assemblages in them. We corrected the maps by adding, deleting,
and moving boundaries where it judged appropriate to do so. For example, adjacent polygons
may have appeared to be distinct on the aerial photograph based solely on the color of the soil
present, but actually were identical in the plants they contained. In such a case, the boundary
between them would be removed.

The corrected mylar maps were returned to Flagstaff where they were digitized and
entered into the GCES-GIS database using ARC INFO. Eight to fifteen ground control points,
whose x- and y- coordinates were known from either orthophotographs (Werth et al. 1993, pp.
7-8) or surveying, were added to each digitized maps. Using these control points, the
digitized map was rubber sheeted, or distorted to a true plan view, rectangular coordinate
representation. By using these ground control points, we ensured that the maps would
conform the the GCES and national mapping accuracty standards of +/- 6.6 feet.

During the August 1995 field trip, we censused all polygons below what was estimated
to be the 50 - 60 kcfs line. We based the line on our experience and that of the professional
river guide who accompanied us on the trip. Our judgements were based on the presence of
debris from prior floods and local geomorphology.
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Once we had made a complete species list for a polygon during and initial walk through
the whole polygon, we made one to several visual estimates of each species’ percent foliar
cover in the following way. A reader would walk through a polygon until the recorder, at
some non-systematic point, would call for the reader to stop. The recorder would then use a
table of six-digit random numbers to position the reader in the center of the next sampling
point. The first digit indicated the number of paces to be walked forward, the second whether
to turn left (odd) or right (even), the third the number of paces forward, the fourth whether to
turn left or right, the fifth the number of paces forward, and the last whether to turn left or
right. From that point we sampled a circular subplot, up to six meters in diameter. We made
visual estimates of the percent foliar cover of all species in that subplot.

We sampled up to five subplots per polygon, the number depending on the polygon’s
size and shape. We sampled very narrow and very small polygons with fewer estimates and/or
smaller subplots. The smallest polygons, those less than four meters across or longer but less
than two meters wide, were often sampled with a single visual estimate.

DATA ANALYSIS

Long-Term Quadrats. Data collected in the field during censuses were entered into a Lotus
1-2-3 spreadsheet file on a standard template. Each plot was entered into a separate
spreadsheet file. General data entered included plot type, date of census, initials of personnel
involved, and comments about plot condition. The plant data included subplot number,
species name (or acronym), number of individuals, number of stems, and the basal diameter of
those stems. Clumps (individuals with multiple stems) were recorded as a single individual in
these data files, requiring us to leave blanks or record the number 0" in the column for
number of individuals. For example, the clump data discussed under LTQs in the data
collection section would have been recorded on the data sheetas (2 @ 0.5, 6 @ 0.4) and
entered into the data file as one individual, two stems, 0.5 cm diameter and zero individuals,
six stems, 0.4 cm diameter. These data are included as Appendix C.

In order to avoid problems with spatial autocorrelation of species abundance data
(Johnson 1978), we entered a single value of total basal area per species for each plot. All
subplot data for each species were combined into a single value in a temporary file. All data
on species abundance per LTQ from 1994 were combined into a single file for analysis. All
LTQ data were checked (see Quality Control section below) for accuracy of species
identification and basal area information before being used in an analysis.

Because no single species or group of species had been identified to us as being a
management target or an indicator of riparian habitat health, we chose to use canonical-style
variables generated by ordinations to describe plot-wide changes in plant assemblages.
Ordination methods work because the many-dimensional species-in-plots data can be reduced
to a very few dimensions, or ordination axes. This dimensionality reduction is based on the
fact that the distribution of nearly all plant species in an area respond to a very few strong
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environmental gradients (Gauch 1980, pp. 118-120). Thus, by ordering plots along these
environmental gradients, much of the among-plot variation can be described.

For two reasons, separate ordinations were performed for each plot type. First,
differences in the species composition of plots in different geomorphic settings is likely based
on a number of non-moisture-related factors such as substrate particle size, plot aspect, and so
on (Table 1; Stevens et al. 1995). Such disjunct data sets are best handled in separate
ordinations (Gauch 1980 p. 215). Because we were looking for a ordination axis based on a
moisture gradient, in order to examine the effects of changing flow regimes, we could avoid
these confounding factors by analyzing each plot type separately. Second, we wanted a strong
moisture gradient axis to work with, and other factors may have diluted the effects of such an
axis if they had come out as earlier axes in the ordinations.

We combined data from LTQ censuses performed in September 1994 with data from
1992 and 1993 for each ordination. In this way we could follow the progress of each plot
along a single ordination-generated moisture gradient over the entire three year period, and be
sure that the ordination we used covered a greater representation of ordination space. Plot data
from all years was quality checked (see Quality Control section below) before inclusion in a
data set. All abundance values were log,, transformed before analysis, as is commonly done to
reduce random noise and convert values to an approximate 0 to10 scale (Gauch 1980 p 212).

We used detrended correspondence analysis (DCA; DECORANA, Hill 1979a) to
perform these ordinations. DCA has been shown to be superior to other ordination methods
when dealing with plant community data (Hill 1979a p. 3; Gauch 1980 pp. 152-160). In
addition, DCA simultaneously ordinates species and plots (Hill 1979a) in the same data set.
This makes it easier to interpret plot scores on an ordination axis, based on an examination of
patterns in the species scores on that same axis. For example, if species scores along an axis
could be recognized as a successional gradient (e.g., low scores for typical pioneer species
and high scores for climax species), then plot scores on that axis, which are simply the
average scores for species in them, weighted by their abundances, could be interpreted as the
plot’s position on a gradient of increasing successional status (see Gauch 1980, Chapter 4 for a
very readable review of this type of analysis).

Common sense, previous experience with ordinations, reviews in Gauch (1980) and
Jongman et al. (1995 p 105-108) and examples in the literature (Stromberg and Patten 1990,
1992; Smith et al. 1991; Auble et al. 1994; Ligon et al. 1995; Stevens et al. 1995) showed
that in desert riparian settings, moisture gradients tend to be among the strongest factors acting
on plant assemblages. Because DCA selects axes based on the amount of variation they
explain (largest first, next second, and so on) we expected that one of the first two axes would
represent a moisture gradient. Plot scores would then become the basis for analyzing change
through time.

After the ordinations were performed, we examined the species scores from each DCA
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axis to find one which best described a moisture gradient. These judgements were based on
the scores of species on these axes, and our understanding of the natural history of the species.
Prior experience had shown that in nearly all cases, the first DCA axis (i.e., the one which
explains the most among-plot variation) would be a moisture gradient. In cases where the first
axis represented something else, axis two was found to represent a satisfactory moisture
gradient and was therefore used as the basis for further study.

After selecting the appropriate DCA axis based on plant species scores, we measured
the movement of plots along the moisture gradient through time using a repeated measures
analysis of variance of plot scores on that same axis. These analyses assume temporal
autocorrelation among repeated measurements of scores from an individual sampling unit
(Girden 1992, Chapter 2). The statistics are based on tests of the consistencies and the
strength and directionality of those autocorrelations within subjects (plots) between treatments
(years). Thus, if plots in a given habitat type were all changing in a consistent direction along
the moisture gradient, we would find a significant year effect.

We used repeated measures analysis of variance to compare changes in plot scores
along the chosen axis between years. The multivariate model was specified as:

Y1 Y2 Y3 = Elevation + Error

where Y1 - Y3 represent the years 1992 - 1994, Elevation is measured as meters above the
local 5 kcfs elevation, and error is the error of measurement. The latter is included in models
because no measure of any variable is ever perfect, no matter how precise the instrumentation
used to make the mearsurment.. This equation says that differences between plot scores are a
result of time effects (plot scores in 1992, 1993, and 1994 differ in a systematic way across all
plots) and elevation above the local 5 kcfs elevation. Because the axis we selected from the
DCA ordination represented a moisture gradient, consistent movement of plots along that
gradient would indicate directional changes in the plots’ moisture regimes. This, in turn,
would reflect on the effects of changes in dam operations on plant assemblages in that habitat
type. We used the F-statistic with an alpha of 0.05 as the criteria for significance.

Marsh Transects and Grids. Data from each transect from each site were entered into a
separate Lotus 1-2-3 spreadsheet file on a standard template. These files contained records
which included transect, subplot, species, number of individuals, number of stems, basal
diameters and basal areas. Clumps were treated as in the LTQ data section. These files were
checked (see Quality Control section below) before being archived (duplicated and duplicate
files stored). They are included as Appendix D of this report.

Because differences in the spring and fall censuses could arise from differences in the
phenology of perennials and the appearance of summer and winter annuals, we analyzed spring
and fall data separately. And, because each site was sampling a slightly different flora, based
on upstream tributary inputs and local physical factors, we performed separate ordinations for
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each marsh. For each site, we combined the fall 1994 and spring 1995 data with data from
previous censuses at that site in that season. Data within marsh plots were combined to a
single total basal area value per species per plot per year. Like the LTQ data, these were log;,
transformed before analysis.

As with LTQ data, we used changes through time in plot scores on the DCA axis most
representative of a moisture gradient as our measure of changes in plot assemblages. After
each ordination, we examined the axes’ species scores to select the axis from which we would
extract plot scores. Logic dictated that effects of altered flow patterns from Glen Canyon Dam
would likely show up as alterations to the moisture regime experienced by plants in the marsh
plots. These alterations, we expected, would be detectable as changes on the appropriate DCA
axis score.

We again analyzed changes in DCA plot scores using repeated measures analysis of
variance. In this way, we avoided problems with temporal autocorrelation of plot scores. We
only included data from plots which had been censused in all three years (or both years, in the
cases of Forster and Pumpkin Marshes) of current and previous work. The multivariate model
was specified as:

Y1 Y2 Y3 = Elevation + Error

where Y1, Y2, and Y3 are the plot DCA scores from the three years of censusing a plot, and
Elevation is the elevation of the plot above the local 5 kefs elevation. This model is identical
to the model used with the LTQ analyses. With this model we could simultaneously test the
effects of time and relative plot elevation. The former would test for pure time effects and the
latter tested whether plots higher above the river were undergoing more changes than those
lower down. We used the F-statistic with an alpha of 0.05 as the criteria for significant
changes.

To better understand the pattern of change within sites, we correlated DCA plot score
changes between the first and last years of monitoring with the plot’s elevation relative to the
local 5 kefs elevation. This second test of elevation effects would show the magnitude and
sign of the change. We tested a hypothesis of significant, positive correlations, indicating that
high elevation plots became drier than low elevation plots in the same amount of time. We
used standard tables of critical values of correlation coefficients as our criteria for significance.

Small Marsh Patches. We compared the number and total area of marsh patches in a given
reach across years with Page’s test for ordered alternatives. This non-parametric test allows
testing of hypotheses about small, non-normal data sets. More importantly, it allows testing of
a predicted sequence in matched or repeated samples (Siegel and Castellan Jr. 1988, pp. 184-
188). In our case, because patch number had increased and total patch area had decreased in
previous years, we could test for a continuation of these trends. The test statistic, L, was
calculated based on the changes observed on a reach-by-reach basis. Thus, as specified in item

Kearsley and Ayers 16

i




C in the Work Order, we would be testing whether trends in the number and total area of
small marsh patches [are] continuing under the extension of Interim Flows. The raw data are
in Appendix M.

Significant Species. We did not use statistics on our information about Federally listed and
candidate species. In the case of listed species, either we saw or did not see these species
during our censuses or travel time between sites. For the exotic species, Eragrostis curvula
and Lepidium latifolium, either they were or were not seen further downstream, and either
there were more or less of them in a site. These types of data do not lend themselves easily to
rigorous statistical analysis.

Vegetation Analysis. Data from the field was entered on a lotus 1-2-3 spreadsheet file on a
standard template. General data on census date and personnel were included. We calculated
the average percent foliar cover per species for each polygon. Species which were present in a
polygon, but rare enough to be not captured by one of the subsamples were arbitrarily assigned
a cover estimate of 0.001 percent. Data were thoroughly quality checked, in the same ways as
LTQ and marsh transect data (see Quality Control section below).

In order to better understand the vegetation in these sites we classified the polygons into
vegetation types. Because each site had a more or less unique complement of species (personal
observation), we performed separate classifications for each site. We used two-way indicator
species analysis (TWINSPAN, Hill 1979b). For a variety of reasons, this divisive, polythetic
classification program is well suited to classifying plant community data (van Tongeren 1995,
pp. 193-196). Starting with all plots considered together, the program divides each remaining
group of plots into two smaller groups based on species contents of the plots. Thus after one,
two, and three iterations, there is the potential for creating two, four, and eight groups of
plots, respectively.

During the running of the TWINSPAN program, we added a pseudospecies cut level at
0.5 percent. TWINSPAN incorporates quantitative data into indicator species analysis, a
qualitative method, by cutting species abundances into ranges (0 to 2%, 2 to 5%, 5 to 10%, 10
to 20%, and above 20%) and treating each of those ranges as a distinct species (Hill et al.
1975). We felt that adding another small cut level would improve clustering because there
were many species with abundances less than 2 percent, the default lowest pseudospecies cut
level, and that there were important differences between an abundance of 0.001% and 2
percent.

We allowed TWINSPAN to continue making divisions among groups of polygons until
the sixth level was complete, potentially creating 2° = 32 groups. We limited the number of
valid divisions by imposing two rules during our inspection of the divisions. First, to avoid a
result with many single-polygon groups, we used the program’s default rule that no group
smaller than 5 polygons could be divided. And second, we ignored divisions which seemed to
be based on biologically meaningless distinctions. Such divisions would include such things as
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distinguishing among groups of polygons based on whether they contained Bromus rubens or
Bromus tectorum.

It should be noted here that these classifications were performed simply for the purpose
of grouping similar polygons for monitoring needs. They should not be viewed as either part
of a standardized regional classification or an estimation of plant community affinities for
different southwestern regions. Those more rigorous efforts are beyond the scope of this
project.

QUALITY CONTROL METHODS

Because data to be analyzed were collected as part of a long-term study in which field
and office personnel had changed on a regular basis, we implemented a series of quality
control mechanisms to minimize the accrual of errors during the process. We instituted error
checking and avoiding methods at all stages of the study. Below we have broken them out into
different data stages, from plant identification to data collection, to data entry.

Plant Identification is the first step in data collection. We minimized the number of
errors at this step in the following ways.

1) Our decisions on field crew rosters were based on botanical ability, either
familiarity with the Grand Canyon riparian flora or formal training in plant systematics as a
minimum.

2) Less experienced volunteers were required to spend two to three hours with the
plant study collection after the pre-trip meeting, and take a practical quiz on 20 of the most
common species. Errors on the quiz were discussed with the volunteers.

3) To standardize within-plot identifications, all species in the quadrat were usually
identified by the crew leader or systematist for all to hear before censusing.

4) During censusing, there were always experienced crew or a botanist available to
answer questions. Questions were encouraged.

3) As a final check, each plot’s or subplot’s censuses over the three year period were
lined up side by side. We compared species lists from all censuses. Where discrepancies
between years were found in plant identities, especially with perennial species we went back to
the data sheets and made a determination based on several major factors. These included the
experience of the observer with the group in question (more experienced observers make better
identifications), which year of censusing was in question (later years were given more
credence), and changes in our understanding of the taxonomy involved (e.g., all Equisetum
laevigatum and E. hiemale in the river corridor proper were lumped as E. x ferrissii (M.
Windham, University of Utah, Salt Lake City, UT, personal communication).

Data collection errors occur as a result of miscommunication between readers and
recorders in the field. We avoided this as much as possible in a number of ways.

