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EXECUTIVE SUMMARY

Small mammal, plant, and aquatic organism distributions or patterhs of
abtmdance were examined with respect to travel systems in three National Park
Service Units in southern Utah from 1990 to 1992. At Canyonlands National
Pafk" we contrasted abundances or distributicm patterns between a. portion -of
Salt Creek Canyon containing a four wheel drive road, another portion lacking
this foad, and the road surface per se. The road appears to have strang
negative effects on species in all three taxa. Same common xeric taxa appear
to do better 1n the presence of the road. At Arches Naticnal Park we
compared an area in Courthouse Wash that contained a hiking trail (also
sa!\etim used by horses), to another area in this wash that has much less
hiking use, ana to the hiking trail per se. Although our sample sizes for
this study are small, the trail appears to influence plant abundances and
distributions. At Natural Bridges National Monument, small mammals, plants,
and aquatic organisms. all appear to be influenced by the hiking trail in
White Canyon. Most species appear to be negatively effected.

Across all three National Park Service Units humen use of travel systems
a'péears to be a{: a. 1®e1 that effécts species distributions and patterns of
abundance. Most species, especially those typically found in the locally"
rare mesic habitats, tend to be negatively effected by use of the travel
sysf:an. Many of the reductions in distribution or abundance are on the order
of 200 percent. Management recommendations and a sampling protocol for. the

future are presented.



INTRODUCTION

Man has occupied the west in large numbers for less than one hundred
years’. Historically, human populations in deserts have been small, however,
: wlth advances in technology (deep. water wells, air and surface
transportatmn, and enhanced food transportation and storage) populat:.on
sizes have gone up tremendously. In addition, the development ff the
Naticnal Park system has also brought additional human visitation pressures
to bear on the desert southwest. Grazing has historically been the main
human impact on desert areas in the lowland west (Busby 1979). With the
large influx of humans into the desert system, other human effects are
becaming inportant (Moss 1980, Knopf et al. 1988, Barinaga 1990, Vitt et al.
1990, Wake 1991, Scott and Seigel 1992).

Man influences wildlife in many ways. These effects can be direct, as
through harvest (hunting, trapping, forestry practices), or indirect (effects
of travel systems, effects of habitat fragmentation, removal of lands from
wildlife usage <mining, agriculture, development of .cities>). These effects
can be either widespread (e.g., acid rain) or more localized (mining,
forestry, agriculture). Many effects can be both. Agriculture, for
example, will coammonly have the local effect of removing habitat from
wildlife, but may also ﬁéve significant runoff effects well removed from the
10@:1 area. Development has had a devastating effect on wildlife and wild
places, with the result that these things are both relatively unconmmon and
localized in the western U.S.. In part as a cmsequer;ce, there has been a
tremendous increase in visitation to National Parks and other protected

lands. Ironically, the increased interest in wild places may well be a major



threat to their very existence.

Increased interests in wild places has a multitude of effects an
wildlife populations. Increased visitation inevitably leads to increased
road 'development to the park, and usuallj to increases in support services
and their attendant development on the margins of the parks.. Both factors
émtfibute to the fractionation and isolation of habitats condixciﬁe to
wildlife populations. While suitable wildlife habitat usually surrounds a
park at its creation, the ensuing development tends to make the extrapark
habitat unsuitable to many typés of wildlife. In addition, increased
visitation usually leads to further development of travel systems (roads and
trails) in the park itself. In part this latter development is an attempt
merely to. accammodate the influx (remove grid lock on the roads) and in part
it may be an attempt'to spread out the pafk visitors - 'eitl;er or both for the
benefit of the wildlife or the visitors.

Use of trails and roads can influence wildlife in two ways. Sessile or
slow species are subject to being squashed or harvested, either during
construction of the travgl system or later when it is being used. Plants and
amphibians. have probai:ly been especially effected by this aspect of roads or
trails. More mobile species, I:’;.ke birds or mammals, are more likely
influenced by the disturbance asscciated with human use of trails or roads
(Gilliam and Fraser 1987). The disturbance may increase time spent watching
for ."predafors" including humans, at the cost of decreased time spent
foraging. This can be an especially severe problem during the winter when
organisms may need to feed almost constantly to survive (Ricklefs 1990). In
the extreme, the disturbance may cause same man-shy species to entirely give

up the habitat near the road. In cases like this, the.road becomes a barrier



further fragmenting and subdividing wildlife populations in the park.

In this report we concentrate on these last types of human effects on
wildlife. We examine the effect of man's travel systems in three canyons in
Natidnal Parks or Monuments in southern Utah. We contrast wildlife
populations above and below Bates Wilson Campground which marks the upper end
of a'f'our wheel drive road, to assess the effect of the road on wildlife '
populations in Canyonlands Ngtional Park. At Arches National Park we
contrast wildlife populations in Courthouse Wash above and below the road
crossing near "The Wall" to assess the effect on wildlife of heavy hiking
trail and pack animal trail usage in the canyon bottam be}ow the road
crossing. Finally, at Natural Bridges National Monument we examined wildlife
populations in White Canycn above and below Sipapu Bridge to assess the
effect of heavy hiking trail use on wildlife populaticns. our objectives
with these comparisons is first to determine if wildlife populations differ
in different areas of these canyons, and second to attempt to assess the
influence of man's travel systems on these populations.

Over the last three years we have examined the distributions and
 abundances. of fouf- ta.xa across three National Park umits. In 1990 and 1991
we locked at plants, small mammals, aguatic organisms, and birds in
Canyonlands Naticmal Park. In 1990, 1991, and 1992 we examined plants, small
marmmals, aquatics, and birds in Natural Bridges Naticnal Monument. Finally,
in 1992 werstudied plants, and small mammals at Arches National Park.

We review our results for each site in a separate report for that site
and include management recommendations for each Park Service umit. The
sampling approach outlined in the Future Sampling Protocol section of the

Arches Nétional Park Report is applicable to all three sites.



ABSTRACT FOR CANYONLANDS NATIONAL PARK

,In 1990 and 1991 we examined plants, small mammals, and aquatic
organisms in Canyonlands National Park. Our approach was to lt;aok for
differences in abundances or distributions of these taxa b‘etwee:n'sxinsetsh.o'f a
canyon with different patterns of human usage.

We conpared the flora and fauna upstream and downstream of Bates Wilson
Campground which is located at the upper end of a four-wheel drive road in
Salt Creek Canyon. Plant surveys in 1990 (330 1 m sq plots) and 1991 (440 1
m sq plots) yielded very similar results, implying that our results probably
hold over the whole canyon. Several plant species d.;lffered in coverage or in
frequency of occurrence between the three treatments:. the area containing
the road, the area lacking the road, or the road surface per se. Total plant
coverage was greater (146 % in 1990, 187 % in 1991) in the canyon bottom
laéking the road relative to the canyon bottom containing the road. The
canyon bottom containing the road did, however, have greater coverage than
the road surface per se (293 % in 1990, 572 % in 1991). The road surf:a..ce'was
1arge1y devoid of vegetation. ' ' ‘

Plant vplumes were exanﬁ.rhxed‘above eacl; 1l m‘sq plot from the ground to a
_height of 0.5 m, from 0.5 - 1.0 m, from 1.0 - 3.0 m and above 3 m to see
whether the vertical complexity of the habitat differed across our three
treatments. In both years, canyon bottoms lacking the road had greater plant
volume (at all four height increments) than the canyon bottom containing the
road. Again, in both years canyon bottom containing the road had greater
plant volumes (at all four heights) than the road surface per se. Our

results imply that the canyon bottom lacking the road has greater structural
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corplexity and greater plant coverage than the canyon bottom containing the
road, which is iﬂ turn more carplex and denser than the road surface per se.

Data on coverages were collected on individual species (or species
groupls where identification was problematic). The results for species were
then pooled into four ecological groups representing total grass coverage,
tofal herb coverage, total shrub coverage, and total tree coverage. In both
years, total grass coverage was greatest in thé canyon bottam containing the
road, lower in the canyon bottam lacking the road, and lowest in the road
‘right of way per se. In both years, total .herb coverage was greater in the
canyon bottom with the road than the road right of way. In.both years there
was no difference in herb coverage between the caniron bottom with the road
and the canyon bottom without the road. Total shrub coverage did not differ
between canyon bottom lacking or containing the road in 1990, however, in
1991 canyon bottom lacking the road had greater total shrub coverage. The
canyon bottom containing the road had greater total shrub coverage than the
road right of way in both years. In both years, total tree coverage was
greater in the canyon bottom lacking the road relative to the canyon bottom
containing the road, which in tum had greater coverage than the road right
of way'.per se. ﬁesults for individual spécies are too numerous to n\er;tion '
here, instga'd we summarize the overall patterns. In 1990, 14 species were
abundant enough in samples tp be analyzed. Of these 14, seven showed
sigl:xificant differences in coverage across canyon bottom containing or
lacking the road. Four species h;d greater coverages in areas with the road,
while three had greater coverages in areas lacking the road. In 1991, 24
species were encountered often enough to merit analysis. Of these 24, 8

species exhibited no pattern across the canyon bottams with or without the
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road, while eight had higher coverages in canyon bottom containing the road,
and eight had higher coverages in areas that lacked the road. In 1990, 6 of
14 species examined had greater coverage in the canyon bottom containing the
rqad’relative to the road right of way per se. In 1991 7 of 24 species
exhibited the same pattern.

Frequency of occurrence in the 1 m sq sample plots: was .ccmlpar'ed ééross
the three treatments for both the ecological plant groupings and for the
individual species. In 1990, 7 of 11 species exhibited differences in
ffequency of occurrence in plots across the areas containing or lacking the
road. Of these 7, 5 species were more frequently encountered in the area
containing the road, while 2 were more frequently encountered in the area
lacking the.road. Twenty-one of 24 species examined showed differences in
-distributions in 1991. Ten 'species wére more frequently encountered in
canyon bottam wi'ghout thg road, while 11 were more frequently observed in
canyon bottam containing the road. In 1990, 7 of 11 species were more
commonly encountered in the canyon bottom containing the road relative to the
road right of way per se. In 1991, 7 of 24 species exhibited the same
' pattern.' In neither year t}ere any species more freq_uently encountered in' the
road right of way relative to the canjon bottaom containing the road. |

In 1990, grasses were more abundant in the area containing the road, and
trees were more abundant in the area that lacked the road. Shrubs and.he‘rbs
were more abundant in the area next to the road relative to‘the road right 6£
way per se. In 1991, trees, herbs, and shrubs were more frequently '
encountered in canyon bottom lacking the road relative to the canyon bottom
containing the road. Grasses as a group were more frequently encountered in

the canyon bottom containing the road relative to the canyon bottom lacking
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the road. All types of ecological plant groupings, except herbs, were more
frequently encountered in the canyon bottom containing the road relative to
the road right of way per se.

iquatic organisms were examined in three ways: corparisons of visual
surveys, and frequency analyses of presence or absence' in pool's or in dip net
sweeps. Results differed samewhat across these analyses, most likely
reflecting our ability to sample different taxa with visué.l.surveys or with
nets. 1In 1990, whirligigs, horse hair womms, damselflies and notonectids
were more commonly encountered or had higher densities in pools in the area
lacking a road, whereas, toad tadpoles were more cammonly encountered in
sweeps in the area containing the road. Visual " counts of number of
1nd1v1duals per species per pool revealed no differences in 1991 between
' pools located in an area conta:.mng a road or an area lacking a rocad. In
contrast in 1991, analysis of frequency of occurrence in pools revealed that
hydroph:.hd larvae (beetles) occupied fewer pools in the canyon bottaom
lacking a road. Notonectids, brown damselflies, and snails were less
frequently encountered in sweeps in pools in an area containing the road
' relative to an area lackmg the road in 1991.

" Experimental cages placed below road crossings collected and held
significantly more sand than cages placed above the road crossing, implying
that the road crossing was increasing sand flow in the stream, and increasing
sané. infiltration into the interstices in the rock cobble. This increaséd
siltation may have serious negative consequences for aquatic organisus.'
Experimental cages that had their rock interstices packed with sand,
contained fewer toad tadpoles, fewer damselfly larvae, fewer total species,

and fewer total individ{:als relative to similar adjoining cages that did not



9
have their interstices packed with sand. Taken together these two sets of
results offer a causal mechanism to explain why the road appears to influence
the distribution and abundances of stream organisms in Salt Creek Canyon.

'small mammals were trapped at four grids in an area lackin.g a road and
in four grids in an area éontaining a road in 1990. Eight new grids were
trapped in these areas in 1991. 1In 1990, similar total numbers of mice Qere
captured in both treatments. Reithrodontomys megalotis and Neotoma mexicana
(harvest mice and Mexican woodrats) had lower densities in the area
containing the road relative to the area lacking a road. In 1991,
approximately 3 times as many small marmals were caught in the area lacking
the road as in the area containing the road. Small mammals avoided traps in
the road right of way in both years.. Peromyscus crinitus (Canyon mice), B.
mniculatus (Deer mice), Neotona mexicana and N. cinereus (Bushy tailed
woodrats) were more abundant in the canyon bottom lacking the road, while B.
truei (Pinon mouse) was more abundant in the area containing the road.

Our results suggest that small mammals, aquatic organisms, and
terrestrial plants experience the areas up and downstream of Bates Wilsan
Campground at Canycmlapds National 'Park as.narkedly different environments.
Some species have higher coverage or greater dénsities in the area near the.
road, others in the area 1ackin§ the road. The road‘ right of way appears to
be a harsh environment for plants, aguatic organisms and small mammals. The

manégenent implications of these results are discussed in detail.
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INTRODUCTION

This project was designed to examine how a four-wheel drive road that
ran Up Salt Creek Canyon could influence the plants, or animals that live in
tha.s canyon. We are interested in-both the direct effects of the road, and
on effects of man's usage of this travel system that may extend beyond the
road surface per se. Many of the species that we have examined do not have
common names. We use common names where ever possible, and list all species
that we encountered in Bppendix 1. There we comment on species names, and on
our degree of confidence in our identifications.

We contrasted the densities, or some measure of frequency of occurrence
of our focal taxa between an area which contained a four wheel drive road
(hereafter trt 2) to an area immediately upstream that lacked the road (trt
1). In addition, for our plant and small mammal trapping we were able to
look at a third treatment type - the road surface per se (trt 3).

We have performed no manipulations and our compariscns always came from
a single canyon. Thus our results could be pecuhar to the pafticula; canyon
we studied, or our results could be due to undetected factors other than
" presence of the road. In our aﬂalyses we assure that any differences that t;e
" detect are due to the treatment effect (= presence of the road). We discuss
the reasonableness of this assutption at the end of the report on our

Canfronland studies.
STUDY AREA

Our study area was in Salt Creek Canyon at Canyonlands National Park.
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We coﬁcentrated our efforts for approximately 5 km up and downstreain of Bates
Wilson Campground which is located at the upper end of a four-wheel drive
road in Salt Creek Canyon. BAquatic surveys covered this whole 10 km stretch,
while' piants and small mammais were sampled at evenly spaced intervals across
thg 10 kms.

'METHODS -
At Canyonlands we examined man's potential impact on the flora by

looking at plant coverage in 1 m sq quadrats. In 1990, we examined the
-plants in foﬁr areas where a four-wheel-drive road went through the canyon
bottom (here after referred to as a downstream site, or treatment 2), in four
areas in the road per se (here after the road per se or treatment 3), and in
four areas in a section lacking a road, immediately upstream of the roaded
section (here after called the nonroaded section or treatment 1). The plant
quadrats were located in grids. Upstream grids consisted of 50 1 m sq
quadrats. These were located in 10 rows of 5 quadrats each, located
perpendicular to the stream chammel. The rows ran from the high water mark
away from the stream for 25 m. Rows were located 50 m apart. Ten quadrats
" per grid were located in the areé fram 0 to 5 m fram the high water mark, iO
from 6 to 10 m, 10 frcm 11 to 15 m, 10 from 16 to 20 m and 10 from 21 to 25
m. Thus within 500 m of canyon bottom we had 50 quadrats. The downstream'
gridé were similar except that in addition to the 50 quadrats (representing
treatment 2), we also had 10 quadrats placed in thé road right of way
(representing trt 3). These quadrats were added to the end of each of the 10
rows per grid. Each grid was located within a 600 m long bird transect.

Thus the 8 plant grids were arranged along 4.8 km of canyon bottom. We
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spread the quadrats out like this because the vegetation in Salt Creek was
very heterogenous and we wanted to sample a broad erea to capture this
heterogeneity. Eight additional grids were sampled in 1991, four immediately
upstleam (trt 1) or four downstream (trts 2 and 3) of those sampled in 1990.

In each plant quadrat we recorded the total coverage for each species
pres'ent. Finally, because the ver'eical camplexity of the vegetaiion can -
influence the nature of the fawna that occupies an area (Yahner 1986, Knopf
et al . 1988) v;:e estimated the volume that the plant canopy occupied by '
estimating the percentage of volume occupied in a hypothetical cube extending
in four layers above each 1 m sq quadrat (0 - 0.5m, 0.5 -1.0m, 1.0.- 3.0
m, > 3.0 m).

_ For data analysis we first examined the frequency of occurrence of each
species in quadrats. We deleted from consideration any species that did not
ocour in at least 10 percent of the quadrats for any one treatment. These
species are relatively rare in our quadrats and thus our ability to compare
their abundances is poor. In general we compared results across three
treatments (trt 1 area without road, trt 2 area with road, trt 3 samples
collected from the road per se). we used chi square tésts to test for
differences in frequency of occurrence of species, and nonparametric analysis
of variance tests to test for differences in plant coverage. We also
compared coverages between trt 1 and trt 2, and between trt 2 and trt 3.
These are the most conservative camparisons poss:Lble. We subdivided the
qve;all chi square tests to make the same comparisons among treatments for
frequency of occurrence.

In addition to the data for inpdividual species we also examined

coverages for broad ecological plant groupings (trees, shrubs, grasses, and



13
herbs). We also pooled the coverages for these groups and tested for
differences in total plant coverage across treatments. Wg used Kruskal-
Wallis nonparametric analysis of variance tests to compare the volume the
vegefation occupied in a hypothetical cube located at four heights above each
plant quadx.;at. Volume occupied by 'plants was scored: in one of four classes:
1 = 0 - 25%,.2 = 26 - 50%, 3 = 51 - 75%, 4 = 76 - 100%.. Finally., in 1990, we
also compared the number of species observed in each of our plant height

zones ‘with Krﬁskal-Wal lis or Mann-Whitney U tests.
Small Mammal Sampling

~In 1990, small mammals were live trapped at four grids in the canyon
bottom containind a road (trt 2), and four grids in the canyon bottom
upstream that lacked a road (trt 1). Each grid contained 70 traps arranged
in 5 rows of 14 traps each. Each mammal grid was located within a plant
grid. In the mammal grids along the roaded canyon bottom the central row of
‘traps was run up the road surface. Each grid was trapped on 4 ‘succéssive
nights. In 1990, all eight grids 'erre trapped over a 12 day period in
September. In 1991, 8 additional grids located in the new plant grids were
trapped. These grids were trapped over 17 days in late July and early
August. o

" Our initial plan was to use mark-recapture techniques to estimate
population siges for the more abundant species. Trap mortality was high in
1990, causing mark-recapture estimators to yield sizeable mderéStinates of
the actual number of individuals t_:apture&, consequently we have used the

total number of individuals caught per species per grid as our best estimate
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of population sizes in both years. We made comparisons of the total number
of individuals of each species, the total number of speéies, and the total
mnﬁnber of individuals caught, between treatments 1 and 2 with Mann-Whitney U
or t’tests. Finally, we usedraj chi square test to cvatpare the frequency of
trap usage of traps placed in the road per se to usage :Ln traps in the grids

{:hat 'sﬁrrounded the road.
Bird Sampli

Birds were counted along 600-m long Emlen transects in 1990 (Emlen
1977). This work yielded estimates of bird densities that were just too
small to allow conparisons. As a consequence we discontinued bird censuses
i 1991, and will discuss the bird work no further in this report. Species
observed over the course of the study are listed in Appendix 1.

Aquatic Animal Sempli

To sanple aquatié animals we walked around the pools making visual -
comnts of number of individuals -per species. After this, we made 1 m long
dip net sweeps through each pool and recorded number of individuals per
sweep. Finally, we measured pool surface area and pool depth.

" We analyzed the results for any species present in greater than 10 % of
the samples. We compared the pool surface area, pool depth, number of
species, number of individuals, or number of individuals per species cbserved
in visual sﬁrveys in each pool between treatments with a t or Mann-Whitney U

tests. We campared the frequency of occurrence of individual species in
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pools or in net sweeps across treatments with chi square tests.

H

In 1991, we placed 72, 30 x 30 cm wire screen enclosures into Salt Creek
to ask how the road might influence sand movement in the streafn, and stream
use by aquatic organisms. To this end, we located four places where the
four-wheel drive road crossed the stream and had water apbroxinately 30 to 40
cm deep both above and below the road crossing. At these sites we loaded 12
cages with small rocks (2 - 8 cm in diameter) and placed them in 6 rows of
two cages each in the water. Six cages were located above the road crossing
and six below the crossing. In .each row we chose a random cage and filled
the interstices between the rock cobble m.th natural sand fran the bank.
Thus at these sites downstream of Bates Wilson Campground, we have sets of
cages above and below the road crossing, and half of all cages contain sand
(represeﬁting silted in areas) and half have nonsilted rock cobble. Above
Bates Wilson campground (above the end of the road) we located four
additional .sites that had stream areas with water 30 to 40 cm deep and -
appeared similar to the déwnstréam sites. At each of these areas we placed
six cages, half with rock cobble cnly, half with rock cobble and sand.

The cages were placed in the stream on 17 May and removed on 2 June
199]:. At that time we measured the quantity of sand present in each cage,
and collected for later counting and identification all organisms that had
colonized each cage. The effects of two variables were being examined in
this experiment: amount of sand present between rocks, and location of the

cage in the stream. We made comparisons of amount of sand in each cage at
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the end of the experiment, the muber of individuals of abundant species, the
total number of individuals present and the total number of species present
per cage. Our comparisons were made either between cage location
(imrédiately above vs immediately below a road crossing vs above the upper
end of the road) or between lévels of sand (nq, sand added at the beginning vs
rdck interstices filled with sand at the beginning of the experiment). We
used ANOVAs and contrast analysis (Rosenthal and Rosnow 1985), Kruskal-

Wallis, or Mann-Whitney U tests to make these camparisons.