1) Recorders were usually the most experienced of the field crew, and could spot mis-
measured observations where they were read out.
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2) Small marsh patch measurements were made by the same person in all three
censuses described in this report. One assumes this reduced errors due to different observers.

3) When estimates of density and basal diameter were made for species which occur in
dense stands (e.g., Equisetum, Bromus, etc.), comparisons were usually made with adjacent
plots whenever questions arose about numbers.

4) Plot corners (for LTQ) and transect points for marsh transects and grids were
surveyed during each census to ensure that we were censusing the same area.

5) Data sheets were checked before being stored at the end of each day’s work to
ensure no odd observation or species identifications or density estimates.

Data entry errors arise from mistyping an entry, or leaving out or duplicating an
observation. We checked for errors during and after entering the data in spreadsheets.

1) At the end of entering a plot’s worth of data, a quick scan of the entries were
performed to check for mistyped or really unusual entries.

2) After that, one subplot was selected haphazardly, and entries were checked line by
line for missed entries.

3) A line-by line check of data entries against original data sheets was made for all
files generated during this project. Out of 135 files checked this way, with upwards of 150
cells per file, 6 cells were found to contain errors. This represents an error rate of less than
three parts per ten thousand.

4) As a final check, at the same time that we were comparing species identifications
across the three years of censusing, we compared total basal area per species. If a
measurement seemed enormously out of line with the others, we went back to the data sheets
and spreadsheet files to see where the problem came from. For example, in laying out our
plots we may have included a tree on the edge in one year, and not during the next. Such
observations were deleted from the analysis file but left in the original spreadsheet file. Other
oddities, caused by obvious errors in recording such as annual bromes recorded with stem
diameters of 1.0 cm rather than 0.1 cm were similarly corrected in the analysis file.

RESULTS

Data presented here were collected on two field trips. The fall trip was conducted from
20 September to 6 October 1994, with a crew of 16 persons. The spring trip was conducted
between 30 March and 16 April 1995 and included 10 people. Marsh transects and LTQ were
censused in the fall trip. Marsh transects were censused on the spring trip.

LONG-TERM QUADRATS

Plot DCA Scores. DCA ordinations provided axes which, based on examinations of species
scores, represented approximate moisture gradients in three of the four LTQ ordinations. As
with any empirical work, these were not perfect. Some species we normally associated with
dry sites were placed at the wet site end of each axis and vice versa. However, in general,
these axes had species such as Juncus balticus and Scirpus pungens at one end of the axis and
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species of Sporobolus and Dicoria on the other (Appendix E contains the DCA species scores
from the LTQ analyses).

The general beach (BCH), new dry (NDR), and riparian strip (RST) plots all produced
axes which were representative of a moisture gradient. In the BCH and NDR ordinations, the
first axis of variation identified by DCA was identified as a moisture gradient. In the case of
RST plots, the second axis of variation represented a more recognizable moisture gradient than
the first, so DCA Axis 2 was used. In the case of the BCH and RST plots, higher scores on
the axis indicated drier conditions, but the reverse was true for NDR plots.

None of the axes generated for the debris fan (DFN) plot ordination were recognizable
as moisture gradients. Plots apparently differed in their species based on other factors,
perhaps substrate composition, time since last flash flood, and aspect. That the plots were
originally placed at higher stage elevations (35 to 50 kcfs versus 28 to 40 kcfs) than the other
plots most likely contributed to moisture availability having little to do with differences among
plots and years. We therefore did not perform the repeated measures analysis of variance on
plot scores for any axes from the DFN plots.

Repeated Measures Analysis. Generally there were no strong, consistent drying trends in the
development of plant assemblages during the study period (Table 4, Figure 2). Had there been
a significant shift in plot scores towards more dry site vegetation, it would have indicated
plot scores in all geomorphic settings had shifted consistently towards the dry end of the DCA
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Figure 2. Average DCA axis scores for the three LTQ types in 1992, 1993, and 1994. In these ordinations, higher
scores indicate drier, or more xeric vegetation types, and lower scores indicate more wet or mesic vegetation. Only
plots which were censused in all three years were included in the averages. Vertical bars represent +/- 1
experiment-wide standard error.
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axis, since plot scores are weighted mean species scores. Plots in two of the four habitat types
showed marginal shifts towards drier vegetation, and only one habitat showed effects of
elevation above the 5 kcfs elevation on vegetation changes. We will explore the patterns in
each habitat below.

Plots in the general beach (BCH) and new dry (NDR) habitats showed no strong trends
towards changes in moisture regimes during the study period. In the BCH plots, there was a
marginal shift towards drying out through time (F,,, = 3.12, p = 0.059). However, there
were no differences in the rates of drying out based on elevation (F,,,, = 2.60, n.s.). Thus all
plots in the general beach habitat were drying out at a consistent, marginal rate. In the NDR
plots, we detected no significant trends towards increasing dryness (i.e. decreasing plot scores)
at all. Plot scores did not change appreciably through time (F,,, = 2.30, n.s.). Nor was
there any effect of elevation on changes in plot score through time (F,, = 1.57, n.s.).

We did detect a significant drying trend in riparian strip plots during the study period.
Between 1992 and 1994, plots shifted significantly towards the dry end of our moisture
gradient axis (F,,, = 4.73, p < 0.05). In addition, plots at different elevations dried out at
different rates (F,,, = 6.37, p < 0.05). A visual inspection of the data showed that plots at
higher elevations dried out at a more rapid rate than those closer to the 5 kcfs stage elevation
(i.e., scores of plots higher above their local 5 kcfs elevation changed more than those lower
down). This drying trend occurred mostly in the period 1992 to 1993. The significant
differences detected by the repeated measures analysis are mostly between 1993 versus 1992
and 1994 versus 1992, rather than 1994 versus 1993. Figure 2 shows that the rate of drying
slowed considerably after 1993.

Table 4. Average DCA axis scores for each of the three years of LTQ
censusing. Only plots which were censused in all three years were
included in these averages. Figures in parentheses indicate one standard
error for data in the cell.
Plot Type 1992 1993 1994
BCH 180 189 194
(28) (30) (26)
NDR 273 292 288
“2) (40) (30)
RST 140 145 146
(15) an (16

MARSH TRANSECTS AND GRIDS

Plot DCA Scores. As with LTQ data, the first axis of variation identified by DCA in
marshes in both spring and fall censuses was a moisture gradient. In all cases, plots which
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scored low on DCA axis 1 in a site contained more obligate wetland species. Those which
scored high contained more dry-site species. We generated an overall DCA axis 1 species
gradient for illustrative purposes (Table 5). To do this, we first scaled species scores within
each site’s ordination to a 1 to 1000 scale. For example, if the range of species scores in a site
was from -50 to 600, and the species in question scored a 358 on that scale in that site, its
standardized score at that site would have been:

1000 x [358 - (-50)]1/[600 - (-50)] = 628

-y

We included only species which occurred in three or more of the eight sites, to make
the list more generalized. We then averaged each species’ score across all sites in each
season. Table 5 shows the high- and low-scoring species on these overall spring and fall axis
1 species gradients. In this table it is clear that in both spring and fall, dry site species
(Bothriochloa, Salsola) score higher at all sites, and obligate wetland species (Scirpus, Typha)
score consistently lower. The original species scores from the selected axes from each marsh

]
Table 5. Mean DCA scores of species which scored consistently high or low in ordinations of l
data from the eight marsh sites. Only species which were found in three or more marshes were ‘
included. Values were standardized ona 0 - 1900 scale at each site before averaging.
| Spring Species Score l l Fall Species Score ‘
Salsola iberica 850 Acacia gregii 751
Lepidium fremontii 843 Corispermum nitidum 726 .
Bromus rubens 836 Bothriochloa barbinodis 718 o
Erodium cicutarium 835 Panicum capillare 704 .
Cryptantha barbigera 833 Sonchus asper 694
Bothriochloa barbinodis 762 Erodium cicutarium 694 ~'
Vulpia octoflora 755 Sporobolus cryptandrus 683 .
i
Scirpus pungens 207 Nasturtium officinale 274 .
Juncus balticus 191 Scirpus pungens 253
Phragmites australis 176 Plantago major 230 '
Prosopis glandulosa 166 Juncus balticus 237
Veronica americana 127 Lepidium latifolium 207 '
Scirpus validus 125 Typha domingensis 163
Typha domingensis 70 Juncus articulatus 156 .
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in each season are included in Appendix F.

Repeated Measures Analysis. Repeated measures analysis of the DCA plot score data show
that changes have been taking place in different ways in the spring and fall floras of these
marshes. Most of the differences between these two arises from the effects of relative
elevation in the two censuses and the strength of the interaction between time and relative
elevation. As we will explain in the discussion, we believe these differences arise from
seasonal differences in the flow patterns from the dam immediately prior to each census.

In the fall censuses, we found that each years’ censuses differed from the other in a
significant way, but we found no consistent pattern of scores with relative elevation. Figure 3
shows changes in the overall fall site means through time. Our data show a significant effect
of time (F, ., = 5.01, p < 0.05). However, we found only a marginal effect of relative
elevation (F ., = 2.65, p = 0.10). In addition, we found a marginally strong interaction
between relative elevation and time (Fq,, = 3.84, p < 0.05). This merely indicates that
plots at different elevations were behaving differently through time.

In the spring censuses, we found strong differences among both census years and
relative elevations. The time effect was significant (Figure 3; F,, = 4.38, p < 0.02),
indicating that overall plot scores were changing through time. Also, we found a significant
effect of elevation above the local 5 kcfs line (F,, 5., = 47.93, p < 0.01). Finally, there was
an interaction between time and relative elevation stronger than that found in the spring
censuses (F, 4, = 13.50, p < 0.01), indicating that there were different rates of drying
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Figure 3. Changes in DCA plot scores through time at the eight marsh sites in fall and spring censuses in 1992,
1993, and 1994.
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through time for plots at different elevations.

Correlation Analysis. By correlating changes in the DCA plot scores between the first and
the third year of monitoring (1992 and 1994 respectively), we were able to elucidate some of
the pattern of changes described above. In the fall censuses, our prediction of a positive,
significant relationship between score change and elevation was borne out in only one site.
Table 6 shows that other than the marsh at Kwagunt (RM 55.5 R), no fall marsh data
demonstrated a significantly greater drying out at higher elevations than at lower elevations.
As indicated by the repeated measures analysis, plot elevation was not a significant factor in
determining rates of plot drying.

By contrast, our spring data showed all but two of the eight marshes (Anasazi Bridge,
RM 43.1 L, and Cardenas marsh, RM 71.4 L) showed significant correlations between relative
elevation and score change between 1993 and 1995. Table 6 shows that in all other marshes,
spring census data show higher elevation plots showed greater amounts of drying out over the
three year period. Thus, low plots close to the river, did not dry out as much as those higher
up and further from the river.

SMALL MARSH PATCHES

We censused all eleven reaches during the field trip in April 1995. However, censuses
of reaches 1 and 2 were missed during the spring field trip in the year before this study.

Table 6. Correlation of plot score changes between first and last year of censusing
with plot elevation above the local § kcfs elevation in the eight study sites.
ns. = p > 0.05, ** = p < 0.05; *** = p < 0.01.

.;Iarsh Site (RM) Fall Censuses Spring Censuses
43.1L n.s. n.s.
51.2L n.s. whk
55.5R % wnx
71.2L n.s. n.s.
1228 L n.s. *x
172.1L n.s. *x
194.1L n.s. by
213.6 L n.s. ok
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Therefore we have excluded reaches one and two from the analyses discussed below. The data
from April 1995 are contained in Appendix L of this report.

The trend in neither the number nor the size of marsh patches observed between 1993
and 1994 continued in a statistically significant manner in 1995. The number of marsh patches
counted in each reach in 1994 did not change in 1995 in a manner consistent with changes
between 1993 and 1994 (Figure 4; L, = 114.5, p > 0.05). Between 1993 and 1994, seven
reaches had an increase in marsh patch number, and two reaches had a decrease. Between
1994 and 1995, two reaches had an increase in patch number, one had no change, and six had
a decrease in the number of marsh patches

Neither did marsh patch total areas change in a consistent way between 1994 and 1995
(Figure 5; L34 = 105, p > 0.05). Between 1993 and 1994, three reaches had decreases in
total marsh area, and six had increases in total area. Between 1994 and 1995, four reaches had
decreases in total marsh area, and five had increases. Both this pattern and the pattern in the
number of patches are based on lumping all marsh patch

types (Equisetum, Juncus/Scirpus, Phragmites, and mixtures of these and other species).
Splitting them out into different types did not change the outcome, nor did splitting data into
narrow and wide reaches.
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Figure 4. Changes in the number of marsh patches in the geomorphic reaches of Schmidt and Graf (1990)
between 1993 and 1995.
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Figure 5. Changes in the total area of patches of marsh vegetation in each of the geomorphic reaches of
Schmidt and Graf (1990) between 1993 and 1995.

SIGNIFICANT SPECIES

During the study period, no Federally listed or candidate plant species were seen in the
river corridor during our research trips. Although our LTQs and marsh plots cover only a
small segment of the total riparian habitat in the river corridor, in censusing these plots in 25
sites and moving between them within and between sites, we see a much larger area. Also, on
our mapping trip we covered all areas of nine sites systematically without encountering listed
species. We have included an updated preliminary checklist of plants in the Colorado River
corridor of the Park as Appendix A. Although there are several, as yet unconfirmed, new
reports, none of these are listed or candidate species.

Our examination of two weedy species showed some changes in their abundance and
distribution. However, because our plots sampled only a small part of the total habitat, much
of the change was undetected by censuses of marsh transects and LTQs. Anecdotally, we have
seen a large increase in the abundance of Eragrostis curvula and Lepidium latifolium,
especially in sites at RM 43.1, 51.5, and 55.5. At RM 51.5, the upstream end of the beach
has many individuals of E. curvula where there were none seen before 1992, Similarly, L.
latifolium has spread, especially in moist areas along the river and in the return current
channels at RM 43.1 and 55.5.
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However, these trends are only marginally detected in our plot censuses. In the
fall/spring censuses of 1993/1994, we found L. latifolium in 19 marsh plots with a total basal
area of 2.1 cm®. In the 1994/1995 censuses, we found it in 20 plots with a total basal area of
1.7 cm?. LTQ censuses showed only one plot in both 1993 and 1994 with L. latifolium, with a
total basal area of 0.3 cm® and 0.6 cm?, respectively.

In the same way, changes in the distribution and abundance of E. curvula was not
captured by our plot data between 1994 and 1995. Despite the population increases described
above, these changes were not captured at all in our LTQ data because no E. curvula was
found in any of the plots. Our marsh censuses in 1993/1994 showed the grass was present in
22 plots with a total basal area of 2.5 cm®. In the 1994/1995 censuses, it was found in fewer
plots (12), but with a greater total basal area (5.7 cm?).

In addition to monitoring previously recorded weedy species, we added several weeds
to the preliminary checklist (Appendix A). Since September 1994, we have collected 10
introduced species which were not in the reference collection previously. Although some of
these, such as Medicago sativa and Melilotus alba, had been noted before and simply not
collected, others, including Festuca arundinacea and Kochia scoparia are new weeds which
bear watching.

VEGETATION ANALYSIS

We produced nine vegetation maps based on ground-truting boundaries of apparrent
polygons generated from aerial photographs of the Memorial Day 1995 constant 8 kcfs flow.
On each site map, each polygon is given its own unique identifying number which allows it to
be tied to its vegetation data. The maps were rectified using the ground control points, and
thus represent true plan views of these sites. Because 1) these maps represent observational
rather than experimental data and 2) they are related to monitoring to be done in 1996 and
beyond, the maps are attached below as Appendix J, but are discussed further in this report.