Repeatedly we make .comparisons of many species across treatments, to ask
if there are tiréatnent effects on individual species. A technical problem
with this approach is that due to the large number of statistical tests e
are at risk to rejecting the null hypothesis solely due to chance effects.
This means that in some cases we could attribute observed differences to the
presence of the road, when in fact the differences are really due to chance
effects of sampling. In the typi'cal_ biplogical. application we set the |
critiéal p value"at p = 0.05, which‘means f.hat there is a 5 % probability
that the results will be due to chance alcne. The problem when making
multiple comparisons is that we would expect to get some (statistically)
significant results due to chance alone. " For example if you compared the
coverage of 100 plant species across two treatments at the p = 0.05 level, we
would expect to see 5 (statistically) significant results due to chance
effects alone. In the 1990 annual report we reviewed ways to handle this

problem. For this final report we recommend the following way to interpret
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the data. Use the p = 0.05 level to denote significance when looking- for
overall patterms across treatments (i.e., 11 of 24 species exhibited a
pattern of difference across treatments), and use Bonferroni's adjustment
when ’you want to look at (statistical) significance of results for individual
species. To obtain the critical p value for testing significance using - -
Bor:xferroni's adjustment you simply divide p = 0.05 by the numnber of tests you
are making of a specific hypothesis. BAs an example if we contrast the
coverage of 10 plant species across treatments 1 and 2 then the critical p
value- for each species becomes 0.05/10 = 0;005. Any species with a p value
less than or equal to 0.005 could be regarded as demonstrating a significant
effect of the treatment. Note that this is a conservative approach, that
is, with this approach same species may be regardéd as not exhibiting a
signif’icant difference across treatments when in fact that they do. We have
indicated which comparisons should be regarded as statistically significant

(following the Bonferroni procedure) in the tables accompanying the text.

RESULTS

1990 .

‘ Thirty-five to 50 plant species were observed on each plant grid. In
Appendix 1 we list each species mm comments on our confidence of its
identification. Most species were rarely encountered, scme only in a
vegetative state. Eleven species were abundant enough to merit analysis

(Table 1, Fig. 1). Examination of the distributions of these species across
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quadrats across treatments reveals that 10 of 11 of these species were not
distributed evenly across treatments (Table 1, Fig. 1). Subdividing these
chi square tests we see that there were differences in distributions across
treaﬁrents 1 and 2 for 7 of 11 species. In a similar manner 7 of 8 times
(three species were not abundant endugh to meet the requir_ement; of this
analysis) there were differences in sﬁecies distributions bé‘t;wedl tfeatnénts
2 and 3. Differences in plant distribution between the road surface per se
and the canyon bottom containing the road were always in the direction of the
road surface having fewer plants. Differences in plant distributions between
the canyon bottom areas with or without roads went in both directions (Table
1, Fig. 1). Prickly pear cactus, Globe mallow, dropseeé., Indian rice grass,
and four wing saltbush were more frequently encountered in the canyon bottom
with the road than in the canych bottom laéking the road. Conversely,
cottonwood and Tamarisk were more frequently encountered in the area lacking
the road. The number of species found in the four vegetative height zones
differed between treatments (Table 2), with the road right of way
consistently containing the fewest species. Similarly, the total number of
species per quadrat also d;lffer'ed between treatments (Table 2), with the road
right of way cantaining 'the fewest species and canyon bottam containing or
lacking the road not differing in number of species per quadrat.

Plant coverages were analyzed for 14 species. Coverages for individual
,speéies differed between treatments 7 of 14 times (Table 3; Fig. 2). Six |
species differed in coverages between treatments ‘1 and 2. Only three species'
differed in coverages between treatments 2 and 3. This low number may be a
function of the relatively small sanple size for treatment 3 (30 quadrats). _

Coverages of varioué ecological plant groups commonly differed between



19
treatments (Table 4, Fig. 3). Total grass, total herbs, total shrub and
total tree coverages all differed among treatments. Total grass coverage was
higher in the area with the road, whereas total tree coverage was higher in
the area lacking a road. Total herbs and total shrub coverage differed
between the canyon bottom in-the area with the road and the .road surface area
per se, with both having. lower coveragés in the road right of .way'. "I‘otal.
plant coverage also differed between all three treatments, treatment 1 and
treatment 2, and between treatments 2 and 3 (Table 4, Fig. 3). Coverage was
highest in treatment 1, next highest in treatment 2, and lowest in treatment
3. Total coverage almost always differed between treatments in the different

plant height zones (Table 4, Fig. 3).
- 1991

Plant distribution in quadrats differed across treatments for 21 of 24
species examined (Table 5, Fig. 4). BAbout half of these species were more
frequently encountered in the area containing the road, the other half more
' frequenf.ly in the area lacking the road (Table 5, Fig. 4). Seven of 21
species were more camunly encountered in the area with the road relative 'to
the road right of way per se (Table 5, Fig. 4). .Plant volume was greatest
(at all four height zones) in the canyon bottom lacking the road, next
greaitest in the canyon bottam containing the road, and lowest in the road
right of way (Table 6).

'Plant coverages were analyzed for 24 species in 1991. Of ‘these 24,

eight had greater coverage in the area containing the road (Qenothera

Baum ’ Mmm m ’ Hmm : m‘ i i ’ w
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qrossulariaefolia, Muhlenbergia aspera, Distichlis spicata, Sporobolis spp,
Stipa hymenoides), and eight greater coverage in the area lacking the road

(Populus fremonti, Artemisia campestris, Salix exiqua, S. lutea, Castilleija
linar ,'iigolig, Melolotis alba, Clematis linqusticifolia, Agrostis alba; Table
7, Fig. 5). Seven of 24 spécies (Tamarix ramosissime’, Chrysothamus .
pauseosus, Castilleja, Q. pallida, Muhlenbergia, Sporcbolis, Stipa

hymenoides) had greater coverages in the canyon bottom containing the road
than in the road right of way per se. We believe that we correctly
jdentified all individuals of Muhlenbergii and Distichlis, however, because
they are quite‘similar, we also analyzed results for both species pooled into
one category (see Table 5).

In 1991, total 'grass coverage was'greatst in the canyon bottom
containing the road, lower in the canyon bottom lacking the ‘road, and lowest
in the road right of way (Table 8, Fig. 6). Total tree coverage was greatest
in the area lacking the road, next greatést in the area with the road, and
lowest in the road right of way (Table 8, Fig. 6). Total herb coverage did
not differ between canyon bottom lacking or conta;.nmg the road, but canyon
bottom containing the road did have greater'herb coverage- than the road right
of way (Table 8, Fig. 6). Total shrub coverage was greater in the area |
lacking the road than in the aréa containing the road, and was greater in the
area containing the road than in the road right of way per se. Total plant
covérage was greater in the canyon bottom lacking the road than in the area
with the road, which in turn had greater total coverage than the road right

of way per se (Table 8, Fig. 6).

Small Mammal Sampling
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1990

'Five to seven species were captured on each grid (Table 9). There was
no difference in the number .of species per grid (t = 1.6, 6 d.£., p = 0.17)
or the number of individuals caught per grid (t = 0.7, 6 d.f., p = 0.49)
between the area containing the road and the area lacking a road. Most
species were captured both in the traps near the road and in the traps in the
road per se. Mexican wood rats and canyon mice were exceptions in that they
were never caught in the road per se. Traps located in the road captured
only 35 percent of the rodents that one would expect given their frequency in
the trap grid (observed and expected values calculated per trap grid, X2 =
21.4, 3 d.f., p < 0.001). |

The total number of individuals per species that were caught did not
differ between treatments 1 and 2 for most species (Table 9). Western
harvest mice and Mexican wood rats were notable exceptions; both were much
more abundant in the area lacking a road.

1991

Five to seven species were captured in each grid. Approximately three
times as many mice were caught per grid in the area lécking a road relative
to the area containing a road (Table 10). BAll species exéept W
truei (pinon mouse) were captured in the road. Traps located in the road
were avoided by small mammals as these traps accounted of only 4.95% of

captures (5/101 mice) but represented 20% of the traps that were set (chi l
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square = 15.9, 1 d.£., p < 0.001). The total nuwber of individuals caught
per species differed between trap grids located in canyon bottom containing

or lacking the road for five of the ten species examined (Table 10).
)

Aquatic.Animal Sampling .
1930

Two aquatic surveys were performed at Canyonlands. The first, in June
included only a visual survey, the second in July included both a visual and
sweep net sampling. Fifteen species were observed :Ln June while only 11
appeared in our samples in July. Three species were amphibians (toad
tadpoles, Woodhouse's toad juveniles or adults, red spotted toad juveniles,
and Great Basin spadefoot toad tadpoles); most of the remaining species were
insects. In the June sample there was a surprisingly high density of

predatory insects in the pools. Snails were also sometimes very abundant.

Visual survey results:
Seven species were present ':i.n greater than 10 percent of the pools in

June and thus subjécted to analysis. Of these severi, only damselfly larval
densities approached statistical significance (Table 11). Chi swﬁre |
anafyses of distribution patterns across pools revealed that while whirligigs
were more fregquently observed in pools in an area iacking a road relative to
the area with the road (X2 = 4.5, 1 4.£, p < 0.05) there were no detectable
differences for Horse hair worms (X2 = 0.041, 1 d.£., p > 0.90), beetles (X2
. =0.008, 1 d.f., p > 0.90) or toad tadpoles (X2 = 0.041, 1 d.f., p > 0.90).
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Pool &epth data were not recorded for this data set and thus could not be
campared across treatments. Neither pool surface area, number of species
observed per pool, and nuwber of individuals observed per pool, differed
betwebn treatments (Table 11).

In July, 8 species were abundant enough for an.alys:.s of number of
individuals per species cbserved in the pools:. Of these eight, only. horse
hair worms differed in abundance between pools (Table 12). Chi square
analyses revéaled that there were no detectable differences in species
distributions across pools in the two treatments (whirligigs X2 = 0.62, 1
d.f., p > 0.90; snails X2 = 1.89, 1 d.£., p > 0.25; toad tadpoles X2 = 0.10,
1 d.£., p > 0.90). There were no differences in poorl depth, pool surface
area or number of individuals seen per pool; there were, however, more
species seen in pools in the area lacking a road relative to the area

containing a road (Table 12).

Sweep survey results:

Sweep surveys were performed only for the July sampling period.
Relative abundances per sweep were corpared across treatments for six
' species. Darrselfly larvae were more abundant in the area lacking the road
relative to the area containing the road (Table 13), all other species
exhibited no pattern. Chi square tests revealed that several species did ‘
differ inl the relative frequency of occurrences in sweeps across treatments
(notonectids X2 = 10.62, 1 d.f., p < 0.001; damselflies X2 = 9.97, 1 d.f., p
< 0.001;: toad tadpoles X2 = 4.17, 1 d.f., p < 0.05; whirligigs X2 = 0.17, 1
d.f., p > 0.90; water striders X2 = 1.23, 1 d.f., p > 0.50). Toad tadpoles

were more frequently encountered in sweeps in pools where the road was
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present, while damselflies and notonectids were more prevalent in pools in
the area lacking the road. The number of species captured in the sweeps did
not differ between treatment 1 (3.2 + 0.5) and treatment 2 (2.8 + 0.3; t =

0.81) p = 0.42).
1991

i\quatic 'organisms were sampled in 15 pools in the area containing the
road, and in 15 pools in an area lacking the road. This was a relatively dry
year and the pt.;ools were widely scattered in mid July when the sample.was
collected. None of the five species examined for the visual survey differed
:i.n. abundance across the two treatments (Table 14). Further, neither total
nurber of individuals per pool, or total number of species per pool differed
between the two treatments. Hydrophild larvae (a predacious beetle larvae)
were found more frequently in pools in the area with the road relative to the
area lacking the road (Table 15). Notonectids, brown damselfly larvae, and
' snails were more frequently encountered in sweeps in the area lacking the

road relative to the area containii}g the road (Table 16).-
Cage results

. Sand levels varied across locations (F = 4.29, 2, 66 d.£., p = 0.018)
and across sand-level treatments (F = 16.4, 1, 66 d.f., p < 0.0001, Table .
17, Fig. 7). Sand levels in cages below the road crossings were 'ccmsideralﬂy
higher than sand levels from cages above the road crossing, (F = 6.26, 1, 66

d.f., p = 0.015) inplying that the road crossing was increaéing downstream
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sand flow and filling the interstices in the rock cobble. Interestingly,
sand volumes in cages above the end of the road were indistinguishable from
sand volumes in cages above road crossings (F = 0.12, 1, 66 d.£., p = 0.915).

dbresence of sand in the rock interstices had strong effects on
colonization of the cages. Cages. that received added sand at the l;eginning
of-the experiment had fewer toad tadpoles (0.14 + 0.008.vs 0.95 + 0.34), -
fewer damselfly larvae (0.03 + 0.03 vs 0.31 + 0.13), fewer total individuals
(0.39 + 0.16 vs 1.92 + 0.40), and fewer species (0.33 + 0.13 vs 1.06 + 0.17)
relative to cages that did not receive added sand at the beginning of the
experiment (Tabie 17). Location. of the cage also had an effect on
colonization. Damselfly larvae were more likely to colonize cages upstream

of the road crossing (0.29 + 0.14) than below it (0.0 + 0.0, Table 17).
Camputer disks
We have included. copies of the systat data files on computer disks. In
addition we have included a paper copy and a disk file copy of "tcont" which

is a table of contents for the computer di_s.k files. “Tcont" is attached as
Apéendix 4 at the end of the repei:t.

DISCUSSION AND CONCLUSICNS

Plants were relatively easy to sample, and large sample sizes could be

accumlated over a reascnable amvunt of time. Our plant samples appear to be
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repeatable from year to year. Plants are fixed in space and thus susceptible
to man's effects all year. These factors suggest plants are an ideal group
for our study. Our results are pretty consistent from 1990 to 1991. The
major' difference in 1991 was an increase in total coverage and an increase in
shrub ‘coverage. - Much of the 1991 sanple in trt 1 came from areas with dense
ﬁilléﬁ stands which contributed greatly to these'pattei:ns. Thése ‘areas are
common in the area above the four wheel drive road.

In desert systems, streams are typically associated with more mesic
types of vegetation, but these species typically océupy a very narrow band
along the stream, usually less than 10 m wide. . Farther than this from the
stream we return to natural desert vegetation typical of that geographic
region. In the Salt Creek Area the desert vegetation is daminated by shrubs:
big sagebrush, 4-winged saltbush, rubber r'abbit brush, and 'grasses: Indian
rice grass, dropseed, and needle and thread grass. The more mesic plants
associated with the stream are trees: cottonwood and tamarix, herbs: white
clover, sedges, and horsetails, and shrubs: primarily willows. Our
subjective impression (we have no measurements of width of the riparian
zone) is that this zone is very narrow and commonly broken in' the area along
the road, while it is very m‘.de-(in places over 100 m wide) and forms a
continuous linear band in the canyon bottom above the road. Our data do
reveal that the area lacking the road has greater coverage and grater plant
volumes at all height zones examined (Tables 2,4,6,8).

We examined plant coverage and frequency of occurrence of plants in the
1 m sq quadrats. Both of these metrics are measures of the abundance or
prevalence of species in an area. Two important points come from these

analyses. The firét is that the plants treat the threg treatments as
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different environments. All species for which differences were observed had
lower coverages or lower frequencies of occurrence in the road right of way.
This suggests that the road is having a negative effect on plants. This is
not s{xrprising, and is probably due to direct physical damage, and shading
‘due to dust accumulation on leaf surfaces. Across years, about half of the
species did better in the area with the road and' the other half did better in
the area lacking the road, again suggesting that these species experience
the treatments as different. The second important point to draw from these
results is that species that do better in the area lacking the road tend to
be more mesic species, while those that do better in the area containing the
road tend to be typical desert species (Tables 1,3,5,7). This has important
management implications, in that it implies that the four-wheel drive road
is favoring desert species at the expense .of the more mes:Lc species. Our |
subjective impression is that the mesic species are locally rare in the
Canyonlands area relative to the typical desert species. This means that
while the road favors some and disfavors other species, its most important
effect appears to be to restrict the more mesic species, a locally rare
resource. .

The results of the aéuatic-surveys' shift more from sampling date to
sampling date than those for the other taxa we have examined. This probably
reflects the seasonal nature of many of these species which have aquatic
.lar\;ae but terrestrial adults. There are, however, some overall patterns to
species distributions. We again used both counts and frequency analyses to
give us estimates of abundance. Notcnectids, whirligigs, damselflies, horse
hair worms, and snails were more abundant in the pools in the canyon bottom

lacking a road, whereas toad tadpoles and hydrophilid beetle larvae were more
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abundant in pools in the area containing the road. We would speculafe‘ that
disturbance by veﬁicles may be important to the notonectids and whirligigs
which live and feed on the pool surface. Increased siltation associated with
the foad (see results of cage experiment) may explain the distribution of
_ snails. Horse hair worms are parasites of large ungulates (most likely mule
deei' in this area) and we would speculate that deer distribution ﬁay explain
their bias towards the nonroaded area.

The most striking results from our aquatic work is that the aquatic
organisms see the areas above and along thev four-wheel drive road as
different environments. It appears that somehow the road changes the
characteristic of the stream environment. Our cage experiment suggests that
~ one aspect of this changg may relate to increased sand flow and greater sand
infiltration in the rock cobble interstices.

The distribution of small mammals across treatments suggeéts that these
taxa experience the treatments as different environments. Similar to the
plant results, it appears that more mesic (or at least locally rarer) species
do better in the absence of the road, whereas species typical of the desert
do better in the presence of the r’oa@. _

Direct examination of the effect of the road indicates that rodents
avoid the road per se. It is well documented that small mammals avoid open
areas and this probably accounts for the low capture rate of traps placed in

the.road right of way.
Management Implications for Canyonlands

A strong case can be made that plants, aquatic organisms and small
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mammals experience the areas above and below Bates Wilson Campground as
markedly differerit enviranments. The differences in their distributions also
will make the environments above and below Bates Wilson Campground very
different for taxa that feed on these species. It is also clear for both
plants and the small mammals that species that do better in the environment
ab.bve Bates Wilson are species that are uncommon in the greater Canyonlands
area. Species that do better below Bates Wilson tend to be typical desert
species and tend to be widespread in the greater Canyonlands area. From
these results it follows that the area aboire Bates Wilson should receive
special menagement consideration and should be protected to some degree. At
a minimum this means that there be no extension of the road into this area.
At the other extreme it may mean that management actions like closing or
shortening the fou:-wheel drive road might be errployéd to further isolate the
area above Bates Wilson.

Whether the differences above and below Bates Wilson are due to the road
is difficult to ascertain. The fact that we examined only one canyon and
that the road was present before our study began means that we cannot
definitively assign the cause of'di_ffergnées in distributions of.species to
the road. On the other hand, the sharp chénges in the nature of flora and
fauna in association with the end of the road, and the lack of obvious
biological causes to this change, strongly imply that the road may play a
mjc;r role. Our cage experiment also implicates the road as an important
factor, at least with respect to 'the aquatic species. The reduced capture
rate of small mammals in traps placed in the road, and the low plant coverage
values in the road argue that the road can have negative effects on these

taxa.
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Isolated pockets or refugia of the mesic habitat common above Bates
Wilson, can be found along the stream all the way down to Peek-a-boo
Campground. Whether this mesic habitat was once continuous down to Peek-a-
boo, 'and whether the road has made it intermittent will never be known.
Closing the four-wheel drive road at Peek-a-boo or. at the junction of Horse
Collar Canyon could potentially allow the mesic habitat to spread ‘dov‘mstr.eam
to this point. Closure at this point would also greatly reduce travel into
the area above Bates Wilson Campground.

Management decisions with respect to road closure must weigh both the
impact of the road on the flora and fawna, and the impact of closure on lost
recreational opportunities. As biologists, we can speak with authority on
the issue of the impact of the road, we will also offer our opinion on the
‘recreational opportunities in 'Saltt Creek Caﬁyon.

The area above Bates Wilson is locally unique and a rare environment in
the greater Canyonlands area, which we believe the Park Service should be
working to protect and expand. We can say that thergr is evidence that the
road has a negative effect on small mammals, plants, and agquatic animals.
‘Remnants. of this mesic habitat are isolated alang the road between Peek-a-boo
and Bates Wilson Caimgrouﬁds. 'i‘his'rdi'stribution is consistent with the .
interpretation that the road has led to the fragmentation of the mesic
habitat between the two campgrounds. This argues that road closure above
Peek-a-boo should be given serious consideration. Below Peek-a-boo
Campground the volume of sand in the stream channel appears to be so great
that effects .of road usage are likely to be wiped out by'sand stouring (at
least in the stream channel itself).

Fram a recreational perspective, Salt Creek Canyon offers four types of
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recreation that would be affected by road closure. The first is isolation
fram civilization. Road closure would contribute to this end and thus has a
positive effect with respect to this goal. Three negative effects would
a;:ise’: loss of an area to go four-wheeling, loss of a remote area that can
be reached by car, and loss of access to arches (in particular Angel Arch). -
Our opinion is that access to better afeas to four-wheel, aécéss ‘to‘exterlxsive
remote areas by car, and access to arches is widespread in Canyonlands and in
the greater Canyonlands area. Thus while road closure would entail
recreational loses to the general public, we believe that these can easily be
made up. On the other hand, the potential damage of the road and loss of
this isolated mesic habitat will be very difficult if not impossible to
replace. |

From having talked to the pﬁblic on oﬁr trips up Salt Creek Canyon, it
is very clear that the typical Canyonlands visitor considers bPeek—a-boo
Campground to be a very remote site, which requires serious four—ﬁheel drive
challenges to reach. Terminating the road at Peek-a-boo Campground 1s an

option that we would recammend to you.
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ABSTRACT FOR ARCHES NATIONAL PARK

Preliminary sampling at Arches National Park reveals that some plant
specie's experience the canyon bottoms containing or lacking the trail as
markedly different envirormeﬁts. There also is some suggestion that deer
mice and mice in general may also regard these environmerits as different.
Six of nine of the common plant species differed in coverage between canyon
bottom containing the trail, canyon bottom lacking the trail or the trail
right of way per se. One species had greater coverage in the area lacking
the trail, while two had greater coverage in the canyon bottom with ﬁhe
trail. The most typical difference among treatments was for coverages to be
smaller in the trail right of way relative to the adjoining canyon bottam.
Five of nine speciés differed in frequency of occurrence across treatments.
Two species were more commonly encountered in the canyon bottom with the
trail, and two in the canyon bottom lacking the trail. Three of nine were
" more cammonly encountered in the canyon bottam containing the trail relative
to the adjoining treatment in the trail right of way.