The percent cover data for polygons censused in 1995 are given in Appendix K. Our
examination of the TWINSPAN classificaton of the vegetation data produced from four to
seven distinct vegetation types per site. Table 7 contains lists of these groupings, and species
which are common to all or nearly all polygons in those groups. Appendix L contains these
lists for each site along with a list of which polygons are assigned to which groups within that
site. As with the maps of these sites, because these represent one year of observational data
only, and are primarily intended to be used as baseline data for further monitoring, these data
will not be discussed beyond this section.

Several things should be noted about these groupings. First, although there are
similarities among groups from different sites, such as group three at 72 L and group two at 94
L, we have not performed these among-site analyses and such comparisons should not be
made. Second, for the purposes of this analysis some species have been assigned to growth
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Table 7. Major vegetation polygon types in nine mapping sites as determined by TWINSPAN analysis of the .
August 1995 census data. Abbreviations are as per Appendix B.
.
443 L 1 SAEX N.A N.A NA PHAU
2 TARA SAEX TESE NA NA NA '
3 SAEX NA EQFE N.A NA
4 SAEX TARA N.A ASSP N.A BRRU BRRI
5 SAEX TARA TESE BRLN ASSP N.A BRRU SPOROBOLUS l
6 NA BRLN GUSA STTE NA BRRU P
7 SAEX GUSA NA DIBR DISP BRRU l
S1L 1 SAEX NA TYDO JUBA JUAR NAOF PHAU
2 SAEX NA EQFE CAAQ JUBA NAOF AGST .
3 SAEX TARA BASL NA LELA EQFE COCA GNCH MUAS
4 TARA BASL GUSA TESE EQFE NA SPCR i
5 SAEX TARA TESE EQFE DIBR CHNI BRRU BRRI BRTE ' ‘
6 SAEX TARA PRGL TESE LEFR NA BRRU BRRI BRTE
7 BASA BAEM NA ASSP N.A ARGL .
S5R 1 N.A N.A. TYDO JUNCUS NA PHAU
2 SAEX BAEM NA SCPUEQFE N.A PHAU MUAS .
3 SAEX BAEM N.A EQFE SCPU N.A AGST MUAS
4 SAEX NA EQFE COCA MUAS I
5 TARA BAEM GUSA N.A NA N.A
6 TARA SAEX N.A. EQFE NA BRRU BRRI .
7 SAEX TESE EQFE NA SPCR
68R 1 NA TESE OEPA DIBR ORHY SPOROBOL
2 TARA TESE N.A N.A BRRU SPOROBOL .
3 TARA TESE ENFA NA N.A BRRU
4 TARA SAEX TESE N.A NA SPCR '
s SAEX TESE EQFE NA PHAU AGROSTIS
7L 1 TARA NA ALCA ERDE NA l
2 SAEX TARA TESE NA NA BRRU ”
3 TARA TESE ALCA NA BRRU .
4 SAGO N.A N.A NA BRRU
5 SAEX N.A N.A N.A. PHAU
6 NA NA SO0C MELILOTUS PHAU '
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Table 7 (continued)
Site ] T Trees Shrubs Perennial Herbs Herbs = Grasses
94L 1 ACGR ISAC NA NA ORHY SPCR
2 TARA TESE NA NA BRRU
3 | TaRAsAEXSAGO NA NA NA BRRU
4 NA NA TYDO JUTO NA AGST AGSE
1231 1 NA NA OEPA DIBR SAIB BRRU
2 SAEX TARA NA EQFE ASSP NA NA
3 SAEX TARA BRLN ISAC NA NA NA
4 TARA ISAC GUSA NA NA ORHY ARGL SPCR
5 NA ISAC GUSA ASSP NA ORHY HIRI BRRU
194L 1 ACGR GUSA NA NA BRRU
2 NA TESE NA NA BRRU SPOROBOLUS
3 TARA BASA NA ASSP NA BRRU
4 TARA NA NA COCA MEAL BRRU SPAI SPCR
s SAEX NA NA NA BRRU
6 NA NA TYDO JUNCUS cocA NA
209L 1 PRGL ACGR ISAC NA NA BRRU
2 BASA TARA TESE ISAC NA NA CYDA BRRU
3 NA TESE ALCA NA BRRU SPOROBOLUS
4 TARA BASA TESE ALCA NA CYDA BRRU
s BASL TARA TESE EQFE ALCA MEAL CYDA
6 BASL SAEX NA JUTO TYDO NA NA

forms based on ecological similarities in Grand Canyon. For example, the three common
species of Baccharis, including B. salicifolia (BASL), B. sarothroides (BASA) and B. emoryi
(BAEM) have been classified as trees rather than shrubs because of similarities in size (usually
about 1.5 to 2 meters) and growth form to the two most common tree species, Salix exigua
(SAEX) and Tamarix pentandra (TARA). Third, the species listed as being characteristic of
these polygon types are common to all, or all but one or two, of the polygons in the group.
The abbreviation N.A., for not applicable, indicates that either there were few polygons in the
group that contained species in that category or that no species in that category were present in
all or nearly all polygons. Finally, as mentioned previously, these categories represent similar
groups of polygons within sites only, and should not be viewed as part of a region-wide
vegetation classification.
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DISCUSSION

In this study we have shown changes in the riparian plant assemblages in several
geomorphic settings during the final year of Interim Flows monitoring. In marshes, both fall
and spring censuses showed shifts towards more dry-site vegetation overall. Assemblages in
riparian strip settings (the new high water riparian settings: Johnson and Carothers 1982) also
became more representative of dry site vegetation during the study period. Plots in general
beach habitats shifted marginally towards more dry site vegetation, but variability in responses
of plots masked any strong patterns we might have noticed.

We have also shown that there are habitats in the new high water zone in which little
directional change was detected during the study period. In the newly exposed habitats
between 20 and 28 kefs, plots were changing, but not in any particular direction detectible by
our methods. Rather it seemed that the major changes during this year were colonization-
related only. Plots in debris fan settings were not sensitive to changes in ground water levels
in any way we could determine. None of the four ordination axes we generated with DCA on
debris fan data represented a moisture gradient, nor were there any significant changes visible
from between years along any of those axes.

We believe these patterns and lack of patterns relate to changes in the operation of Glen
Canyon Dam. Other sources of variation, such changes in climate would be expected to
produce a pattern in which all plots, including those in general beach, debris fan and new dry
habitats, would show patterns of increasingly dry site vegetation. Second, whether we
detected movements along moisture gradients or not, our choices of axes to work from were
based on water relations of the plots. We will further explain the logic of the connections in
the three sections which follow.

LONG-TERM QUADRATS AND INTERIM FLOWS

Our LTQ data show that the effects of Interim Flows varies, depending on the
geomorphic setting considered. Some of the non-responsiveness in the LTQ data to Interim
Flows probably results from their having been censused during the fall, when the effects of
changes in water relations would be minimized, as discussed in the marsh discussion section
below. Other reasons for non-responsiveness should be attributed to reasons other than flows.
For example, in the DFN plots, we could not discern a moisture gradient in any of the four
DCA axes we generated. The DFN plots were generally higher above the river than the other
LTQ plot types (35 to 50 kefs versus 20 to 40 kcfs; Table 1), and so were probably less
affected by changes in ground water levels. There was also more variability in substrates, and
time since last disturbance than in other plots.

The NDR plots have been affected by Interim Flows, but not in ways measurable as
moisture gradients. By stabilizing flows at or below 20 kefs, Interim Flows opened these
habitats to colonization, a process which is continuing. In the same way that the stabilization
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of the 28 kcfs high water line before Interim Flows created habitats for the new high water
zone vegetation (Johnson and Carothers 1982), this second stabilization at 20 kcfs appears to
be creating another set of such habitats. In addition, several of these low plots, especially
those at Tanner Beach (RM 68.2 R) and RM 119 R, were severely affected by other factors.
Both were scoured by the Little Colorado River flood in February 1993, and the Tanner Beach
plot was inundated by the new pool created by the Tanner debris flow immediately
downstream in August 1993.

The BCH plots showed marginal effects of drying during the study period, but two
factors appear to have masked any large changes. First, the variation in plot responses was
great enough that it swamped out much of the between-year pattern (Figure 2). Also, plants in
these plots tend to be dry-site annuals, such as Salsola and Corispermum, which are capable
of withstanding long periods of hot dry conditions, or clonal phreatophytes, such as Salix and
Tessaria, which may have access to the water table at some distance. Thus, combined with the
effects of censusing in the fall immediately after high summer flows, the species composition
itself would tend to reduce the responsiveness to changes in the water table and moisture
relations.

Plots in the RST settings responded more as the marshes did, displaying both drying
trends through time and a higher level of drying out at higher elevations. These plots were
laid out just above the former upper boundary of dam operations (Table 1). The vegetation in
these plots was well established before the imposition of Interim Flows, and so very little
colonization of perennials occurred during the study period. For these two reasons, the RST
plots could be expected to respond to Interim Flows by drying out.

MARSHES AND INTERIM FLOWS

The patterns of change through time we detected differed between spring and fall
censuses. In the fall, there was a significant, though slight, shift towards more dry-site
vegetation through time. There was no elevation effect, and a marginal interaction between
time and elevation. We found only one site out of eight in which plots higher above the local
5 kef's elevation dried out more than those closer to the river. By contrast, spring data showed
both a strong effect of time and an elevation effect. And in six of the eight sites, plots higher
above the local 5 kefs elevation dried out significantly more than those closer to the river,
indicating that the effects of Interim Flows were felt most strongly there.

We believe these patterns in vegetation change are related to changes in the levels of
groundwater, brought on by changes in the release patterns from Glen Canyon Dam since
1991. Before that year, under normal flows, there were high daily fluctuations all year
(Figure 1). Dam releases fluctuated widely, based on changes in demands for peaking power
generation from the turbines. Interim flows criteria sharply reduced the fluctuations allowed
to a maximum of 8 kcfs/day (Bureau of Reclamation 1995). In order to meet both water and
power demands placed on the dam, this resulted in the release pattern shown in the bottom of
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Figure 1. Releases in summer tend to be in the range of 12 - 20 kcfs. In the winter they are
more like 5 - 13 kefs.

The effects of these seasonal differences on vegetation are seen in the differences
between our fall and spring censuses. Our spring data were collected immediately after the
low winter flows. This is when the effects of Interim Flows would be most visible. Winter
annuals and early-blooming perennials most likely encountered conditions for germination and
growth had changed drastically as a result of Interim Flows (Figure 1). Thus there was a more
prominent change in spring vegetation, and the effects would be felt more at elevations higher
above the former normal water table. Fall data were collected during September,
immediately following the high summer flows. We found very little changed during these
censuses. This is most likely the result of high flows providing adequate water to nearly all
plots, and creating a high water table in the beaches during the summer. Summer annuals and
those perennials (especially composites) whose phenologies make them more visible during the
fall have therefore encountered conditions not drastically different from those in normal
flows (Figure 1). It is for these reasons that we feel comfortable attributing the vegetation
changes in the marshes to Interim Flows.

OTHER VEGETATION ISSUES AND INTERIM FLOWS

Our plot and transect data did not capture the increase in populations of Eragrostis
curvula and Lepidium latifolium which we have seen during the past three years. This was due
to the patchy distribution of the two species and the small total area sampled by our transect,
grid, and LTQ plots. However, for two reasons we believe that Interim Flows has effects on
the distribution of weedy species. First, as explained in the new dry LTQ section above, new
habitats have been opened by Interim Flows which are available for colonization by these and
other aggressive weedy species. The plot where we have encountered Lepidium latifolium over
the past two years is a new dry plot which was not available for colonization before the
imposition of Interim Flows. Similarly, the drying out of marsh and channel margin habitats,
and the consequent changes in vegetation, will likely present another colonization opportunity
for weedy species.

The small marsh patches have been in flux during the past three years of Interim
Flows. Although there was a trend towards more, smaller marsh patches between 1993 and
1994, this did not continue into 1995. However, Figures 3 and 4 show that for the most part,
reaches did not revert to their former state in the last year. Of the seven reaches in which the
number of marsh patches increased between 1993 and 1994, six still had more marshes in 1995
than 1993. And of the six reaches which saw an increase in the total marsh patch area in
1994, five still had more total area in 1995 than 1993. The three reaches which had decreases
in total patch area in 1994 were also still below 1993 levels in 1995. Thus the Interim Flows-
induced changes seen in previous studies (L.E. Stevens, Applied Technology Associates /
GCES, Flagstaff, Arizona, personal communication) were not reversed, but rather moderated.
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We have seen no Federally listed or candidate species in our study of the riparian
habitats in the river corridor. However, should they appear in the habitats we have been
sampling, Interim Flows will likely have an effect on their distribution. For the same reasons
mentioned for weeds, namely the stabilization of new habitats, control of the water table, and
indirect effects via impacts on competing species, the colonization and spread of any listed
species which do appear will likely be strongly affected by the pattern of water releases from
Glen Canyon Dam. However this is not a concern at the present time.

MANAGEMENT ALTERNATIVES

In the absence of any strong direction given to us at the outset of this project on
management preferences or targets for riparian vegetation in Colorado River corridor of Grand
Canyon National Park, we cannot make more than minor recommendations relative to plans by
the Bureau of Reclamation for new release patterns. Below, we will describe what we believe
will occur under the release patterns specified in the preferred alternative in the Glen Canyon
Dam Environmental Impact Statement (Bureau of Reclamation 1995) and discuss the potential
impacts of, and our support for, planned periodic beach and habitat building flows and habitat
maintainence flows called for as part of the preferred alternative.

The preferred alternative, the Modified Low Fluctuating Flow alternative (Bureau of
Reclamation 1995, pp. 24-26), calls for non-emergency flows to follow a pattern similar to
Interim Flows. The maximum release is limited to 25 kcfs rather than 20 kcfs. Miminum
releases are limited to 8 kcfs between 7 am and 7 pm, and to 5 kefs at other times. The total
daily fluctuations are limited to 8 kcfs. The up- and down- ramping rates are limited to 2.5
and 1.5 kcfs, respectively.

Under these conditions, areas of marshes above the 25 kcfs stage elevation will
continue to dry out, but at a slower rate. Floras sampled in our spring censuses will change
less than they already have for two reasons. First, much change has already occurred under
Interim Flows and, given that most plots have already lost most of their complements of wet
site species, further change will likely be in the form of amounts of species, rather than types
of species. Upper elevation plots which currently support mostly species such as Bromus,
Salix, and Sporobolus cannot lose more wet site species. Thus, any changes will probably be
restricted to middle and lower elevation plots. Second, the maximum allowable releases have
been increased by 5 kefs which, although typical maxima are not expected to exceed 20 kefs
(Bureau of Reclamation 1995, pp. 24-26) except in years with a very heavy snowpack and a
near-full lake or under emergency conditions (D.L. Wegner, Bureau of Reclamation / GCES,
Flagstaff, AZ, personal communication), would reduce the effects of drying out on low and
intermediate elevation plots.

Fall-sampled floras will likely change little or not at all, especially if the summer 1995
release pattern of nearly constant 20 kefs (Figure 6) is repeated. In fact, because some parts of
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marshes were constantly inundated, and others, which had not been wet for some time saw
daily inundations (personal observations), we expect that had there been a fall marsh census
trip in 1995, we would almost surely have seen an increase in wet-site vegetation in our marsh
plots and an expansion of wet-marsh vegetation in our sites. If we could not detect major
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Figure 6. Pattern of water releases from Glen Canyon Dam from October 1994 to October 1995 showing
unusually high flows during the summer months. The shaded area represents the overall limits to releases
under Interim Flows. Compare to water year 1993 patterns in Figure 1.

changes during the first three years of Interim Flows (1992 to 1995), we doubt that changes
which take place under the potentially higher flows of the preferred alternative would be great
enough to show up in subsequent censuses with the methods used in this report.