Analyses of coverages across broad ecoiogical plant groupings (all
grasses, all herbs, all shrubs, all trees, all plants) yielded patterns
similar to that seen for individﬁal species. Total p}ant coverages were
roughly similar in the canyon bottom containing or lacking the trail, while
total plant coverage in the trail right of way was 200 % less. Shrub
coverage was greatest in quadrats in the canyon bottom lacking the tré.'il .
shrub coverage, herb coverage, and coverage for all ;_>1ants canbined was
reduced in the trail right of way relative to the canyon bottam containing

" the trail. Herbs, shrubs, and all plants cambined were not distributed
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equally across the three treatments. Herbs were more camonly encountered in
the area lacking the trail. Herbs, shrubs, and all plants combined were more
common in the canyon bottom containing the trail relative to the trail right
of wé& per se. Examination of confidence intervals for mark-recapture
estimates suggests that deef mice and all mice (pqoléd) may be more abundant
in the area lacking the trail relative to the canyun'bdttcm containing the

trail. Mice appeared to be avoiding the open area of the trail.



34
STUDY AREA

Our study area was immediately upstream and downstream of the paved road
crossing White Canyon near "The Wall". Plants were sampled for approximately
1l km’up and downstream of the bridge. Small mammals were sampled in two trap
grids, one located immediately below th‘g bridge, the othgr 800 m above tbe
“bridge.

METHODS

We examined plant and smail narfnal populations in Courthouse Wash in
October 1992. There was very little water in the wash and aquatic organisms
were too uncommon to merit examination at that time. Species encountered at

the site are listed in Appendix 2.
Plant sampling

Plant characteristics were examined in 250 - 1 m sq plots. These plots
were arranged such that 100 plots were present in the canyon bottom above the
‘bridge (= trt 1, area with low trail usage), 100 plots were in the canyon
bottom below the bridge (= trt 2, area receiving heavy trail usage by hikers
" and some pack animal use), and 50 plots in the trail right of way per se (=
trt 3) . Plots were‘arranged in rows which ran perpendicular to the stream
channel. Each row contained 5 plots and was located 50 m from the next row
All .plant quadrats were located within 2 km of the bridge over Courthouse
Wash. Within each row in trts 1 and 2 the plots we;:e arranged as follows: 1
plot located fram 1 - 5 m fram the high water mark, 1 plot fram 6 - 10 m, 1
plot 11 - 15m, 1 plot 16 - 20 m, and 1 plot 21 - 25 m above the high water

mark. Exact location of each plot was varied systematically within each 5'm .
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range‘, and was predetermined before the investigators arrived on site. Plots
for trt 3 were centered on the most actively used hiking trail (trails braid
along the canyon bottom with several typically present in any area), and
located every 25 m. The bridge over Courthouse wash (near "The Wall") was
used as the starting point for upstream and downstream row locations.

Once located in space, a 1 m sq grid with one hundred 10 cm x 10 cm
subdivisions was placed over the plot, and plant coverages measured in cm sg
for each plant species. This data was then summarized in each plot to obtain
the-following data for analysis: total grass coverage; total herb coverage;
total shrub coverage; total tree coverage; total plant coverage; numnber of
grass species; number of herb species; number of sh:_:ub species; number of
tree species; number of plant species; and the nurber of plots occupied by
grasses, herbs, shrubs, trees, and all plants. - Finally, all species that
occurred in at least 10 % of the plots of at least one of the treatments
(species that could be regarded as relatively cammon) were analyzed for
coverage, or frequency of occurrence in plots.

For most of these grouping;s, the most typical observation per plqt was 0
(none of this grouping was observed in this particular plot). This means
that the data sets tended to be'bimodal (one peak in observations at 0 and
another peak at a ;;ositive integer). This causes problems for parametric
analyses so we analyzed the coverage or count results using nonparametric |
testé (Kruskal-Wallis Bnalysis of Variance tests, and Mann-Whitney U tests),
to overcome this problem. We used chi square tesfs to compare the frequency
of occurrence for various ecological plant groups or species, across
treatments. We made the overall comparison across the three treatments to

ask if plant characteristics differed between canyon bottom receiving light '
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use (Trt 1), canyon bottom receiving heavy use (Trt 2), or the trail right of
way per se (Trt 3). We followed this test with two way comparisons between
the canyon bottom receiving (Trt 2) or lacking (Trt 1) heavy use, or between
the c’anyon bottaom receiving heavy use (Trt 2) and trail right of way per se

(Trt 3).
Small mammal sampling

We set 100 traps in each of two trap grids at Arches Naticnal Park. The
traps. were atraﬁged in 5 rows located 7 m apart. Within each row 20 traps
were arranged 10 m apart. Each trap grid thus covered an area of
approximately 28 x 190 m, or 0.53 ha. One grid was located approximately 1
km above the bi:idée that crosses Courthouse Wash near "The Wall", while the
other was located immediately below this bridge. Traps were baited with
rolled oats, and opened just before dark. Traps were checked at first light,
and sprung. Ant activity was low, bait removal was minimal, and all traps
maintained large.amounts of bait. Each captured muée was identified, had a
fish fingerling tag placed in its ear, and was released.

" We contrasféd.thre number of .t.ni.ce caught between the two trap grids using
chi square tests. We compared the number of each species for common species,
and the tofal number of.mice caught. Finally, for the downstream grid we
used a chi square test to determine if mice were avoiding the trail right of
way, comparing the number of mice caught in the row located in the trail to
the four rows located out of the trail. We also used a chi square test to
contrast trap success of the traps in the streamside Juncus habitat to the
brushy upland habitat adjacent to it.
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RESULTS AND DISCUSSION

Plant sampling

]

Twenty nine species were observed in the 100 plranjt samples co}le_cted
aSoVe the bridge, 29 species were observed in the 100 plant saméles below the
bridge in Courthouse wash, and 16 species were observed in the 50 samples
colleéted in bthe trail right of way. However, anly 9 species were present in
at least 10 % of the 1 m sq plots (for at least one treatment), and treated
with a statistical analysis. Species of all taxa encountered during.samp}ing
at Arches are listed in Appendix 2.

_ Six of nine species exhibited statistically significant differences in
plant coveragé (af p < 0.05 level) across the three treatments (Table 18).
Of these nine, only Salix (willows), Tamarixz (Tamarisk), and Equisetum
(horsetails) exhibited statistically significant differences in coverage
across treatments following the Bonferroni procedure (Fig 8.). One of nine
species had greater coverage in the canyon bottom lacking the trail, ﬁh_ile 2
of 9 sbecies had greater coverages"in the'canyon bottom containing the trail
(Téble 18., Figb. é, 15 < 0.05). Horsetail coverage was greater in the canyon
bottom with the trail, while tamarisk coverage was greater in the canyon -
bottan lacking the trail (Fig. 8, Table 18. Bonferroni procedure). Four of
nine species had greater coverage in the canyon bottam with the trail than in
the trail right of way, while no species had greater coverage in the trail
right of way (p < 0.05, Table 18,). Willow coverages in the canyon bottam
containing the trail were higher than willow coverages in the trail right of

way (Fig. 8., Table 18, Bonferroni procedure).
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.Five of nine species exhibited stétistically significant differences in
frequency of occurrence across treatments (p < 0.05, Table 19, Figure 9.).
Melolotus alba (white clover), willows, and Tamarisk all differed in
frequ’ency of occurrence across the three treatments (Fig 9., Table 19,
Bonferroni procedure). Two of nine species were more fréquent_ly encountered
in tﬁé canyon bottom lacking the trail, while two of nine were.mfe '
frequently encountered in the canyon bottam containing the trail (Table 19. p
< 0.05, Fig. 9.). Horsetails were more often encountered in the area
containing the trail then in the canyon bottom lacking the trail (Fig 9,
Table 19, Bonferroni procedure). Three of nine species were more commonly
encountered in the canyon bottom containing the trail relative to the trail
right of way per se, whereas no species were more common in the trail right
of way per se (Table'19, Fig. 9., p < 0.05). No species met the Bonferroni‘
procedures criterion for statistical significance for comparisons between
treatments 2 and 3.

Patterns in plant coverages across broad ecological plant groupings were
more similar to what one would expect to see if the trail was having a
negative effect on-thé flora. Plants were subdivided into four ecological
plant'groupings: trees, shrubs , grassés, and herbs, and also pooled into
total plants for analysis. '1fhree of five of the comparisons across the three
treatments (= four plant groupings and total plants) were significant (Table
20, 'Fig. 16 at the p < 0.05 level). Total herb coverage, total shrub
coverage and total plant coverage also met the Bonferroni criterion for
significance. Shrub coverage was higher on the plot lacking the trail than
on the plot containing the trial (at the p < 0.65 level), but not when.

following the Bonferroni procedure. No groups were more abundant on the plot
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containing the trail. Herb, shrub, and total plant coverages were all more
abundant in the plot containing the trail relative to the trail right of way
per se following either the regular or the Bonferroni procedure (Table 20,
Fig.'10). Coverages of none of the ecological grouping were greater in the
trail right of way per se.

' .There were significant differences in number of épecies dbsefved per'l m
sq plot across all three treatments for herb, shrub, and total plant species,
following either the regular or Bonferroni rules (Table 21, Fig. 11). Total
nurber of herb species /1 m sq plot was greater in the area lacking the trail
relative to the area containing the trail following the regular rules, but
not following the Bonferroni procedure (Table 21, Fig. 11). There were more
shrub and total plant species in the area containing the trail relative to
the trail right of wﬁy per se following either the regular‘or the Bonferrohi
procedure (Table 21, Fig. 11). Herbs were more abundant in the area
containing the trail relative to the trail surface per se (Table 21, Fig.
11), but only following the regular rules and not the Bonferrani procedure.
Total herbs, total shrubs, and total plant groupings differed in
frequency of occurrence across the three treatments, following either the
regular p < 0.05 level, or the ﬁonferrbni procedure (Table 22, Fig. 12).
Only total herbs differed in frequency of occurrence across treétments 1 and
2, being more.abundant in the area lacking the hiking trail following the
.regﬁlar,~bﬁt not the Bonferroni procedure (Table 22, Fig. 12). Total herbs
were more cammonly encountered in the area containing the trail relative to
the trail right of way per se (only at the regular p < 0.05 level, Table 22.
Fig. 12). Total shrubs and total plants were nﬁre commonly encountered in

the area containing the trail than the trail right of way per se (following
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both the regular and Bonferroni procedures, Table 22, Fig. 12).

It is clear from the plant analyses that some plants treat the three
treatments as different environments. Whether these differences are due to
the trail per se is not clear. If one loocks at plant coverages for the
ecological plant groupings (Table 20), the major differences that jump out:
are the marked reductions in coverage in the trail right of way. This
implies that the trail is negatively affecting plant coverage, apparently
reducing it to about one third of that observed in the other two treatments.