Vegetation in riparian strip settings will also continue to become more dry, although at
a reduced rate. Change in these habitats has already slowed (Figure 2) and is unlikely to
increase unless maximum dam releases are reduced further. A reduction in groundwater levels
and inundation frequencies has already led to a loss of species which require access to
abundant moisture in habitats near the 28 kcfs stage elevation.

We do not expect that under the preferred flow alternative, vegetation in new dry
habitats will stabilize. The current pattern appears to be one in which colonization of newly
exposed substrates is the main form of change (personal observations). Although some of the
habitat between the 20 and 25 kcfs stage elevations might receive more water under the
preferred alternative, we do not believe that this will cause more than a minor change in the
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vegetation which is already present. However, flooding events such as the February 1993
Little Colorado River flood will again scour some parts of the new dry habitat and will deposit
fresh sediment on others, allowing another round of colonization.

Other new high water zone assemblages will probably not respond to flows under the
preferred alternative. Debris fan habitats we sampled do not seem to be affected by ground
water changes resulting from changes in dam release patterns at all. General beach habitats,
which changed only marginally under Interim Flows, will not likely change more under a flow
regime whose major difference is a slight possibility of a 5 kefs increase in the maximum
release rate during the exceptional years described above.

As with the new dry habitats, we do not expect the small patches of marsh vegetation to
stabilize during Interim Flows or the preferred alternative. In the absence of large tributary
floods like the February 1993 Little Colorado River flood, patches will likely become
narrower and, consequently, more fragmented with time. Our expectation would be that this
would lead to the 1993/1994 pattern of the increase in number of patches but a decrease in
their total area. However, because such such flooding events occur and because the upper end
of releases may be increased by 5kcfs, we expect that both numbers and total areas of small
marsh patches will fluctuate from year to year in an irregular pattern.

We support both types of periodic flooding called for as part of the preferred
alternative (Bureau of Reclamation 1995). We believe the habitat building flows, such as the
Bureau of Reclamation’s planned experimental 45 kcfs flood flow scheduled for seven days in
April 1996 will reinstate flooding as a potent element of the organizing forces acting on
riparian vegetation. Such flows cannot mimic the effects of predam floods (see Turner and
Karpiscak 1980), but they should create disturbances, and promote diversity (Campbell and
Green 1968; Baker 1990; Stromberg 1993). The timing and duration of these floods,
however, should be such that the creation of ideal germination situations for exotics is
minimized.

We also support the periodic, perhaps annual or semi-annual, habitat maintenance flows
at the upper end of dam release capacity (approximately 28 to 33 kcfs) in the years between
the larger flows (Bureau of Reclamation 1995 pp. 25-26). With these, it may be possible to
avoid the loss of so much wetland vegetation by rewetting areas which would otherwise remain
dry all year long. Again, the timing, duration, and hydrograph of these floods would need to
be adjusted to create the maximum benefit for vegetation. We have no concrete basis for the
recommendation, but would suggest a flow which fluctuates between 25 and 33 kcfs for a
week or so in early spring. The timing would put it before seed production by such exotics as
Tamarix and the fluctuations would perhaps avoid the killing of nearby species, such as
seedlings of Cercis occidentalis which cannot tolerate constant inundation (Kozlowski 1991,

p. 134).
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We feel that the current focus on weeds should be continued, and perhaps expanded.
Annual eradication efforts by National Park Service personnel aimed at Erianthus ravennae
should continue, or perhaps be expanded to include allowing commercial river guides who
have been trained in its identification to remove it on sight after bagging and removing the
seed heads for disposal in a landfill. At present the population seems to be at a low-visibility
level, owing to the limitation of sexual reproduction that has resulted from flowering adults
being pulled whenever they appear. Other exotic and introduced weedy species might be
controlled in a site-specific way if trained commercial guides were encouraged to remove them
whenever it was appropriate, given the phenological and seed-production patterns of the
species in question. The two species mentioned specifically in this report, Eragrostis curvula
and Lepidium latifolium, should continue to be monitored because of their pest status in areas
where they have become well established. We suggest that control strategies should be
developed for these species, and monitoring methods for the early detection of populations of
new weeds be developed. We strongly suggest that studies be pursued into the basic natural
history of these and other weedy species, since so little is presently known and since sound
control methods must be based on a good understanding of the target species.

Finally, we believe that monitoring should continue for riparian plant assemblages in
the new high water zone. As we stated in our response to the comments of the Government
Technical Representative for this project (Appendix H), we do not believe the methods used in
this study are particularly appropriate to long-term monitoring. They have served reasonably
well during this study for detecting changes in vegetation at very fine scales. They should,
however, be replaced by more generalized and common methods. However, we do believe
that whatever methods are used should adequately address the preceding two issues: the status
of and trends in new high water zone vegetation and pest plant species. These are the issues
which define riparian vegetation and which should be used as guides. Without a good
understanding of the dynamic nature of riparian vegetation, water and land managers will be
unable to make appropriate and timely decisions about dam operations.
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second (31 kcfs) to 20 kefs, increased the minimum discharge from 1 kcfs to 5 kefs, and
restricted the hourly flow changes, or ramping rate, to 2.5 kcfs per hour up and 1.5 kcfs per
hour down. In addition, the maximum daily total fluctuations were limited to 5 or 8 kcfs for
months with low and high monthly release volumes respectively. The net effect of these
changes on high-elevation riparian areas has been to reduce their inundation frequency,
decrease the amount of fine sediments deposited during high flows, and to decrease the
impacts of scour and flooding disturbance (L.E. Stevens, Applied Technology Associates /
GCES, Flagstaff, AZ, personal communication; Stevens et al. 1995).
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Figure 1 Release patterns from Glen Canyon Dam Before (above: water year
1989)) and after (below; water year 1993) the imposition of Interim Flows
criteria. These graphs show weekly highs and lows. Daily highs and lows
follow similar patterms but tend to be lower on weekends. The shaded area
shows overall limits to releases, barring emergencies.
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METHODS

In this section we will describe the methods used during this study. Although these
methods came directly from the project which this work continues (L.E. Stevens, Applied
Technology Associates / GCES, Flagstaff, AZ, personal communication), they will be
redescribed here for clarity. Quality control measures for both long-term quadrats and marsh
transects will be treated together in a separate section at the end of the methods section because
they were done in an identical manner. Also, comments by Ms. Nancy Brian of Grand
Canyon National Park, the Government Technical Representative for this project, about the
suitability of these methods for long-term monitoring and their comparability to methods used
in other park units, and our responses to those comments are attached to this report in
Appendix G and Appendix H, respectively.

DATA COLLECTION

Long-Term Quadrats. For several reasons, Long-Term Quadrats (LTQs) were censused in
the fall of 1994. First, previous Interim Flows studies had censused LTQ in the fall only.
Second, these coincide with censuses performed by Hualapai riparian vegetation personnel,
making these data comparable to theirs. And third, floras encountered differ between spring
and fall trips, owing to differing phenologies of perennials and the abundant summer and
winter annuals. Therefore censuses in different seasons could lead to erroneous conclusions
about changes in assemblages.

Up to six LTQs had been established at each of 23 sites during the previous Interim
Flows vegetation monitoring studies. Each rectangular LTQ measured 10 meters by 5 meters,
with the long axis approximately parallel to the river channel. Four of these were located in
new high water zone habitats (Johnson and Carothers 1982). The other two had been
established in the old high water zone (Johnson and Carothers 1982) and in the desert zone
above that.

We censused only plots in the new high water zone for this study. These included plots
in riparian strip (RST), new dry (NDR), beach (BCH), and debris fan (DFN) settings. These
plots were laid out during the initial Interim Flows monitoring study (L.E. Stevens, Applied
Technology Associates / GCES, Flagstaff, AZ, personal communication) based on a set of
criteria applied to each habitat type (Table 1). We censused LTQs at 23 sites during the study
period (Table 2). Although 17 NDR plots were censused in the spring of 1995, we did not
have comparable data from the spring of 1994 with which to compare them, and therefore we
will not report on that data here.

During the initial census, the plots were established by locating the upstream, river-side
corner at a randomly determined point within a suitable area defined by the habitat criteria
(Table 1; L.E. Stevens, Applied Technology Associates / GCES, Flagstaff, AZ, personal

Kearsley and Ayers 4




communication). The hundredths digits from a stopwatch which had been allowed to run for
several seconds were used as the number of paces to be stepped off from an arbitrary point
within the suitable area (L.E. Stevens, Applied Technology Associates / GCES, Flagstaff, AZ,
personal communication). Even numbers indicated that the pacing should go upstream, odd
numbers indicated number of paces downstream. And if the number of paces indicated would
have meant leaving the area of suitable habitat, the hundredths digits were used to indicate the
percentage of the distance between the starting point and 10 meters from where the suitable
habitat ended. For example, if the stopwatch read 00:13.37, the corner would be located
either 37 paces downstream from the starting point or approximately 37% of the distance
between the starting point and 10 meters from where the patch of habitat ended.

Table 1. Habitat descriptors of Long-Term Quadrats used for initial plot layouts at the beginning of
Interim Flows monitoring (L.E. Stevens, Applied Technology Associates / GCES, Flagstaff, AZ,
rsonal communication).

Plot Type Stage Geomorphic Substrate Notes
Elevation | Setting

New Dry 20 - 28 Channel or eddy | Generally fine or | Newly exposed substrates
(NDR) kcfs margin coarse sarxl

Riparian 28 - 40 Channel margin | No standard Pre-Interim Flows riparian
Strip kefs (substrate did not | vegetation

(RST) matter)

General 30 - 40 Separation or Generally post- Back Beach habitats (Carothers
Beach kefs reattachment dam coarse sand | and Aitchison 1978).
(BCH) bars

Debris Fan | 35 - 50 Debris fans or Mixed sand, Generally drier habitats
(DFN) kefs talus slopes gravel, cobble
= and boulders

Before we censused a plot, we relocated and laid it out in as we had before. Two to
four corners of each plot had been marked during the initial censuses, using small paint
corners (for plot corners that were on large rocks or bedrock), or buried stakes with nails in
the upper end (for plot corners in sufficiently deep sand). The collective memory of the staff
and return volunteers often was all that was needed to relocate the plots. Failing that, the
locations of the marked LTQ corners had been documented in two or more of the following
ways. First, site photos, depicting LTQ corners in ways which showed their spatial
relationship to prominent local features often allowed us find plot corners easily. Second, a
book of location descriptions, including descriptions of and bearings and distances to local
landmarks, was available in order to make sense of the photos (see Appendix I). Finally, plot
corners were georeferenced according to a local coordinate system set up at the site by
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Table 2. Location and description of plots censused as part of the vegetation monitoring during the final I
year of Interim Flows studies. Numbers in parentheses in the marsh columns indicate the number of '
transects. Plot type abbreviations are as in text.
RM/Side | Name NDR |RST BCH DFN Marsh '
2.6L } Unnamed camp x X X x
8.0 L | Jackass X X x x '

21.8 R| Unnamed camp X X X X

31.0 R | South Canyon x X x X '

41.0 R | Buck Farm X X X

43.1 L | Anasazi Bridge X X x Transects (10) .

47.0 R | Lower Saddle X

51.2 L | Unnamed camp X X x X Transects (10) '

55.5 R { Kwagunt Marsh Grid (10 x 10 meter)

68.1 R | Tanner Beach X X X X ‘

71.4 L | Cardenas X X Grid (10 x 20 meter)

93.9 L | Granite Camp X x X X '
104.0 R | Wannabe Ruby X x x A
119.0 R | Unnamed camp X X X X '
122.2 R { Unnamed camp X X . x
122.8 R | Forster Camp x X x X Transects (4) '
137.0 L | Ponchos X X X X ’
144.1 R | Kanab Creek x X x .
145.0 L | Above Olo X X x '
172.1 L | Unnamed camp x x x x | Transects (10) '
183.1 R | Unnamed camp X x N
194.0 L { Hualapai Acres X X X X Transects (15) '
213.0 R | Pumpkin Springs X x x x
213.6 L | Pumpkin Marsh Transects (4) '
220.0 R | Gorilla Camp X X X X
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A preliminary checklist of plants from the
Colorado River corridor of Grand Canyon National Park
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PRELIMINARY CHECKLIST OF PLANTS FROM THE COLORADO RIVER
CORRIDOR GRAND CANYON NATIONAL PARK*

Family Genus
Aceraceae
Acer
Adiantaceae
Adiantum
Astrolepis
Cheilanthes
Notholaena
Agavaceae
Agave
Nolina
Yucca
Amaranthaceae
~® Amaranthus
®
Tidestromia
Anacardiaceae
Rhus
Apiaceae
® Apium
Apocynaceae
Amsonia
Apocynum

December 1995
Species and Authority

negundo L. var. interius (Britt.) Sarg.

capillus-veneris L.

cochisensis (Goodd.) Benham & Windham
eatoni Baker

parryi D.C. Eaton

utahensis Engelm.

sp.
angustissima Eneglm,

albus L.

fimbriatus (Torr.) Benth. in Wats.
graecizans L.

retroflexus L.

oblongifolia (Wats.) Standl.

glabra L.
radicans L. var. rydbergii (Small) Rehder
trilobata Nutt. var. simplicifolia (Greene) Barkley

graveolens L.

tomentosa Torr. & Frem.
cannabinum L.

*Nomenclature follows Lehr (1978, 1980, 1982);
R~ = New reports in Ayers et al. (1995)

®= Exotic species

® = Unconfirmed new reports
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Asclepiadaceae
Asclepias
Sarcostemma

Asteraceae
Acourtia
Agoseris
Ambrosia

Artemisia

Aster

Baccharis

Baileya
Bebbia
Bidens
Brickellia

Calycoseris
® Centaurea
Chaenactis

Chrysothamnus

latifolia (Torr.) Raf.
cynanchoides Decne. in DC.

wrightii (Gray) Reveal & King
heterophylla (Nutt.) Greene
acanthicarpa Hook.
confertiflora DC.

dumosa (Gray) Payne

bigelovii Gray

cf. campestris L. var. scouleriana (Benth.)Cronq.
carruthii Wood

dracunculus L.

filifolia Torr.

Jfrigida Willd.

ludoviciana Nutt.

tridentata Nutt.

coerulescens DC.

Soliaceus Lindl.

glaucodes Blake

spinosus Benth.

subulatus var. ligulatus Michx.
brachyphylla Gray

emoryi Gray

salicifolia (R. & P.) Pers.
sarothroides Gray

sergiloides Gray

multiradiata Harv. & Gray
Jjuncea (Benth.) Greene
frondosa L.

atractyloides Gray

californica (Torr. & Gray) Gray
coulteri Gray

longifolia Wats.

multiflora Kellogg

scabra (Gray) Nels.

cf. parryi Gray

repens L.

cf. douglasii (Hook.) Hook. & Arn.
stevioides Hook. & Arm.
nauseosus (Pall.) Britt.
viscidiflorus (Hook.) Nutt. var. viscidiflorus
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Cichorium
Cirsium
Conyza
Dicoria

Dyssodia

Encelia

Enceliopsis
Erigeron

Filago
Flaveria
Gaillardia
Gnaphalium
Grindelia
Gutierrezia
Haplopappus
Helianthella
Heterotheca
Hymenoclea
Hymenopappus
Hymenoxys
Isocoma

Iva

Leucelene

intybus L.

neomexicanum Gray
canadensis (L.) Crong.
brandegei Gray

canescens Gray

acerosa DC.

cf. papposa (Vent.) Hitchc.
pentachaeta (DC.) Robins.
porophylloides Gray

farinosa Gray

virginensis Nels.

cf. nudicaulis (Gray) Nels.

cf. caespitosus Nutt.
concinnus (Hook. & Am.) Torr. & Gray
divergens Torr. & Gray
lobatus Nels.

utahensis Gray

cf. arizonica Gray

californica Nutt.

depressa Gray

mcdougalii Theroux, Pinkava & Keil
pinnatifida Torr.

cf. spathulata Gray

chilense Spreng.

squarrosa (Pursh) Dunal
microcephala (DC.) Gray
sarothrae (Pursh) Britt. & Rusby
scopulorum (Jones) Blake
salicinus Blake

microcephala Gray

villosa (Pursh) Shinners

sp.

filifolius Hook.

acaulis (Pursh) Parker

cf. cooperi (Gray) Cockerell
richardsoni (Hook.) Cockerell
acradenia (Greene) Greene
drummondii (Torr. & Gray) Greene
acerosa (Nutt.) Jackson

cf. acerosa (Nutt.) Jackson
ericoides (Torr.) Greene




® O

Machaeranthera

Malacothrix

Melampodium
Microseris
Parthenium
Perityle

Peucephyllum
Pleurocoronis
Porophyllum
Prenanthella
Psilostrophe

Rafinesquia
Senecio

Solidago

Sonchus

Stephanomeria

Taraxacum
Tessaria
Thelesperma
Tragopogon

Trixis
Verbesina
Viguiera
Xanthium
Xylorhiza

canescens (Pursh) Gray

cf. gracilis (Nutt.) Shinners
linearis Greene

pinnatifida (Hook.) Shinners
tanacetifolia (H.B.K.) Nees
californica DC. var. glabrata A Gray ex D.C. Eaton
sonchoides (Nutt.) Torr. & Gray
leucanthum Torr. & Gray
linearifolia (DC.) Schultz Bip.
incanum H.B.K.

congesta (Jones) Shinners

emoryii Torr.

schottii Gray

pluriseta (Gray) King & Robinson
gracile Benth.

exigua (Gray) Rydb.

sparsiflora (Gray) A. Nels.
tagetina (Nutt.) Greene
neomexicana Gray

douglasii DC. var. longilobus (Benth.) L. Benson
multilobatus Torr. & Gray ex Gray
altissima L.

canadensis L.

missouriensis Nutt.

multiradiata Ait.

occidentalis (Nutt.) Torr. & Gray
sparsiflora Gray

asper (L.) Hill

oleraceus L.

exigua Nutt.

pauciflora (Torr.) A. Nels.
tenuifolia (Torr.) H.M. Hall
officinale Weber

sericea (Nutt.) Shinners
subnudum Gray

dubius Scop.

cf. porrifolius L.

californica Kell.

encelioides (Cav.) Benth. & Hook.
annua (Jones) Blake

strumarium L.

tortifolia (Torr. & Gray) Greene
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B Zinnia
Berberidaceae
Berberis
Bignoniaceae
Chilopsis
Boraginaceae
Amsinckia
= Cryptantha
=
Heliotropium
= Lappula
=
Lithospermum
Pectocarya
Plagiobothrys
Tiquilia
Brassicaceae
Arabis
® Chorispora
Descurainia
Dithyrea
Draba
=
Lepidium

grandiflora Nutt.

haematocarpa Wooton

linearis (Cav.) Sweet

intermedia Fisch. & Mey.
cf. ambigua (Gray) Greene
barbigera (Gray) Greene
capitata (Eastw.) Johnst.
confertiflora (Greene) Payson
decipiens (Jones) Heller
Sfendleri (Gray) Greene

cf. flava (A.Nels.) Payson
prerocarya (Torr.) Greene
racemosa (Wats.) Greene
utahensis (Gray) Greene
convolvulaceum (Nutt.) Gray
curassavicum L.

cf. echinata Gilib.

redowskii (Hornem.) Greene
cf. texana (Scheele) Britton
incisum Lehm.

heterocarpa Johnst.
platycarpa Munz & Johnst.
recurvata Johnst.

Jjonesii Gray

canescens (DC.) A. Richardson
latior (I. M. Johnst.) A. Richardson

Sfendleri (Wats.) Greene
perennans Wats.
tenella (Pall.) DC.
pinnata (Walt.) Britton
wislizeni Engelm.
cuneifolia Nutt.

cf. verna L.

Jfremontii Wats.
lasiocarpum Nutt.
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|- latifolium L.
montanum Nutt.
Lesquerella arizonica Wats.
cinerea Wats.
purpurea (Gray) Wats.
® Malcolmia africana (L.) R. Br.
Nasturtium officianle L.
= Rorippa cf. islandica (Oeder) Borbas
® Sisymbrium altissimum L.
® irio L.
= Stanleya cf. albescens Jones
pinnata (Pursh) Britton
Streptanthella longirostris (Wats.) Rydb.
Thelypodium integrifolium (Nutt.) Endl.

wrightii Gray

Thysanocarpus curvipes Hook. var. elegans (Fisch. & Mey.) Robinson

laciniatus Nutt.

Cactaceae

Echinocactus polycephalus Engelm. & Bigel.

Echinocereus engelmannii (Parry) Lem.
triglochidiatus Engelm.

Ferocactus acanthodes (Lemaire) B. & R.

Mammilaria microcarpa Engelm.

Opuntia basilaris Engelm. & Bigel.
erinacea Engelm. & Bigel.
phaeacantha Engelm.

Campanulaceae
Lobelia cardinalis L.
Nemacladus glanduliferus Jepson
Capparidaceae
Wislizenia refracta Engelm.
Caryophyllaceae
Silene antirrhina L.
= Spergularia cf. marina (L.) Griseb.
Stellaria nitens Nutt.
Celastraceae
Mortonia scabrella Gray var. utahensis Cov. ex Gray
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Chenopodiaceae
Atriplex

®

® Bassia
Chenopodium

=

=

R
Corispermum
Eurotia

R Kochia

® Salsola
Suaeda

Convolvulaceae

= Convolvulus

Cucurbitaceae

= Citrullus

Cyperaceae
Carex

=
Cladium

= Cyperus
Eleocharis
Scirpus

Elaeagnaceae
Eleagnus
Shepherdia

confertifolia (Torr. & Frem.) Wats.
rosea L.

hyssopifolia (Pallas) Kuntze

album L.

cf. berlandieri Moq.

cf. botrys L.

cf. desiccatum Nels.

Jremontii Wats. var. incanum Wats.

glaucum L. subsp. salinum (Standl.) Aellen

nitidum Kit.

lanata (Pursh) Moq.
scoparia (L.) Shrad.
iberica Sennen & Pau
torreyana Wats.

cf. equitans Benth.

cf. lanatus (Thunb.) Mansfeld

aquatilis Wahl.
curatorium Stacy
hystricina Muhl.

cf. kelloggii W. Boott.
californicum Wats.

cf. difformis L.

cf. laevigatus L.
macrostachya Britt.
parishii Britt.

cf. rostellata (Torr.) Torr.
acutus Muhl.

americanus Pers.
maritimus var. paludosus A. Nels.
pallidus (Britt.) Fern.
pungens var. polyphyllus
validus Vahl.

angustifolia L.
rotundifolia Parry
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Ephedraceae
Ephedra

Equisetaceae
Equisetum

Euphorbiaceae
Argythamnia
Bernardia

= Croton

R

= Euphorbia

=

=

=

=

=

g Reverchonia

Fabaceae
Acacia

® Alhagi
Astragalus

=

=2

=
Cassia

nevadensis Wats
torreyana Wats.

arvense L.

hiemale L.
laevigatum A. Braun.
x ferrisii Clute

neomexicana Muell. & Arg.

incana Morton

cf. corymbulosus Engelm.

texensis (Klotzsch) Muell. Arg.

cf. aaron-rossii A. & N. Holmgren
arizonica Engelm.

eriantha Benth.

cf. glyptosperma Engelm.

cf. micromera Boiss.

cf. ocellata Dur. & Hilg. var. arenicola (Parish) Jepson
cf. parryi Engelm.

cf. polycarpa Benth. var. hirtella Boiss.
cf. prostrata Aiton

revoluta Engelm.

arenaria Gray

gregii Gray

camelorum Fisch.

amphioxys Gray

cf. bryantii Barneby

cf. crassicarpus Nutt.

cf. desperatus Jones

cf. eremiticus Sheldon

kentrophyta Gray

lentiginosus Dougl.

mollissimus Torr. var. thompsonae (Wats.) Barneby

nuttallianus DC.

praelongus Sheldon

cf. recurvus Greene

cf. xiphoides (Barneby) Barneby
covesii (Gray) Irwin & Barneby
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Cercis
Dalea
= Lotus
Lupinus
® Medicago
® Melilotus
®
Parryella
Petalostemum
=
Prosopis
Psoralea
Robinia
® Trifolium
Vicia
Gentianaceae
Centaurium
=
Geraniaceae
® Erodium
Hydrophyllaceae
Eucrypta
Phacelia

occidentalis Torr.

cf. amoena Wats.
JSremontii Torr.

cf. lanata Sprengel
terminalis Jones

cf. neomexicanus Greene
wrightii (Gray) Greene
arizonicus Wats.

pusillus Pursh.

sativa L.

albus Desr.

officinalis (L.) Lam.
filifolia Torr. & Gray
occidentale (Heller) Fern
cf. purpureum (Vent.) Rydb.
glandulosa Torr.
Jjunceum (Eastw.) Rydb.
lanceolata Pursh.
neomexicana Gray
repens L.

exigua Nutt,

calycosum (Buckl.) Fern.
cf. exaltatum (Griseb.) Wight ex Piper

cicutarium (L.) L'Her.
texanum Gray

micrantha (Torr.) Heller
affinis Gray

ambigua Jones
corrugata Nels.
crenulata Torr.
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=

=

=

=

=
Philostoma

Iridaceae
Sisyrinchium

Juncaceae
Juncus

=

B

Krameriaceae
Krameria

Lamiaceae
Hedeoma

® Marrubium
Mentha
Salazaria
Salvia

= Stachys

cryptantha Greene

cf. curvipes Torr. ex. Wats.

cf. demissa Gray

glechomifolia Gray

cf. integrifolia Torr.

laxiflora J.T. Howell

cf. lutea (H. & A.) J. T. Howell
rotundifolia Torr.

cf. vallis-mortae J. Voss
auritum (Lindl.) Lilja

demissum Greene

acutus L. subsp. leopoldii (Parl.) Snog.
articulatus L.

balticus Willd.
bufonius L.

ensifolius Wikstr.
longistylis Torr.
nevadensis L.

cf. nodosus L.
saximontanus A. Nels.
tenuis Willd.

cf. tenuis Willd. -
torreyi Coville
xiphioides E. Mey.

parvifolia Benth.

nanum (Torr.) Briq.
oblongifolium (Gray) Heller
vulgare L.

arvensis L.

mexicana Torr.

davidsonii Greenm.

dorrii Torr.

cf. palustris L.




Liliaceae
Allium sp.
Calochortus Sflexuosus Wats.
Loasaceae
Eucnide urens Parry
Mentzelia albicaulis Dougl.
puberula J. Darl.
pumila (Nutt.) Torr.& Gray
Malphighiaceae
Janusia gracilis Gray
Malvaceae
= Abutilon cf. californicum Benth.

incanum (Link) Sweet
parvulum Gray
Sphaeralcea ambigua Gray
grossulariifolia (H. & A.) Rybd.
cf. parvifolia Nels.

Nyctaginaceae
Abronia elliptica A. Nels.
= cf. fragrans Nutt.
=2 cf. villosa Wats.
Allionia incarnata L.
Anulocaulis leiosolenus (Torr.) Standl.
Boerhaavia wrightii Gray
Mirabilis bigelovii Gray
multiflora (Torr) Gray
= Tripterocalyx cf. carnea (Greene) Galloway var. wootonii (Standl.) Galloway
Oleaceae
Fraxinus anomala Torr.
pensylvanica Marsh.
Onagraceae
Camissonia brevipes (Gray) Raven
chamaenerioides (Gray) Raven
multijuga (Wats.) Raven
= cf. parryi (Wats.) Raven
refracta (Wats.) Raven
Epilobium adenocaulon Hausskn.
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Gaura
Oenothera

=

Orchidaceae
Epipactis

Orobanchaceae
Orobanche

Papaveraceae
Argemone

=

Plantaginaceae
Plantago

®

®

Poaceae

® Agropyron
Agrostis

®

®
Andropogon
Aristida

® Avena

cf. adenocaulon Hausskn. var. parishii (Trel.) Munz
paniculatum Nutt.
coccinea Pursh
parviflora Dougl.
albicaulis Pursh
caespitosa Nutt.
cavernae Munz
deltoides Torr. & Frem.
hookeri Torr. & Gray
cf. laciniata Hill
longissima Rydb.
pallida Lindl.

cf. primiveris Gray

gigantea Douglas ex Hook.

multiflora Nutt.

corymbosa Greene
cf. munita Dur. & Hilg. subsp. rotundata (Rydb.) Ownbey

argyraea Morris
lanceolata L.
major L.

ovata Forsskal
purshii R. & S.

desertorum (Fisch.) Schult.
trachycaulum (Link) Malte
exarata Trin.
semiverticillata (Forsk.) C. Chr.
stolonifera L.

gerardi Vitm.

glomeratus (Walter) B.S.P.
adscensionis L.

glauca (Nees) Walp.
purpurea Nutt.

fatua L.




® ® OOFT ®%®®®®®

Bothriochloa

Bouteloua

Bromus

Calamagrostis
Cenchrus
Chloris
Cynodon
Dactylis
Dichanthelium
Digitaria
Distichlis
Echinochloa
Elymus

Enneapogon

Eragrostis

Erianthus
Erioneuron

Festuca

Heteropogon
Hilaria

Hordeum
Imperata
Koeleria

barbinodis (Lag.) Herter
saccharoides (Steudel) Gould
aristidoides (H.B.K.) Grisb.
barbata Lag.
curtipendula (Michx.) Torr.
eriopoda (Torr.) Torr.
gracilis (H.B.K.) Lag. ex. Steud.
trifida Thurb. in Wats.
arizonicus (Shear) Stebbins
inermis Leyss.
madritensis L.
rigidus Roth.
rubens L.
tectorum L.

cf. trinii Desv.
wildenowii Kunth.
scopulorum Jones
incertus M. Curtis
virgata Swartz.
dactylon (L.) Pers.
glomerata L.
lanuginosum (Elliott) Gould
sanguinalis (L.) Scop.
spicata (L.) Greene
crus-galli (L..) Beauv.
canadensis L.
cf. salina M. E. Jones
desvauxii Beauv.
cilianensis (All.) Mosher
curvula (Schrad.) Nees
pectinacea (Michx.) Nees
ravennae (L.) Beauv.
cf. avenaceum (H.B.K.) Tateoka
pilosum (Buckl.) Nash.
pulchellum (H.B.K.) Tateoka
cf. arundinacea Schreber
c.f. elatior L.
contortus (L.) Beauv.
c.f. jamesii (Torr.) Benth.
rigida (Thurb.) Benth.
leporinum Link
brevifolia Vasey
cf. pyramidata (Lam.) Beauv.
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R Leptochloa
Muhlenbergia

=
Oryzopsis

= Panicum

Ak Paspalum
Phragmites
Poa

=

®

® Polypogon

Bk Puccinellia

=

® Schismus
Schizachrium

® Setaria
Sporobolus
Stipa
Trichachne
Tridens
Vulpia

Polemoniaceae
Gilia

=

Jascicularis (Lam.) Gray
uninervia (Presl) Hitchc. & Chase
asperifolia (Nees & Mey.) Parodi
microsperma (DC.) Kunth.
porteri Scribn.

richardsonis (Trin.) Rybd.

cf. rigens (Benth.) Hitchc.
thurberi Rydb.

hymenoides (R.& S.) Ricker
milacea (L.) Benth. & Hook.
c.f. bulbosum H.B.K.

capillare L.

cf. hirticaule Presl.

obtusum H.B.K.

dilatatum Poir.

australis (Cav.) Trin.

annua L.

bigelovii Vasey & Scribn.
Sfendleriana (Steud.) Vasey

cf. interior Rydb.

palustris L.

monspeliensis (L.) Desf.

distans (L.) Parl.

c.f. nuttalliana (Schult.) Hitche.
arabicus Nees

scoparium (Michx.) Nash
glauca (L.) Beauv.

leucopila (Scribn. & Merr.) K. Shumann
airoides Torr.

contractus Hitchc.

cryptandrus (Torr.) Gray
flexuosus (Thurb.) Rydb.
giganteus Nash

comata Trin. & Rupr.

speciosa Trin. & Rupr.
californica (Benth.) Chase
muticus (Torr.) Nash

octoflora (Walter) Rydb.

filiformis Parry ex Gray
cf. gilioides (Benth.) Greene
scopulorum Jones
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sinuata Dougl. ex Benth.