Small memmal sampling

Seven mouse species .and a weasel were captured in the 100 trap grid in
the area contaiﬁing the heavily used hiking trail, while, six mouse species
were caught in the area lacking the trail (Table 23). Petersen mark-
recapture estimates were quité similar to the total count of number of small
manmmals actually caught. Because only two grids were trapped there are no
multiple estimates from which we could obtain a estimate of variation, and
thus no statistical tests are poss'ib}e. We contrast the 95 % confidenc‘é .
intervéls for the deer mouse and all mice &mbined as these two gréupings had
high densities. We caution (Menkens and Anderson 1988) that these confidence
: intervals are only hypothetical and may differ considerably from the
mdérlying values. Simple inspection of the data suggest that there might be
more deer mice and more total mice in the area lacking the trail. Further
study of this possibility would appear to be worthwhile.

Twenty of the 100 downstream traps (20%) were located in the trail right

of way. These traps accounted for only 8 of the 81 captures (9.9%), a



4]
proportion far short of their expected contribution -(chi-square = 8.‘7, 1
d.f., p < 0.01). ‘ Small mammals appear to be avoiding the open area in the
trail. The trail was located in a Juncus dominated habitat that céntained
the first two rows of traps (40 traps) in the downstream area. Trap success
of traps in the more bushy habitat (60 of 240 = 25%) was much higher than -
thét in the more open Juncus habitat (21 of 160 = 13%, chi-square = 12.9, 1

d.f., p < 0.001), suggesting that the open Juncus habitat is not good mouse

habitat. This latter effect may explain much of reduction of trap suécess in
the trail, as trap success in the trail (8‘of 80 trap nights = 10%) was not
much different from that in the Juncus habitat but not in the trail (13 of

80 = 16.3%, chi-square = 1.38, 1 d.£., p > 0.10). These results imply that
both the trail and Juncus habitat may be detrimental to mouse populations.
‘uncus habitat was about twice as abundant in the canyon bottom below the
road relative to that above the road. This difference was marginally
nonsignificant, and would merit watching in a more extensive examination of

the canyon bottom.
' MANAGEMENT MIQTIWS

Our investigation at Arches National Park examined omly 5. small portion
of the park, and took place near the bridge over Courthouse wash near "the
Wall®. This is at the upper end of the heavily hiked section of this canyon,
and probably receives lesser usage than the downstream end of the canyon.

In spite of this, we still observed significant differences in plant
coverages and distributions across treatments. The small mammal sampling

effort was even smaller than that for plants, yet it still yielded same
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evidence that the three treatments were experienced differently by small
mammals. Taken as a whole our work at Arches suggests that the trail may
have negative consequences on the plants and animals in Courthouse Wash. Our
wgrk‘was probably too localized and small to draw inferences on the true
magnitudes of this effect. Our recomendation for Arches 1s that more study
is merited, and that this should be spread more widely over the canyon
bottam. Based on our sampling effort at the three study sites we would
recommend the sampling procedure discussed below. This approach is simple,
repeatable by different investigators, and does not require advanced

botanical, zoological, or statistical skills to carry out.

Our research suggests f.hat presence of a road or trail typically leads
to lowered plant coverage, and an increase in bare ground. Same species do |
better in the road or trail while othei:s do worse. While 50 plant species
can be expected to be encountered in any of these areas, only a few, usually
" 10 to 15 are abundant enough to be quantitatively sgm‘pled. Further we have
demonstrated that broad :ecological "plant groupings also vary across |
treatments. This suggests‘ that these broad groupings are also useful
monitoring toolé. In the procedure we outline below either or both
individual species (those discussed in our reports) or ecolbgical plant
groups could be monitored. The procédure is designed to function as both a
snapshot of current conditions and as a monitor of longer term'changes.

The procedure consists of placing a series of line t.ransects

perpendicular to the canfon bottom, and recording data in such a way that the
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proportion of the vegetation attributable to different classes (ecological
groupings or species) can be determined. This process is repeated numerous
times in the canyon bottom containing the road or trail and in the canyon
bptt&n lacking the trail or road. We would recommend running 50 lines in
each treatment. Each line should go across the canyon; or:in ‘very wide
places be the average canyon width widé. The lines should Bé eqﬁaliy spéced
over the treatment, and marked by driving rebar poles into the ground on each
end so that they can be relocated in the future for remeasurement of the
line. Each line should be measurable in 30 to 60 minutes, when two people
are working.

Once a line is located in space, a fiberglass measui:ing tape (graduated
in centimeters) should be stretched between the two ends. Care should be

-made that the line is straight aﬁd does notv contain major bends around trees
or other structures as this could introduce bias into the results. One
individual records data, the other calls it out. The following data is
recorded onto a data sheet as the caller walks alang the line: length of
bare ground, length of bare ground including both true bare ground = no

" plants - and bare ground overtopped by trees (this qomts as vegetated ground
when looking at total plént coverage, but is probably considerea bare ’groimd
by rodents), coverage by each plant class (= ecological plant group, or
species if you want that detail), width of disturbed sfream channel .

' (disi:urbance caused by water flow), width of trails or roads, and width of ‘
total transect. Remember to measure all plants even when one species
overtops another. Record cne data sheet for each tramsect, with Subject;
class (e.g., grasses, or bare ground) listed across the top of the page. Sum

the numbers in each colmin to get tbtals for each category for each line
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transect. Divide the total for a category (for example grass coverage) by
total transect width to get the proportion of the transect that is covered by
grass coverage. Transform the data with an arc sign transforrrat.ion to
facilitate parametric statistical analysis. The procedure is described in
statistical books (Zar 1974,. has a’ table, and mst..sta?;tistical programs will
do the transformation). Combine data from-the differént ‘transects to get 100
estimates of each plant parameter (e.g., total grass coverage), 50 in the |
canyon bottom with the road or trial and 50 in the canyon bottam lacking the
road or trail. Counts per 50 m of transect can be used in lieu of density
figures, to give an estimate of frequency of occurrence across treatments.
Use chi-square tests for these analyses. For camparison of proportions of
transects occupied, use t tests, or 2 way analysis of variance tests for
making coméarisons both across treatments and across jrears. This sort of
analysis will give you a good feel for how much of the canyon bottom is being
taken up by the trail or road, and whether this value changes over years.
Interpret the changes in your studies in future years in light of the results
that we have presented in this report. Once every 5 to 10 years you might
want to measure plant coverages in belt tranéects located along your line
transects. We would measure coverage in at least 250 m sq in each treatment.
This is time consuming, but giveé you higher caliber @ata and same sorts of
data, like true densities, that you cannot get fram transect data.

" For small memmal sampling we would recommend live trapping grids,
similar to those we have used. We would use daily counts as the estin.ates of
population size, and trap at least four 70-trap gfids._ in the trailed and
nontrailed areas (8 grids total). This is a lot of work, and could be done

every 3 to 5 years. See .the Canyonlands results for recommended analyses.



45
The aquatic organisms are best sampled with visual surveys, because of
the complex nature of the substrate which prevents accurate sampling with
nets. Again the Canyonlands results provide a good guide for prPtocol‘and

analybis.
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ABSTRACT FOR NATURAL BRIDGES NATIONAL MONUMENT

Several piant species or ecological pilant groupings differed in plant
coverage or in frequency of occurrence across the canyon. bottom containing
the trail, the canyon bottom lacking the trail, or the trail right of way per
se. Mormon tea, and dropseed were more frequently encountered, and had
greater coverages, in the canyon bottam iacking the trail, while rabbit
brush, mountain mahogany, and Lepidium were more frequently encounter or had
greater coverages in the canyon bottom containing the trail. Grasses were
more frequent in the canyon bottom lacking the trail relative to the canyon
bottam containing the trail. The greatest plant difffererxc% occurred between
the canyon bottam containing the trail and trail right of way per se. Oaks,
Morman tea, and Lepidium all had lower coverages in the trail relative to the
surrounding canyon bottom. Herbs, shrubs and all plants combined had lower
coverages in the trail relative to the adjoining canyon bottom. Many of
these differences in coverages were on the order of 200 percent reductions.
There were more grass species encountered per m sq in the canyon bottam
lacking the trail relative to the canyon bottom containing the trail. More
" herb, shrub, and total piant 'spe;::ies were observed per m sq in canyon bottom
cohtaining the traii relative to the trail right of way.

Pinon mice were more cammon in the canyon bottom containing the trail |
relative to the canyon bottom lacking the trail. Trap success in the trail
was higher than that in the surrounding canyon bott;xn. The most salient
characteristic of the trapping results was the low and highly variable number
of mice caught per trap grid. The low numbers were most likely due to the

near constant rains. The cause of the spatial heterogeneity in numbers is



\.mmown Bird numbers were too low to aliow us to draw any meaningful
conclusions.

Aquatic invertebrates exhibited strong differences between the canyon
bottdm containing or lacking the trail. In both years the poois in the
canyon bottom lacking the trail .contain_ed more individugls per -species
relative to pools in the canyon bottom containing the traii. . In 1991, the
pools in the canyon bottom lacking the trail contained more species than
pools in the canyon bottom containing the trail. The pools in the area
containing the trail werersandy bottomed, while those in the canyon bottom

lacking the trail tended to be rocky. The species missing fram the area

containing the trail were species that are typically associated with rocks.
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Trail usage may be increasing sand infiltration into the stream, and burying

rocky substrate, effectively removing this habitat from this area.
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INTRODUCTION

At this site we examined piant and animel distributions with respect to
thred treatments: Trt 1, area above Sipapu Bridge (an area lacking a heavily
used hiking trail), Trt 2, area hetween Sipapu and Kachina Bridges (area
contalmng a neav11y used hiking trail), and Trt 3, in the tra11 right of
way. We have examined the distributions or abundances of numerous species.
Many 6f these‘, especially plants and insects do not have common names. We
have used cammon names where ever possible. All species that we encountered
during regular éurveys are listed in Appendix 3. There we camment on names

and on our degree of confidence in our identifications.
STUDY AREA
The study area at Natural Bridges consisted of all canyon bottom between
Sipapu Bridge and Kachina Bridge, and the canyon bottom for 4 km upstream of
Sipapu Bridge. Pools were sampled throughout these areas. Small mammal
grids were located for the first 3 km up ann downstreafn of Sipapu Bridge.
Plant quadrats were lbcated.for 25 km up and downstream of the bridge.
METHODS

- Sampling Approach

From 1990 to 1992 we looked at birds, small mammals, aquatic organisms,

and terrestrial plants. For all-four taxa we made camparisons between a
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downstream area {Sipapu Bridge to Kachina Bridge) that contained a heavily
used hiking trail, and the canyon bottom immediately upstream of Sipapu
Bridge which lgcks a regularly used trail. We comparecd species presence or
abserice patterns, or the nuwber of individuals per species. Birds, aquatic
animals, and plants were studied in 1990. Aquatic animais were stx_xdi,ed in

1991. In 1992, we examined both plants and small manmals.
Plant Sempling

The vegetation in White Canyon is qui_te,heterogenous and varies .a great

Geal over short distances. A lot of this variation appears to be due to the
fact that the canyon has sheer walls and shifts directions ‘over short
distances. T'dis .creates a moséic of shady and sunny areas on the canyon
bottam. In 1990 we attempted to deal with this variation by sampiing two
plant grids above and two below Sipapu Bridge. In each area either above or
below the bridge, one grid was located in an area that received much sun each
‘day, the other in an area that 'received much less sun. Each grid consisted
of 50 1 m sq quadrats arranged in 10 rows of 5 grids each. Each grid was
éi.fnilar to thos.e' descnbea abové .for Canyonlands plant grids except that rows
were only 5 m apart. The area with the trail received 50 quadrats per grid
plus 10 quadrats (in the trail per se, which represents treatment 3).

| " In late May and early June 1992, we examined plant coverage on four
plant” grids above Sipapu Bridge and four plant grids between Sipapu and
Kachina Bridge. These grids were similar to those described for the
Canyonlands grids, except that there were only 40 quadrats (8 rows of 5

quadrats) in each plot in treatments 1 and 2, and 20 quadrats in treatment 3.
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This breakdown of quadrats per grid gi(res us more power to detect differences
between treatments 2 and 3. Rows were 50 m apart, and treatment 3 quadrats
were placed in the trail 25 m apart. In both 1990 and 1992 the upstream grid
startfed approximately 1 km upstream of Sipapu Bridge. In 1990 the first
downstream grid was about 1 km downstream of the Sipapu Bridge while in 1992
the fi'rst grid started 50 m below this bridge. S .