Ipomopsis aggregata (Pursh) V. Grant
= cf. gunnisonii (Torr. & Gray) V. Grant
Langloisia setosissima (Torr. & Gray) Greene
Leptodactylon pungens (Torr.) Nutt.
Linanthus bigelovii (Gray) Greene
= Loeseliastrum cf. schortii (Torr.) Timbrook
Polygalaceae
Polygala scoparioides Chodat.
Polygonaceae
Chorizanthe brevicornu Torr.
Eriogonum corymbosum Benth.
deflexum Torr.
= cf. divaricatum Hook.

Sasciculatum Benth.

heermannii Dur. & Hilg.

inflatum Torr. & Frem.

insigne Wats.

cf. leptophyllum (Torr.) Woot. & Standl.
cf. microthecum Nutt.

palmerianum Reveal

= cf. polycladon Benth. in DC.
trichopes Torr.
wrightii Torr.
zionis J. T. Howell
Polygonum amphibium L.
® aviculare L.
® densiflorum Meisn.
laparhifolium L.
persicaria L.
punctatum Ell.
Prerostegia drymarioides Fisch. & Mey.
Rumex californicus Rech.f.
crispus L.
Portulacaceae
Claytonia perfoliata Donn.
Portulaca oleracea L.
Primulaceae
Androsace occidentalis Pursh
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Primula
Samolus

Ranunculaceae
Anemone
Aquilegia
Clematis
Delphinium

Ranunculus

Rhamnaceae
Rhamnus
Ziziphus

Rosaceae
Amelanchier
Cowania
Fallugia
Fragaria
Petrophytum
Prunus

Rubiaceae
® Galium

Rutaceae
Ptelea
Thamnosma

Salicaceae
Populus
Salix

specuicola Rydb.
parviflorus Raf.

tuberosa Rydb.
chrysantha Gray
ligusticifolia Nutt.
parishii Gray
scaposum Greene
cymbalaria Pursh
inamoenus Greene
cf. repens L.

betulifolia Greene
obtusifolia (Torr. & Gray) A. Gray

utahensis Koehne

mexicana D. Don var. stansburiana (Torr.) Jeps.
paradoxa (D. Don) Endl.

ovalis (Lehm.) Rydb.

caespitosum (Nutt.) Rydb.

fasciculata (Torr.) Gray

cf. aparine L.
multiflorum Kellogg
proliferum Gray
stellatum Kell.

trifoliata L. subsp. pallida (Greene) V.L. Bailey
montana Torr. & Frem.

Jfremontii Wats.
bonplandiana H.B.K
exigua Nutt.
gooddingii Ball

cf. lasiolepis Benth.




Scrophulariaceae
Castilleja
Cordylanthus
Maurandya
Mimulus

=

= Penstemon

R

® Verbascum
Veronica

Solanaceae
Datura
Lycium

=

=
Nicotiana

= Petunia
Physalis
Solanum

®

=

Sterculiaceae

= Ayenia

chromosa Nels.

integra Gray

linariifolia Benth.

parviflorus (Ferris) Wiggins
antirrhiniflora Humb. & Bonpl.
cardinalis Dougl.

cf. glabratus H.B.K.

guttatus DC.

rubellus Gray

cf. bicolor (Brandegee) Clokey & Keck
eatoni Gray

palmeri Gray

thapsus L.

americana (Raf.) Schwein.
anagallis-aquatica L.

meteloides DC.
andersonii Gray

cf. cooperi Gray
cf. exsertum Gray
pallidum Miers.
trigonophylla Dunal
cf. parviflora Juss.
crassifolia Benth.
hederifolia Gray
americanum Miller
elaeagnifolium Cav.
cf. nodiflorum Jacq.

cf. pusilla L.




Tamaricaceae
® Tamarix

Typhaceae
Typha

Ulmaceae
Celtis

Urticaceae
R Boerhaavia
Parietaria

VYerbenaceae
Aloysia
Verbena

Viscaceae
Phoradendron

Vitaceae
Parthenocissus
Vitis

Zannichelliaceae
Zannichellia

Zygophyllaceae
Kalistroemia
Larrea

pentandra Pall.

angustifolia L.
domingensis Pers.

reticulata Torr.

cylindrica (L.) Sw.
hespera Hinton
pensylvanica Muhl.

wrightii (Gray) Heller
bracteata Lag. & Rodr.
macdougalii Heller

sp.

inserta (Kerner) A. S. Hitchc.
arizonica Engelm.

palustris L.

californica (Wats.) Vail
tridentata (DC.) Cov.







APPENDIX B

Alphabetical List of Commonly Used Acronyms for
Names of Plant Species Referenced in
Data Appendices




Acronym

ABEL

ACGR
ACWR
AGUT
AGROPYRON
AGROSTIS
AGSE
AGSM
AGST
ALBUTIL
ALCA

ALIN

AMAC
AMDU
AMAL
AMBROSIA
ANGE
ANGL
APGR

APCA

ARGL
ARISTIDA
ARDR
ARLU

ASSP

ASSU
ASTER
ASTRAGALUS/
ASTRAG / ASTRAGAL
ATCA

B2

BAEM
BAHY

BASA

BASE

BASL
BACCHARIS
BASSIA

Species

Abronia elliptica
Acacia greggii
Acourtia wrightii
Agave utahensis
Agropyron sp.

Agrostis sp.

Agrostis semiverticilata
Agropyron smithii
Agrostis stolonifera
Abutilon sp.

Alhagi camelorum
Allionia incarnata
Ambrosia acanthicarpa
Ambrosia dumosa
Amaranthus albus
Ambrosia sp.
Andropogon gerardii
Andropogon glomeratus
Apium graveolens
Apocynum cannabinum
Aristida glauca
Aristida sp.

Artemesia dracunculus
Artemesia ludoviciana
Aster spinosus

Aster subulatus

Aster sp.

Astragalus sp.
Atriplex canescens
Bebbia juncea
Baccharis emoryi
Bassia hyssopifolia
Baccharis sarothroides
Baccharis sergiloides
Baccharis salicifolia
Baccharis sp.

Bassia sp.




BEJU

BIFR

BOCU

BOGR
BORAGE
BOBA

BOSA

BOBR
BOERHA
BOTR
BOUTELOUA
BRCA

BRLN

BRSC

BRRI

BRRU

BRTE

BRWI
BROMUS
CAAQ

CACO

CAREX
CACTUS
CAMU
CASTILLEJA
CENTAURIUM
CERE

CEEX

CEOC

CHAL
CHENOPODIUM
CHNA
CIRSIUM
COCA

COMP shrub
CONI

CRBA
CRYPTANTHA
CYDA

DALEA / DAMO
DATURA
DAWR / DAME
DEPE

Bebbia juncea

Bidens frondosa
Bouteloua curtipendula
Bouteloua gracilis
Unknown Boraginaceae
Bothriochloa barbanodis
Bothriochloa saccharoides
Bouteloua barbata
Boerhaavia sp.
Bouteloua trifida
Bouteloua sp.
Brickellia californica
Brickellia longifolia
Brickellia scabra
Bromus rigidus
Bromus rubens

Bromus tectorum
Bromus wildenowii
Bromus sp.

Carex aquatilis

Cassia covesii

Carex sp.

Unknown cactus
Camissonia multijuga
Castilleja sp.
Centaurium sp.

Celtis reticulata
Centaurium exaltatum
Cercis occidentalis
Chenopodium album
Chenopodium sp.
Chrysothamnus nauseosus
Cirsium sp.

Conyza canadensis
Unknown composite shrub
Corispermum nitidum
Cryptantha barbigera
Cryptantha sp.
Cynodon dactylon
Dalea mollis

Datura wrigitii

Datura wrightii
Descurania pinnata
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DEPI
DESCAR
DIBR

DICA

DILA

DISP
DICORIA
DYPE
ECCR
ECTR
ELCA
ELEOCHARIS
ELIOCHO
ELYMUS
ENFA
ENFR
EPAD

EPGI

EPNE
EQAR
EQUISETUM
ERAGROSTIS
ERCI

ERDE
ERCO

ERDI

ERCT
ERCU
ERIGERON
ERLO
ERIAST
ERODIUM
ERIN

ERTR

ERPI

ERPU
ERTE
EUPHORBIA
EUPO
FABACEAE
FAPA
FILAGO
GA (or Ga)

Descurania pinnata
Descurania pinnata
Dicoria brandegei

Dicoria canescens
Dichanthelium lanuginosum
Distichilis spicata

Dicoria sp.

Dyssodia pentachaeta
Echinochloa crusgalli
Echinocereus triglochidiatus
Elymus canadensis
Eleocharis sp.

Eleocharis sp.

Elymus sp.

Encelia farinosa

Encelia virginensis
Epilobium adenocaulon
Epipactis gigantea

Ephedra nevadensis
Equisetum arvense

Equisetum sp. (used for Equisetum x ferrissii)

Eragrostis sp.
Eragrostis cilianensis
Eriogonum deflexum
Erigeron concinnus
Erigeron divergens
Erodium cicutarium
Eragrostis curvula
Erigeron sp.
Erigeron lobatus
Eriastrum sp.
Erodium sp.
Eriogonum inflatum
Eriogonum trichopes
Erioneruon pilosum
Erioneuron pulchellum
Erodium texanum
Euphorbia sp.
Euphorbia polycarpa
Unknown Fabaceae
Fallugia paradoxa
Filago sp.

Unknown annual grass
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GAST
GERANIUM
GILIA

GNCH
GOATHEAD
GUMI

GUSA

GUSP

GUTI / GUTTV/
GUTIERRZ
GUTIERREZIA
HAAC

HECO

HELIOT / HECU

HEOB
HILARIA
HDA
HIRI
HOJU
IMBR
ISAC
JUAR
JUBA
JUEN
JUNCUS
JUTE
JUTO

KRAMERIA/ KRPA

LACTUCA
LARE
LATR
LEFR
LELA
LEMO
LEPIDIUM
MACHAE
MAMI
MAPI
MAAN
MEAL
MEAR
MEDICAGO

Galium stellatum
Geranium sp.

Gilia sp.

Gnaphalium chilense
(Tribulus terrestris)
Gutierrezia microcephala
Gutierrezia sarothrae
Gutierrezia sp.

Gutierrezia sp.
Gutierrezia sp.

Isocoma acradenia
Heteropogon contorta
Heliotropium curassavicum
Hedeoma oblongifolium
Hilaria sp.

Hilaria jamesii

Hilaria rigida

Hordeum leporinum
Imperata brevifolia
Isocoma acradenia
Juncus articulatus
Juncus balticus

Juncus ensifolius
Juncus sp.

Juncus tenuis

Juncus torryi

Krameria parvifolia
Lactuca sp.

Lappula redowskii
Larrea tridentata
Lepidium fremontii
Lepidium latifolium
Lepidium montanum
Lepidium sp.
Machaeranthera sp.
Mammilaria microcarpa
Machaeranthera pinnatifida
Maurandia antirrhiniflora
Melilotus alba

Mentha arvense
Medicago sp.




MELILOTUS/
MELILOTS
MEOF

MESA
MENTZELA/
MENZEL
MIRABILIS / MIMU
MOSS

MUAS
MUHLENBERGIA
MUPO

MURI
MUSTA
NAOF

NITR

NOMI

OECE

OEHO
OENOTHERA
OEPA
OPUNTIA
ORHY

ORLU

ORME

ORMI
OROBANCHE
ORSP

PACA

PADI

PAFI

PAOB
PECTOCAR
PEPA
PHACELIA
PHLOX
PHAU
PLANTAGO
PLLA

PLMA

POA

POAN

POFE

POFR

Melilotus sp.
Melilotus officinale
Medicago sativa

Mentzelia sp.
Mirabilis multiflora
Unknown moss
Muhlenbergia asperifolia
Muhlenbergia sp.
Muhlenbergia porteri
Muhlenbergia rigidus
Unknown mustard
Nasturtium officinale
Nicotiana trigonophylla
Nolina microcarpa
Oenothera cespitosa
Oenothera hookeri
Oenothera sp.
Oenothera pallida
Opuntia sp.

Oryzopsis hymenoides
Orobanche multoflora
Oryzopsis milacea
Oryzopsis milacea
Orobanche sp.
Oryzopsis sp.
Panicum capillare
Paspalum dilatatum
Parryella filifolia
Panicum obtusum
Pectocarya sp.
Penstemmon palmeri
Phacelia sp.

Phlox sp.

Phragmites australis
Plantago sp.
Plantago lanceolata
Plantago major

Poa sp.

Poa annua

Poa fendleriana
Populus fremontii
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POGR

POLYGONUM

POMO
POPE
PRGL
RACY

RANUNCLUS

RHTR

RUMEX / RUCR

SACY
SAEX
SAGO
SAIB
SARA
SCAC
SCAM
SCFL
SCIRPUS
SCMA
SCPU
SCSC
SCVA
SELO
SETARIA
SOAS
SOLANUM
SOLIDAGO
SONCHUS
SO0C
SONU
SPAI
SPAM
SPCO
SPCR
SPFL
SPGI

SPOROBOLUS

STIPA
STLO
STPI
STPA
STTE
STSP

Porophyllum gracile
Polygonum sp.
Polypogon monspeliensis
Polygonum persicaria
Prosopis glandulosa
Ranunculus cymbalaria
Ranunculus sp.

Rhus trilobata

Rumex crispus
Sarcostemma cynanchoides
Salix exigua

Salix goodingii

Salsola iberica
Saccharum (= Erianthus) ravennae
Scirpus acutus

Scirpus ameircanus
Scirpus validus

Scirpus sp.

Scirpus maritimus
Scirpus pungens
Schizachyrium scoparium
Scirpus validus

Senecio douglasii var. longilobus
Setaria sp.

Sonchus asper

Solanum sp.

Solidago sp.

Sonchus sp.

Solidago occidentalis
Sorghastrum nutans
Sporobolus airoides
Sphaeralcea ambigua
Sporobolus contractus
Sporobolus cryptandrus
Sporobolus flexuosus
Sporobolus gigantea
Sporobolus sp.

Stipa sp.

Streptanthella longirostris
Stanleya pinnata
Stephanomeria pauciflora
Stephanomeria tenuifolia
Stipa speciosa




TAOF
TAPE
TARA
TESE
THMO
TIQUILIA
TICA

TILA

TIOB
TRAGOPOGON
TRDU
TRMU
TYDO
TYPHA
UCOMP
UDS
UFUZZY
UGRASS
UNKMUSTA
UPOLEM
VERBENA
VEAM
VEAN
VERONICA
VULPIA
vuoC
XAST
WIRE
YUAN
YUWH

Taraxacum officinale
Tamarix pentandra
Tamarix pentandra
Tessaria sericia
Thamnosma montana
Tiquilia sp.

Tiquilia canescens
Tiquilia latior
Tidestromia oblongifolia
Tragopogon sp.
Tragopogon dubius
Tridens muticus
Typha domingensis
Typha sp.

Unknown composite
Unknown dicot seedling
Unknown fuzzy dicot
Unknown grass
Unknown mustard
Unknown polemon
Verbena sp.

Veronica americana

Veronica anagallis-aquatica

Veronica sp.

Vulpia sp.

Vulpia octoflora
Xanthium strumarium
Wizlizenia refracta
Yucca angustissima
Yucca whippleii
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Appendix C

Hard-Copy Format Data from
Censuses of Long Term Quadrats (LTQs) in the Fall of 1994

These censuses were performed during a field trip in September / October 1994. The
format for the dates given with each data file is YYMMDD, where YY is a two-digit
year designation, MM is a two-digit month designation, and DD is a two-digit day
designation. Thus the date given as 940919 indicates the census was done on 19
September 1994.

These data are entered on a standard Lotus 1-2-3 spreadsheet “template” file which was
filled in with each plot’s data The data columns themselves are:

PLOT / TRANSECT

SUBPLOT (for bookkeeping purposes)

SPP. (the acronym for the species, given in Appendix B)

#IND (the number of individuals being measured)

#STEMS (the number of stems being measured)

B. DIAM. (the basal area of the stems being measured)

TTL. B.A. (the total basal = #STEMS * [pi * (B. DIAM / 2)?))

A blank line or the numeral “0" in the #IND column indicates that the stems on that
line were part of a clump, as described in the Data Analysis portion of the Methods
section. Each subplot number is listed only once at the beginning of the data for that
subplot, so all lines between subplot numbers contain data from the subplot indicated by
the first number. Likewise, each species name is listed only once per subplot.

Plots are identified by two-letter acronyms, rather than three-letter acronyms as in the
text. These should be obvious, but for clarity these are:

ND = NDR = New Dry

RS = RST = Riparian Strip

GB = BCH = General Beach

DF = DFN = Debris Fan




FIELD VEGETATION DATA, 1994 ENTRY: MMK/ACF
DATE: 940920 RECORDER: ACFURG/JKORN
MILE: 2.6 READERS: DAN/MH/KB/PC/BR
SIDE LEFT COMMENTS:
PLOT: DF DISP=DISTICHILIS SPICATA
#5 IS EMPTY!!1!!

PLOT/
TRANSECT I SUBPLOT SPP. #IND. #STEMS B. DIAM.  TTL.B.A.
DF [] 1 ARLU 5 5 0.4 0.628
DF ] 3 3 0.6 0.848
DF ] 1 1 0.2 0.031
DF [ SAEX 1 1 3.7 10.752
DF H UDS 1 1 0.1 0.008
DF I 2 CERE 1 1 0.1 0.008
DF I SPCR 1 1 4x2 8.000
DF ] 1 1 7x1 7.000
DF I 1 1 4x.5 2.000
DF |1 1 1 4x2.5 10.000
DF ] 11 11 0.3 0.778
DF ] 1 1 0.2 0.031
DF [] 1 1 2x.5 1.000
DF ] STIPA 1 1 0.5 0.196
DF ] BRLN 1 1 0.9 0.636
DF H 0 1 0.7 0.385
DF I 0 1 1.2 1.131
DF ] 1 1 3.0 7.069
DF I1] 0 1 2.7 5.726
DF I ARLU 9 A 9 0.3 0.636
DF I 42 42 0.2 1.319
DF ] 6 6 0.4 0.754
DF [1] 3 CERE 1 1 3.0 7.069
DF ] 1 1 0.5 0.196
DF H STTE 1 1 0.5 0.196
DF I 1 1 0.3 0.071
DF | 2 2 0.2 0.063
DF ] ARLU 1 1 2.5 4.909
DF ] 1 1 1.3 1.327
DF ] MUAS 4 4 0.2 0.126
DF ] 4 BRLN 1 3 0.5 0.589
DF I 1 1 3.5 9.621
DF I 1 10 0.4 1.257
DF I 0 5 0.3 0.353
DF I 1 1 0.8 0.503
DF I 1 20 0.3 1.414
DF ] ARLU 2 2 0.3 0.141
DF I 6 STTE 1 1 0.2 0.031
DF I UDS 1 1 0.1 0.008

C-2
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DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF

SAEX

7 ARLU
8 STTE

DISP
HAAC
SAEX

FIELD VEGETATION DATA, 1994

DATE: 940920 RECORDER: northcutt
MILE: 2.6 READERS:  mk/kb/cs/
SIDE left

PLOT: gb

PLOT/
TRANSECT
GB

GB

GB

GB

GB

GB

GB

GB

] SUBPLOT SPP.
11
1
11
Il
1
|11
1
]
GB |11
11
I
1
|11
11
1
|11
1
1

1 SPCR

SO0C

ARLU

GB
GB
GB
GB
GB
GB
GB
GB
GB

POFE

ENTRY:

[ = )

—_
(=]

e = e O e = e N O e e b N

COMMENTS:

mjck/acf

#IND.

(8]
—_— W) WD = W W e W e

) = ) e sk A

— e e e N

—
oo

= e e e e = N WO = = N

0.4
0.5
1.2
4.0
6.0
0.1
0.3
0.4
0.5
0.5
0.3
0.1
0.1
1.2
0.6
0.5
1.3
1.8
1.0

#STEMS

[ o]
=W W O = W W e W) e

N e L) = = N e

B. DIAM.
15.0
7.0
0.5
0.7
0.3
0.2
0.4
0.3
0.2
0.4
0.4
0.8
0.3
1.2
0.8
0.7
0.4
0.5

0.251
0.196
1.131
12.566
28.274
0.141
0.141
0.126
0.196
1.178
0.212
0.016
0.008
1.131
0.283
0.196
1.327
2.545
0.785

TTL. B.A.

176.715
38.485
0.589
0.385
0.212
0.094
0.126
0.636
0.094
0.377
2.639
0.503
0.353
1.131
0.503
1.155
0.126
1.374




GB 1 JUBA 28 28 0.2 0.880 l
GB [] 13 13 0.3 0.919
GB I SAEX 1 2 0.2 0.063 l
GB I 0 1 0.5 0.196
GB ] 1 1 2.5 4.909
GB ] 1 1 0.4 0.126 l
GB 11 1 1 0.5 0.196
GB I 2 S00C 3 3 0.4 0.377
GB I 2 2 0.7 0.770 .
GB ] 2 2 0.3 0.141
GB I 2 2 0.5 0.393
GB I 9 9 0.3 0.636 .
GB L] 2 2 0.8 1.005
GB I 2 2 1.0 1.571
GB I 1 1 1.2 1.131 l
GB ] 1 1 1.5 1.767
GB I 5 5 0.6 1.414
GB 1] 1 1 1.4 1.539 .
GB N AGST 1 1 1.0 0.785
GB ] 2 2 0.8 1.005
GB I 1 1 0.4 0.126 '
GB I JUBA 39 39 0.2 1.225
GB [ MUAS 52 52 0.2 1.634
GB [ 1 1 0.4 0.126 '
GB I 1 1 1.0 0.785
GB I BRWI 1 1 1.5 1.767 I
GB I So0C 11 11 0.2 0.346
GB ] 35 35 0.4 4.398
GB |1 13 13 0.5 2.553 I
GB Il 7 7 0.3 0.495
GB [ 3 3 0.6 0.848
GB 11 1 1 0.7 0.385 '
GB I 1 1 1.0 0.785
GB I POFE 3 3 0.8 1.508
GB 1] 3 ARLU 1 1 0.5 0.196 .
GB I SPCR 1 1 11.0 95.033
GB I 1 1 3.0 7.069
GB I So0C 2 2 0.4 0.251 l
GB [ 8 8 0.3 0.565
GB I 9 9 0.2 0.283
GB |1 4 4 0.5 0.785 '
GB |1 1 1 0.6 0.283
GB H MUAS 8 8 0.3 0.565
GB I 213 213 0.2 6.692 .
GB I POFE 1 1 1.5X2.0 3.000
GB I 1 1 1X.5 0.500
GB H | 1 1 3.0x.5 1.500 .
GB 1] 1 1 0.5 0.196
C-4 l




GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB

EQUISETUM

MELILOTUS

17
16

1000

— e b e e D b O s O =

[o7e] Pk
S = N O

S = DD AN

12
18

1300

400

_— W = OO =

10
17
16

—_
g .

N W W = == N W W W WLk

o0 —
S = N O

W W NN

12

18

1300

400

— ) e ea N = WD

0.2
0.3
0.1
0.2
0.1
0.3
0.4
0.1
0.2
0.1
0.1
0.2
0.2
0.1
0.2
0.3
0.1
0.1
0.4
0.3
0.2
0.3
0.4
0.1
0.1
0.2
0.3
0.2
0.1
0.2
0.1
0.4
0.1
0.2
0.1
0.1
0.2
0.4
0.5
0.3
0.1
0.3
0.2
04
1.2
0.2
0.4
0.4

0.220
0.424
0.079
0.534
0.126
0.495
0.126
7.854
0.157
0.024
0.024
0.094
0.063
0.008
0.031
0.071
0.047
0.039
0.377
0.141
0.314
0.141
0.126
0.628
0.016
0.188
0.141
0.094
0.024
0.377
0.141
0.126

10.210

0.063
0.006
0.094
0.031
0.754
0.196
0.071
3.142
0.212
0.031
0.251
1.131
0.031
0.377
0.126




GB [ 0 1 0.6 0.283 l
GB I SPFL 1 1 6.0 28.274
GB ] AGSM 1 1 5.1 20.428 '
GB |1 1 1 5.0 19.635
GB H 1 1 1.0 0.785
GB [l ARLU 1 1 0.5 0.196 l
GB ] SAIB 2 2 0.1 0.016
GB I 8 SO0C 15 15 0.5 2.945
GB I 38 38 0.4 4.775 '
GB I 18 18 0.3 1.272
GB I 3 3 0.6 0.848
GB |11 SAEX 2 2 0.7 0.770 .
GB I 1 1 0.8 0.503
GB 1] 11 11 0.4 1.382
GB I 4 4 0.3 0.283 .
GB I 4 4 0.2 0.126
GB H 1 1 0.5 0.196
GB [ 1 1 0.6 0.283 l
GB ] MUAS 2000 2000 0.1 15.708
GB ] ARLU 1 1 0.7 0.385
GB ] 2 2 0.4 0.251 l
GB I 1 1 0.5 0.196
GB I 1 1 1.2 1.131
GB H SPFL 1 1 10.5 86.590 l
GB I 1 1 4.0 12.566
GB ] 1 1 9.5 70.882 l
GB H SONCHUS 1 1 0.2 0.031
FIELD VEGETATION DATA, 1994 ENTRY: ACF/MICK l
DATE: 940920 RECORDER: ACFURG/DDANORTHCUT
MILE: 2.6 READERS: MH/BR/PC/JK/CS/KB '
SIDE LEFT COMMENTS:
PLOT: ND l
PLOT/ :
TRANSECT H SUBPLOT SPP. #IND. #STEMS B. DIAM.  TTL.B.A. '
ND Il 1 SAEX 1 1 0.4 0.126
ND I 3 3 2.0 9.425
ND ] 1 1 0.5 0.196 l
ND o 1 1 1.0 0.785
ND I 1 1 0.4 0.126
ND | 0 1 0.5 0.196 .
ND ] 0 1 0.3 0.071
ND ] 1 1 1.5 1.767
| ND H 1 2 0.3 0.141 l
i ND ] 0 5 0.2 0.157
C-6 l




-l

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

'ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

EQUISETUM

2 SAEX

CONI

SAIB

EQUISETUM

3 SAEX

EQUISETUM

4 EQUISETUM

SAEX

SAIB

5 EQUISETUM

SAEX

it
=N =N O R NN N RO s e e )

[y
w

00 = N N B = O

24
12

[\ J O N ey

—
~

Q = e NN e ek e e e B

— —
W o= NN = NN NN ANO = AN = m oe Q)

00 = NN AR = O

24
12

[\ T S VY

o
~

N kst b N DN+ N e = e e

0.2
0.3
2.2
1.0
1.5
0.4
0.3
4.0
0.2
0.3
0.2
0.1
1.0
1.0
1.2
0.8
0.9
0.2
0.3
0.4
0.1
0.2
0.4
0.5
1.2
0.8
0.1
0.3
0.2
0.4
1.2
0.8
0.3
0.5
0.3
0.2
0.3
0.5
1.0
0.5
0.1
0.2
0.8
0.5
0.2
1.6
1.5
04

0.031
0.212
3.801
0.785
1.767
0.251
0.424

12.566

0.283
1.131
0.063
0.016
1.571
0.785
2.262
1.005
0.636
0.063
0.141
0.126
0.102
0.283
0.126
0.785
2.262
1.005
0.008
0.565
0.754
1.508
1.131
0.503
0.071
0.196
0.141
0.534
0.283
0.196
0.785
0.196
0.008
0.157
0.503
0.393
0.063
2.011
1.767
0.251




ND H SAIB 1 1 0.5 0.196 '
ND I 6 SAEX 1 1 0.5 0.196
ND | 1 1 0.2 0.031 .
ND L 1 1 0.5 0.196
ND |1 0 1 0.2 0.031
ND H 1 1 0.8 0.503 l
ND I 0 1 0.2 0.031
ND 1 1 1 0.4 0.126
ND I 1 1 0.3 0.071 l
ND I SAIB 1 1 0.2 0.031
ND ] EQUISETUM 12 12 0.2 0.377
ND iy 18 18 0.4 2.262 '
ND 11 6 6 0.3 0.424
ND I 7 ASTRAGALU 1 1 2.5 4.909
ND I EQUISETUM 2 2 0.3 0.141 .
ND I 6 6 0.2 0.188
ND N 6 6 0.4 0.754
ND I SAIB 1 1 0.5 0.196 .
ND M 4 4 0.4 0.503
ND I SAEX 2 2 0.3 0.141
ND I 1 1 0.4 0.126 l
ND i 1 1 0.2 0.031
ND H 1 1 1.8 2.545
ND I 1 1 1.0 0.785 '
ND I 1 1 1.5 1.767
ND 11 8 SAEX 2 2 0.6 0.565
ND |11 2 2 0.5 0.393 '
ND |11 1 1 1.0 0.785
ND I 1 1 0.1 0.008 l
ND I 0 2 0.4 0.251
ND I 0 1 0.6 0.283
ND I 1 3 0.4 0.377 '
ND 11 EQUISETUM 19 19 0.2 0.597
ND 1 9 9 0.3 0.636
ND ] 2 2 0.4 0.251 '
ND [ 2 2 0.5 0.393
'ND [ 14 14 0.1 0.110
ND |1 SAIB 9 9 0.2 0.283 '
FIELD VEGETATION DATA, 1994 ENTRY: MJCK/ACF '
DATE: 940920 RECORDER: DANORTHCUTT
MILE: 2.6 READERS:  MICK/CS/TC/BB/SK
SIDE L COMMENTS: .
PLOT: RS STEEP MOFO
PLOT/ l
C-8 l




TRANSECT

RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
"RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS

AN O O s © O = ek NO K e e e O N = N
Q=N = N WL NN R R NN N

W
—
(9]

EQUISETUM

—
00 W W ) W
B LW N N e e e e e = DN W W W N = e = 00 W W W

— e WA W= = OO O OO RO O e e

B. DIAM.

0.2
2.2
0.2
0.2
0.1
1.5
1.3
0.4
0.2
0.3
0.3
0.2
2.4
04
0.2
0.3
04
0.3
0.2
0.1
0.1
0.2
0.3
0.2
0.3
0.4
0.3
0.2
0.6
0.9
0.4
0.2
0.2
0.3
1.4
1.7
0.7
1.0
0.6
1.2
1.7
0.8
0.3
0.2
04
0.5
0.3

TTL. B.A.