In each quadrat we recorded the total coverage for each species present,
and counted the number of individuals present per species. We subdivided the
plants into four ecological piant groupings (herbs, grasses, shrubs, and
trees) and computed total coverage for each of these ecological groupings and
for a totai coverage for ail plant species. We used nonparametric analyses
to cm@are coverage by species, coverage by ecological plant type, or
percentage of 1 m sq quadrats occupied perb species or plant group, across the
three treatments. Following the overall comparison we compared these
variables between treatments 1 and 2, and treatments 2 and 3. Species
comparisons were made only for those species that were abundant enough to
occur in more than 10 percent of at least one of the treatments. Sixteen

plant species met this criteria in 1990, and 14 species in 1992.
Small Mammal Sampling

' Small h\armals were trapped in late May 1992 on four 70-trap grids
upstream (= Trt 1 or area lacking the trail), and four grids downstream (=
Trt 2 or area containing the trail) of Sipapu Bridge. Each grid consisted of
5 rows of 14 live traps each. Intertrap spacing was approximately 8 m

between rbws and 10 m between each trap within a rdw. Each grid was trapped



for four successive nights, except where heavy rainfall prevented this.

Heavy and almost continuous rain occurred during the laét two weeks of May
1992. We had 36 traps washed downstream during one ;flash fiood event. Small
mammals were identified to species, sexed, marked with a nurbered ear tag and
released. The total number of mice caught per species/grid, or the ‘total -
fnnnbér. of mice of all species combined were compared ééross tréatn;ents wifh
Mann-Whitney U tests or t tests. Finally, we compared the trap success of
traps located in the trail to the trap success of traps not located in the

trail with a chi-square test.

Bird Sampling

Birds were counted along four 600-m lﬁng transects, which were waiked 6n
two successive days in 1990. The vegetation was thick and the birds appeared
to move around a great deal. These factors led to wide variation in the
nurber of birds seen on each transect. Our original plan was to coampute
densities following the approach of Emlen (1976). Given the data in hand we
feel -that this is not 'wqrth pursuing (the confidence intervals will be so
wide that they will mean riothiné) . We have compared the raw data (number of
individuais per species, number of species, number of individuals) across

treatments with t tests. No bird transects were examined after 1990.
tic Animal

IN 1990 we examined 79 pools at Natural Bridges. We walked around the

pools mking visual counts of number of individuals per species. After this
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we made dip net sweeps through each pool and recorded number of indiﬁiduals-
per sweep. Arouné a dozen species were present in pools, however, only about
half this many were present in greater than 10 percent of the sanpies. We
analyzed these more abindant -species for differences between treatments. We
 compared the number of species, number of individuais, or number of
individuals per species present in each pool between treatments with a t
fest. We compared the frequency of occurrence of individual species in poois
across treatments with chi square tests.

We compared the number of individuais ber species sampled per dip net
sweep across treatments with a t test. We compared the frequency of
occurrence of species in sweeps across treatments with chi square tests. We
also tested for regressions between environmental parameters and estimates of
number of species or number of individuals per specieé. We tested for
relationships between pool surface area, or deﬁth and the number of species
observed in visual surveys, and the number caught in the dip net surveys.
Finally, we poolied the data from sweep and visual surveys to yield our best
estimate of the number of species present per pool, and performed a
regression between this variable ahd.pool depth or pool surface area. We
also tested for a;relationship‘between pool:surface area and the number of
individuais ﬁér species for the surface-living invertebrates (whirligigs,

. notonectids, and water striders).

" In 1991, we made one trip to Natural Bridges to sample aquatic
organisms. Our main purpose in ih;s trip was to try to relate the
distribution and abundance patterns of aquatic animals to the physical
characteristics of the pools. We measured 26 pools in the area lacking the

trail (Trt 1), and 32 pools in the area containing the trail (Trt 2). We



walked around each pool and counted the number of individuals of each'
species. In eacﬁ pool we measured the surface area and estimated average
depth, we also assigned the pool to one of thrée bottom-corposition classes:
ciasd 1 = > 90 % sand bottomed, ciass 2 = > 90% rock bottomed, and class 3 =
<90% rock bottomed and < 90% sand bottomed. We used a Mann-Whi‘tﬁey test-to
ccrﬁpare the bottom-composition scores across the two treatments. We used
Mann-Whitney U tests or t tests to compare physical attributes of the pools,
number of species, or number of individuals per species across the two
treatments. |

In 1992, we planned on collecting sampies of aquatic animals, but the

" presence of heavy rain lead to high stream flows which precluded sampling.
RESULTS
Plant Sampling

Plant distributions and abundances were examined on 4 plant grids at
Natural Bridges National Monument’ 1n 1990. Many plants germinated or -
sprgutéd from ro&ts early in the spring, bﬁt many either quit growing or
dried up du.r'ihg the summer. Very few reached reproductive maturity (most
never got past basal rosettes), and thus many species at this site were not
jdentified to species. Twenty-seven to 30 species .were observed per grid.
Only 16 species were observed in > 10 percent of the quadrats and pursued
further. We chose sampling sites at Natural Bridges so that there was one
shaded site up and down stream and one open sunny site up and down stream.

We analyzed these data as a one way analysis of variance with presence or



54
absence of the trail being the treatment.

C@arism across treatments revealed that total herb coverage differed
among all three treatments (Table 24); None of the ecological plant
grou;ings differed between treatments 1 and 2. Total herb coverage did
differ between trts 2 and 3 ﬁith lewer _‘coverages dccurfing ﬁ'.in .‘the. trail per
se (Table 24). | |

Twelve of the fifteen individual species examined had different
coverages between the three treatments (at the p = 0.05 level, Table 25, Fig.
13), implying effects of the treatments on species coverages. Four species
met the more restrictive requirements of the Bonferroni procedure (Table 25,
Fig. 13). Eight of 15 species differed in coverage between treatments 1 and
2 (p = 0.05.1evel), and four differed following the Bonferroni procedure
\ (Table 25, Fig. 13). Dropseed and Morman tea had greater coverages in the
area lacking the trail, ‘whereas rubber rabbitbush and mountain mahogany had
greater coverages in the downstream area containing the trail. Three of 15
species exhibited differences in coverage between treatments 2 and 3 (at p =
. 0.05 level), only Gambel' s oak exhlblted a d1fference in coverage between the
area contalmng the trail and the tml surface area per se follom.ng the
Bonferroni procedure. Inspection of the magnitudes of the values suggests
that the existence of only 1 species difference between treatments 2 and 3 is
prolpably a function of the'srﬁall sample size (20 quadrats) for treatment 3.

Three of five comparisons of presence or absence of ecological plant
groups across the three treatments exhibited statistical significence (at the

= 0.05 level); grasses, herbs, and shrubs alsoc met the Bonfer.:roni criteria
for significance (Table 26). Shrubs were more cammonly encountered in the

canyon bottom containing the trail relative to the canyon bottom lacking the
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trail following either procedure for testing significance (Table 26). Two of
three possible comparisons across treatments 2 and 3 were statistically

significant (at p = 0.05). Only herbs differed in frequency of occurrence
(beir:g more common in treatment 2 relative to treatment 3) following the
Bonferroni procedures o o

Examination of species presence or absences in quadrats revealed that

12 of 16 species had distributions skewed enough to be regarded as
statistically different across the three treatments (p = 0.05 level, Table
27, Fig. 14). This large nuwber of differences suggests that the treatments
are influencing species distributions, as we would expect to see only one
difference by chance alone. Morman tea, Cercocarpus lepidium, rabbit brush,
primrose, and dropseed all differed in frequency of occurrence across the
| three treatments (following the Bonferroni procedure). Seven of 16 possible
comparisons across treatments 1 and 2 were significantly different, with two
species being more caﬁmnly ‘encountered in the area lacking the trail, and
five species more camonly encountered in the area containing the trail (p =
. 0.05 level, Table 27, Fig. 14). Dropseed and morman tea were more catmonly |
1ocated in the canyon bottam laclu.ng the trail, whereas w epidi
and rabbit brush were more commonly located in the canyon bottom containing
the trail (following the Bonferroni procedure). Sample size was too small to
allow statistical testing for 13 of 16 comparisons between treatments 2 and
3., In one of the three possible comparisons (Gambel's oak) a species was
more often encountered in the canyon bottom surrounding the trail relative to
the trail right of way per se (following either process for teéting |
significance).

In 1992, the.weather was more conducive to plant growth and most plants
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matured and were easy to identify. Fourteen species were observed in at
least 10 percent of quadrats for at ieast one treatment and were subjected to
statisvtical analysis. Seven of 14 species had different coverages across the
thre; treatments (Table 28,), again implying effects of the treatments on
species coverages. Four of these s;.even species (_L_.gg;_dz._t@, Gambel 's Oak,
Morman tea and Western Virgin'é Bower) alsc; met the 'requi.rements of the
Bonferroni procedure. Two species had higher coverages in the area lacking
the trail, while two had higher coverages in the area containing the trail (p
= 0.05 level. Only Lepidium, with greater coverage in the canyoﬁ bottom
containing the trail met the more restrictive requirements of the Bonferroni
procedure. Seven of 14 species had reduced coverages in the trail right 6f
way relative to the adjacent canyon bottam (p = 0.05 level, Table 28). Of
these, only Gambel's oak, Morman tea, and Sepecio, could met 'the requirétmts
of the Bonferroni procedure. Cottonwood had greater coverage in the trail
right of way relative to the adjoining canyon bottom, but only af the p =
0.05 le\}el (Table 28).

- Four of five of the plant groupings (hérbs, shrubs; grasses, and all
planté) had different coverages f61'lowing either the regulér procedures or
the more stringent Bonferroni procedure (Table 29, Fig. 15). ﬁ‘otal grass
coverage was greater in the area lacking the trail relative to the canyon
bott:.an containing the trail following either procedure (Tabie 29, 15). None
of the groups had greater coverage in the canyon bottom containing the trail
relative to the canyon bottam lacking the trail. Total shhxb and total plant
coverage were reduced in the trail right of way relative to the adjdining
canyon bottom (following either procedure Table 29, Fig. 15).