0.063
3.801
0.063
0.063
0.016
1.767
1.327
0.126
0.031
0.071
0.141
0.063
4.524
0.377
0.094
0.141
0.126
0.071
0.063
0.008
0.047
0.471
0.212
0.220
0.212
0.377
0.565
0.346
0.283
0.636
0.251
0.094
0.094
0.212
3.079
2.270
0.385
0.785
0.283
1.131
2.270
0.503
0.353
0.188
0.377
0.196
0.283




RS I 0 3 0.2 0.094 '

RS [] 1 2 0.3 0.141

RS I ARLU 17 17 0.2 0.534 .

RS I 23 23 0.3 1.626

RS I 2 2 0.1 0.016

RS N GUMI 1 1 0.7 0.385 l

RS I SPOROBOLU 1 1 0.9 0.636

RS (o EQUISETUM 6 6 0.3 0.424

RS " 5 5 0.4 0.628 l

RS ] 2 2 0.2 0.063

RS I 5 ECCR 13 13 0.3 0.919

RS [11 BRLN 1 10 0.6 2.827 '

RS I 0 4 0.8 2.011

RS I 0 5 0.4 0.628

RS ] 1 1 1.3 1.327 I

RS Il ARLU 1 1 0.2 0.031

RS ] 1 7 0.2 0.220

RS I 0 3 0.4 0.377 .

RS |11 6 SO0C 1 1 0.5 0.196

RS |1 ARLU 29 29 0.2 0.911

RS |1 1 1 0.4 0.126 l

RS |1 2 2 0.1 0.016

RS ] ECCR 45 45 0.3 3.181

RS ] EQUISETUM 6 6 0.3 0.424 '

RS H 43 43 0.2 1.351

RS I STTE 1 3 0.2 0.094

RS ] 0 2 0.2 0.063 l

RS H ASSP 1 6 0.2 0.188

RS I 0 3 0.1 0.024 .

RS H 7 BRLN 1 11 0.5 2.160

RS H 0 3 0.8 1.508

RS 11 0 1 1.0 0.785 '

RS H ECCR 169 169 0.2 5.309

RS H 1 1 0.3 0.071

RS ] BRLN 1 1 1.5 1.767 '

RS I 0 2 0.4 0.251

‘RS 1 0 4 0.6 1.131

RS 11 0 1 1.4 1.539 '

RS [] 0 1 1.0 0.785

RS I 1 15 0.6 4.241

RS H 0 8 0.3 0.565 '

RS 1] 10 10 1.0 7.854

RS 1 ARLU 1 3 0.2 0.094

RS |1 2 2 0.3 0.141 '

RS ] ASSP 1 1 0.2 0.031

RS ] 1 1 0.3 0.071

RS ] 1 10 0.3 0.707 .

RS I 0 10 0.2 0.314
c-10 .




RS [] CYDA 1 1

RS Il 8 EQUISETUM 24 24

RS |11 3 3

RS [ SAEX 1 1

RS [ 1 SO0C 2 2

RS | 8 8

RS L 2 2

RS H ARLU 2 2

RS [ ECCR 6 6

RS |11 6 6

RS I 4 4

RS [] 182 182

RS I ASSP 1 1

RS ] 1 1

FIELD VEGETATION DATA, 1994 ENTRY: KB,DN

DATE: 940920 RECORDER: AF,JK,DN,KB

MILE: 8 READERS:

SIDE L COMMENTS:

PLOT: DF

PLOT/

TRANSECT [ SUBPLOT SPP. #IND. #STEMS

DF [ 1 Gp 9 9
I 2 Gp 22 22
I SPCR 1 1
] Opuntia 1 1
I 5 BRLN 1 1
[ 6 SPAM 1 1
I Gp 88 88
| Goathead 1 1
I 1 1
I 7 SAEX 1 1
I 1 1
I 1 1
I 4 4
] 8 Gp 100 100
[ ARGL 1 1
[ SPCR 4 4

FIELD VEGETATION DATA, 1994 ENTRY: KB,DN

DATE: 940920 RECORDER: AF,DN,JK

MILE: 8 READERS: TC,SK,CS

SIDE L COMMENTS:

PLOT: GB

C-11

0.3
0.1
0.2
1.2
0.1
0.2
0.3
0.1
0.2
0.1
0.4
0.3
0.2
0.3

B. DIAM.
0.1
0.1
1.2
2.0
0.2
0.1
0.1
0.1
0.2
6.5
4.2
5.5
0.2
0.1
4.0
0.2

0.071
0.188
0.094
1.131
0.016
0.251
0.141
0.016
0.188
0.047
0.503
12.865
0.031
0.071

TTL. B.A.
0.071
0.173
1.131
3.142
0.031
0.008
0.691
0.008
0.031

33.183
13.854
23.758
0.126
0.785
12.566
0.126




PLOT/

TRANSECT 11 SUBPLOT SPP. #IND. #STEMS  B.DIAM.  TTL. B.A. '
GB 1 1 ARGL 1 1 14.0 153.938

GB I STTE 1 1 13.5 143.139 .
GB I 1 2 0.5 0.393
GB H 1 0.6 0.283
GB I 1 0.7 0.385 .
GB 11 1 1 0.2 0.031
GB 1 1 0.3 0.071
GB I ORHY 1 1 6.5 33.183 .
GB 11 1 1 1.6 2.011
GB 11 1 1 4.5 15.904
GB 11 1 1 3.5 9.621 '
GB 11 1 1 1.7 2.270
GB i 1 1 2.0 3.142
GB 11 1 1 4.0 12.566 '
GB I 1 1 1.8 2.545
GB 11 1 1 1.0 0.785
GB 1 1 1 0.8 0.503 '
GB 11 1 1 1.7 2.270
GB I 1 1 0.3 0.071
GB H 1 1 8.0 50.265 .
GB H 1 1 6.4 32.170
GB H 1 1 2.5 4.909
GB I 3 3 1.2 3.393 .
GB 1 1 1 0.9 0.636
GB 1 1 1 0.1 0.008 .
GB 1 1 1 9.5 70.882
GB 1 1 1 20.0 314.159

GB (] 1 1 0.6 0.283 I
GB N 1 1 8.0 50.265
GB I SPAM 6 6 0.2 0.188

GB 1 1 1 0.3 0.071 '
GB 11 SAIB 1 1 0.3 0.071

GB 11 2 STTE 2 2 10.0 157.080

GB I 1 1 0.2 0.031 .
GB ] 1 1 6.5 33.183
GB M 1 1 12.3 118.823

GB 1] 1 1 17.0 226.980 l
GB 11 1 1 5.0 19.635
GB 11 ORHY 1 1 4.5 15.904
GB 11 1 1 5.5 23.758 '
GB 11 1 1 6.2 30.191
GB ] 6 6 0.3 0.424
GB 1] 3 3 1.5 5.301 '
GB | 1 1 0.4 0.126

C-12




' GB H 2 2 2.0 6.283
GB I SPAM 2 2 0.2 0.063
' GB [ 1 1 0.1 0.008
GB I 3 3 0.3 0.212
GB H DISP 3 3 0.2 0.094
' GB ] 1 1 0.1 0.008
GB [ 3 DIBR 3 3 0.2 0.094
GB 11 2 2 0.3 0.141
l GB ] 2 2 0.4 0.251
GB I SPAM 4 4 0.2 0.126
GB I 3 3 0.1 0.024
l GB il ORHY 1 1 2.6 5.300
GB |11 2 2 0.2 0.063
GB |1 1 1 0.3 0.071
' GB I DISP 3 3 0.1 0.024
GB I OEPA 1 1 0.2 0.031
GB [1] STTE 1 1 0.2 0.031
' GB H 4 ORHY 1 1 0.6 0.283
GB I 1 1 0.2 0.031
GB |1 1 1 5.0 19.635
' GB I 1 1 3.0 7.069
GB ] 1 1 2.2 3.801
| GB I 1 2 0.5 0.393
' GB [ 1 0.4 0.126
GB I 1 0.3 0.071
| GB N 1 1 0.6 0.283
| l GB |1 1 1 0.6 0.283
GB I 10 10 0.5 1.963
GB |1 1 1 1.2 1.131
' GB [ 1 1 1.7 2.270

GB ] 1 1 1.5 1
l GB ] DISP 14 14 0.1 0.5
) GB |11 1 1 0.2 0.031
GB |11 STTE 14 14 0.4 1.759
' GB 11 SPAM 1 1 0.2 0.031
GB I 1 1 0.4 0.126
GB |1 5 ORHY 1 1 0.4 0.126
' GB 1] 3 3 0.1 0.024
, GB | 2 2 0.3 0.141
GB I 3 3 0.2 0.094
l GB I i 1 0.5 0.196
GB ] DIBR 1 1 0.3 0.071
GB I 1 1 0.4 0.126
l GB ] OEPA 2 2 0.1 0.016
GB |1 1 1 0.3 0.071
| GB |1 6 ORHY 1 1 0.7 0.385
I GB 11 1 1 0.5 0.196
GB I 1 1 0.3 0.071
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FIELD VEGETATION DATA, 1994 ENTRY: KB,DN
DATE: 940920 RECORDER: PC

MILE: 8 READERS: RGR,MK,CT,DS,BB

SIDE ND COMMENTS:

PLOT:

PLOT/
TRANSECT
ND

ND

| SUBPLOT SPP. #IND. #STEMS
|
|
ND |
|
|
I

|l

Il 1 BRRU

Il SAIB

I 2 DIBR
ND [
ND I
ND Il

— e b b= = 00
— e s = 0O

C-14

0.4
0.2
3.0
2.0
0.8
10.5
3.2
1.1
3.5
1.5
3.0
0.3
0.2
0.4
0.2
0.3
0.2
0.1
0.2
0.3

1.0
2.0
3.0
4.0
5.0
0.5
0.1
0.2

B. DIAM.
0.1
0.2
0.6
0.2
0.3
0.4

0.126
0.220
7.069
3.142
0.503
86.590
8.042
0.950
9.621
1.767
7.069
0.353
0.628
0.377
0.031
0.283
0.157
0.024
0.063
0.141
196.000
1110.000
220.000
3.142
18.850
7.069
12.566
19.635
0.589
0.086
0.723

TTL. B.A.
0.063
0.031
0.283
0.031
0.071
0.126




ND 1 STTE 1 1
ND [ SAIB 2 2
ND I CACTUS SDL 1 1
ND [] 3 UDS 1 1
ND H 4 SAIB 2 2
ND I POMO 1 1
ND H UDS 1 1
ND Il CACTUS SDL 1 1
ND [ 5 UDS 1 1
ND (] 6 UDS 1 1
ND ] 1 1
ND [] SAIB 10 10
ND I] CACTUS SP 1 1
ND [] MIRABILIS 1 1
ND (] ASTRAGULU 1 1
ND (] 1 1
ND [] 8 ASTRGULUS 1 1
ND |1 Gp 5 5
ND I UDS 3 3
FIELD VEGETATION DATA, 1994 ENTRY: KB,DN
DATE: 940920 RECORDER: PC,MK
MILE: 8 READERS:
SIDE L COMMENTS:
PLOT: RS
PLOT/
TRANSECT I SUBPLOT SPP. #IND. #STEMS
RS [ 1 U GRASS 10 10
RS ] BRLN 1 1
RS H 4
RS I 1
RS I 1 11
RS I 3
RS |1 1
RS |11 1
RS |11 1
RS I 1
RS | MELIL 1 1
RS I UDS 2 2
RS I ARLU 1 12
RS I STPI 1 1
RS |1 2 ARLU 1 4
RS I 11
RS |1 1 3
RS I 1 11
C-15

0.2
0.1
0.1
0.1
0.1
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.2
0.1
0.1
0.1
0.1
0.1
0.1

B. DIAM.
0.1
0.6
0.4
1.5
1.0
0.8
1.4
1.5
1.2
0.8
0.1
0.1
0.2
0.2
0.4
0.2
0.1
0.2

0.031
0.016
0.002
0.002
0.016
0.031
0.002
0.002
0.008
0.002
0.008
0.020
0.031
0.002
0.008
0.002
0.008
0.039
0.006

TTL. B.A.
0.020
0.283
0.503
1.767
8.639
1.508
1.539
1.767
1.131
0.503
0.008
0.016
0.377
0.031
0.503
0.346
0.024
0.346




RS o BRLN 5 5 0.1 0.010 l
RS I 1 1 1.2 1.131
RS 11 1 0.8 0.503 .
RS |11 7 0.6 1.979
RS H 1 1 0.4 0.126
RS H | 5 0.3 0.353 l
RS il SELO 1 6 0.2 0.188
RS 11 UDS 1 1 0.1 0.002
RS ] BROMUS 4 4 0.1 0.008 l
RS ] 3 GUMI 1 1 0.3 0.071
RS N 2 0.2 0.063
RS 1 ERIGERON 6 6 0.1 0.012 '
RS [ BROMUS 20 20 0.1 0.039
RS 11 4 GUTI 3 3 0.8 1.508
RS I BROMUS 5 5 0.1 0.010 '
RS I UDS 8 8 0.1 0.016
RS I BRLN 1 1 0.2 0.031
RS I ARLU 1 2 0.2 0.063 .
RS I SPFL 1 2 0.3 0.141
RS | 1 0.2 0.031
RS 11 EUPHORB 1 1 0.1 0.002 l
RS 11 ERIGERON 1 1 0.1 0.002
RS I 5 BRLN 1 14 0.2 0.440
RS o 1 1.5 1.767 '
RS I 9 1.0 7.069
RS 11 4 0.6 1.131
RS 11 1 11 0.8 5.529 .
RS I 8 0.5 1.571
RS 11 7 0.2 0.220
RS 11 1 1 0.3 0.071 .
RS 11 3 0.2 0.094
RS I ARLU 1 6 0.2 0.188 '
RS 11 1 1 0.3 0.071
RS 11 1 0.1 0.008
RS I] STPI 1 1 0.1 0.008 '
RS H BROMUS 10 10 0.1 0.020
RS I ERIGERON 3 3 0.1 0.006
RS I CHENOPOD 1 1 0.2 0.031 .
RS I UDS 6 6 0.1 0.012
RS I 6 SPAM 1 1 0.3 0.071
RS N 1 0.2 0.031 '
RS H ARLU 1 5 0.2 0.157
RS I 1 9 0.1 0.071
RS 1 1 2 0.2 0.063 .
RS 1 1 0.1 0.008
RS 11 BROMUS 36 36 0.1 0.071 |
RS 11 BRLN 2 2 0.1 0.016 l
RS |11 1 1 0.3 0.071
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RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS

FIELD VEGETATION DATA, 1994

DYPE
GERANIUM
ERIGERON

7 STTE

BRLN

ARLU
UDS

BRRU
GUMI
8 STTE

ARLU

FAPA
UDS

BRRU
BRLN

Gp
FABACEAE

— e et e N et N e

— e = L RN DN e

e e = Q)

12

o= o= WW

ENTRY:

DATE: 940921 RECORDER: AF,BB,PC,BR,JK,CT

MILE: 21.8 REA