Eighteen species were encountered.commonly enough to merit examination
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of frequency of distribution across treatments. Seven of 18 species differed
in frequency of occurrence across the three treatments (Table 30, Fig. 16),
suggesting that plant distributions were influenced by trail location.
nggf;_um and Morman tea differed across the three treatments following the
Bonferroni procedgre. One of 18 species were more commonly found in quadrats
in treatment 1 relative to quadrats in treatment 2 (with p = 0.05 procedure,
Table 30, Fig. 16). Three of 18 species were more commonly found in the
canyon bottom containing the trail relative to the canyon bottom lacking the
trail (Table 30, Fig. 16). Of these three, only Lepidium also met the
requirements for the Bonferroni procedure. Six of 18 species were more
cammonly encountered in the canyon bottam containing the trail relative to
the trail right of way per se (Table 30, Fig. 16). Of these six, Gambel's
oak, Morman tea, and Senecio also met the Bonferroni rules "Cottonwood was
more often encountered in the trail right of way per se relative to the
surrounding canyon bottom (following the regular rules but not the Bonferroni
rules Table 30). Three of the five ecological plant groupings (grasses,
shrubs, . and all plants) differed if frequency of occurrence across the three
treatments (following either the regular rules or the Bonferroni rules Table
31, Fig. 17). Grassées were more frequently encountered in the canyon bottom .
lacking the trail relative to the canyon bottom conta'ining the trail
(following either procedure for testing significance Table 31, Fig. 17). No
speéies were more commonly encountered in the canyon bottom containing the
trail relative to the canyon bottom lacking the trail. Shrubs were léss
commonly encountered in the trail right of way relat:‘_.ve to the adjoining
canyon bottam (following either statistical procedure Table 31, Fig. 17).

Comparisons of number of species present per quadrat in 1992 revealed '
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diffe:;ences across the three treatments for 4 of 5 ecological plant groupings
(p = 0.05 level, Table 32). Different nurbers of herbs, grasses, shrubs, or
all plant species combined were founé in the three treatments (following the
Bonfdrroni procedure). Number of g;.'ass species was greater in the canyon
bottem lacking the trail relative to the canyon bottam cqntaining the trail

following either test procedure). Herhs, shrubs, ‘and all plants combined
each contained more species in the canyon bottom surrounding the trail

relative to the trail right of way (following either procedure).
Small Mammal Sampling

Eight species were caught in the grids located in the canyon bottam
containing the trail, and eight species were caught in the canyon bottam
lacking the trail. It rained almost every night we trapped. Number of mice
caught was not very high, and varied a great deal between grids within a
treatment (Table 33). Never-the-less comparisons across treatments 1 and 2
did reveal some differences. There were more Pinon mice per grid in the
canyon containing the trail '(2.75, 1.3; mean, s.d.) relative to the number
~ per grid in the canyon bottom lacking the trail (0.5, 0.6, t = 3.25, 6 d.f.,
P = 0.017). There was no difference in the number of white-throated woodrats
per grid (6.5, 6.9 area with no trail; 1.8, 1.7, area with trail, t = 1.34,‘ 6
4.f., p = 0.227). The lack of difference here appears to be largely a
consequence of the small sample size. There also was no difference in total
number of mice caught per grid (13.0, 5.6 for the area lacking the trail;
10.8, 6.6 for the area containing the trail, t = 0.52, 6 d.£., p = 0.62).

Twenty four mice were caught in the 208 trap nights in the trail (12 %) while



57 were caught in the 912 trap nights out of the trail (6 %) establishing
that trap success was higher in the trai'l (chi square = 7.1, 1 d.£., p <
0.01).

3

Four bird transects were examined in White Canyon at Natural Bridges
National Monument (Table 34) - two below Sipapu Bridge (area with a trail)
and two above Sipapu Bridge (area lacking a heavily used trail). Ten species
were observed in the area lacking the trail, while 7 were observed in the
area containing the trail. Each species was rarely ‘encountered along each
transect (average for area with trail = 0.98 individuals/species, average for
area lacking trail = 0.90 individuals/species). These numbers are far too

low to merit analysis.

1990

Sixteen animal. species were observed in the pools during sampling in
1990 (Appendix 3). Three of these were amphibiéns and the rest were
invertebrates, mainly insects. In addition to these species we also saw one
- tiger salamander adult and several Great Basin spaciefoot toad tadpoles in the
pools at times when we were not gquantitatively sampling. Aquatic organisms
were sampled by making a visual survey of each pool, and by making

quantitative dip net samples. The results will be presented separately for
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these two sampling methods.

Visual surveys - Of the 16 species present 9 were observed in greater than 10
percknt of the pools and subjected to statistical analysis. Of these 9
specles, two differed in abundance ‘between pools - in the canyon hottom lacking
the trail (trt 1) and pools in the canyon bottom areas contalnlng the trail
(trt 2, Table 35). Both caddisfly larvae and water strider adulis were
approkimatelj three times as abundant in pools in the area lacking a well
ﬁsed hiking trail relative to pools in an area with a trail. Number of
species seen pér pool did not differ between treatment 1 (3.7 + 0.2, X +
s.e.) and treatment 2 (3.2 + 0.2, t = 1.5, 38,39 d.£., p = 0.14). Number of
in@ividuals‘per pooi also did not differ bétween trea;nent 1 (127.1 + 56.7)
and treatment 2 (98 + 28.3, t = 0.4, 38, 39 d.£., p = 0.66). Both pool
surface area (F = 6.63, 1, 77 &.£., p = 0.012, R2 = 0.067) -and pool depth (F
= 6.47, 1, 77 d.£., p = 0.013, R2 = 0.066) exhibited significant pﬁsitive
regressions with number of species observed per pool. Neither variable
(depth trt 1 2.3 + 0.1, trt 2 2.5 + 0.2, t = 1.0, 38, 39 d.f., p = 0.30;
surface area trt 1 22.4 + 5.1 m2, ﬁrt 215.4+3.0, t = 1.2, 38, 39 d.£.,.p
2 6.24) differedibétﬁeen the twolfreatments. Finally, five species were
abundant enough to examine their frequency of pool usage between the two -
treafnents.r Chirononﬁdé (chi square = 2.07, 1 d.£., p > 0.10), whirligigs
(chi square = 2.37, 1 d.f., p > 0.10) and water striders (chi square = 0.002,
1 d.f., p > 90) did not differ in frequency of pool usage between treatments.
Horsehair worms showed a tendency towards significance (chi square = 3.53, 1
d.f., p = 0.064), as did caddisfly larvae (chi square = 5.75, 1 d.f., p
<0.025; Bonferroni p value = 0.01).
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Sweep Samples - Five species occurred in greater than 10 percent of the
sweeps made. We analyzed these species for frequency of occurrence across
treatments with chi square tests. Given five tests an appropriate alpha
value would be 0.05/5 = 0.01. Only the comparison. for a amphipod meets this
crit‘erion, although all four other species have probability valués relatively
close to significance (Table 36).

Four taxa were abundant enough to merit analyses of number of
individuals per taxa per sweep. Notonectids (U = 43542, p = 0.055) and water
striders (U = 43854, p = 0.024, Bonferroni p = 0.05/4 = 0.0125) did not
differ between pools in an area lacking a trail and an area containing a
trgil. Arphipods (U = 45674, p < 0.0001, 0.16 + 0.09, X + S.E., near trail,
0.55 + 0.1 in éréa away from the trail) and chironomids (U = 43590, p <
0.011, 0.16 + 0.04 in area lacking trail, 0.08 + 0.04 in area with trail) did
differ among treatments.

Pool dept}; appears to influence the number of species observed in a
sweep (F = 29.4, 1, 77 d.£., p < 0.0001, R2 = 0.267). Similarly, pool
surface area is also positively rel_ated to number of épecies per sweep (F =
45.2, 1, 77 d.f., p < 0.0001, R2 = 0.361). The number of&species seen in
pools during visual surveys and the number captured in pools by making sweeps
was positively related (F = 39.4, 1, 77 d.f., p < 0.0001, R2 = 0.33). The
nurber of species seen or dip netted per pool was related to both pool depth
(r=16.2,1, 77 d.£., p < 0.0001) and pool surfacé area (F = 23.6, 1, 77 .
d.f., p < 0.0001). The murber of species dip netted per pool did not differ
between treatments (trt 1 4.2 + 0.3, trt 2 3.5 + 0.2, MAU = 954, 1 d4.£., p =

0.084). Number of individuals_ of surface living species was strongly
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positively related to pool surface area (notonectids, r = 0.351, 77 d.£., p <
0.002; whirligigs r = 0.226, 77 d.£., p < 0.05; waterlstriders, r = 0.632, 77
d.£., p < 0.001).

)
1991

.A'nalyses revealed that there were approximately twice as n'\any' specieé
per pool in the area lacking the trail as the canyon bottom containing the
trail (Table 37). Water striders, caddisflies, and mayflies were more
abundant in the area lacking the trail (Table 37). Simi.lafly, these three
species occupied a higher proportion of pools in the area lacking the trail
relative to area containing the trail (Table 38). Pools in the area
containing the trail were primarily sand bottomed whereas those in the area
lacking the trail were primarily rock bott&ned (Figure 1, m-mmey U test
= 179, p = 0.01).

DISCUSSION
Plant sanpling

Patterns for the ecological plant groups varied across years probably
reflecting a combination of different sampling techniques and different
preéipitation regimes. There were few differences in coverage or frequency
of occurrence between the canyon bottom containing or the canyon bottom
lacking the trail. Grasses were encountered less often in the canyon bottom
containing the trail. Herbs, shrubs, and all plants cambined had lower

coverages or were less often encountered in the quadrats in the trail right
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of way per se relative to the canyon bottom containing the trail. This is
strong evidence that the trail was influencing these gfoups.

In 1990, Morman tea and dropseed were more commonly found in the canyon
bottdm lacking the trail, whereas rabbit brush and mountain mahogany were
more commonly found in the canyon bottom containing the trail, In 1992,
‘Legi;ij..t_xm had greater coverage in' the canyon bottom with the tr'ailirelativé to
the canyon bottom lacking the trail. Oaks, morman tea, and Senecio had
greater coverages in the canyon bottom with the trail relative to the trail
per se. Lepidium was more frequently encountered in the canyon bottom
containing the trail relative to the trail right of way per se.

Number of species also differed across treatments with more grasses
present in the canyon bottom iacking the trail, relative to the canyan bottom
centaining the trail. Again the mam plaﬁt difference appéared to be between
the canyon bottom containing the trail and the trail right of way. There
were more herb, shrub, and all piant species canbined in the canyon bottam
containing the ﬁrail relative to the trail right of way. Plants tended to be
largely absent from the trail right of way, with surrounding canyon bottom
typically containing twice the coverage of trail per se. Shrubs were

particularly under represented in the trail right of way.
Small memmal sampling

Pinon mice were more common in the canyon bottom containing the trial
relative to the canyon bottom lacking the trail. Trap success in the trail
was higher than that in the surrounding canyon bottom. This is unusual and

opposite what one usually sees. The most salient characteristic of the
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trapping results was the low and highly variable number of mice caught per
grid. The low nx:.;rbers were most likely due to almost daily rain showers.

The cause of the high grid to grid variation in number of mice caught is

unknbwn. A house mouse was caught in the canyon bottom lacking the trail in
the general vicinity of some indian ruins. 'A microtine rodent was-caught in
thé canyon bottom containing the trail. These rodents are usually associated

with mesic habitats.
Rird 1

Bird numbers were too low to allow us to make any meaningful
camparisons. Rufus-sided-towhees were the most common species encountered in

the canyon bottam.
Aquat i -

In both years examined the area lacking the trail tended to have more
species and more individuals per SPe.ciesb relative to the pools in-the area-
containing the trail. A large part of thi§ differerice appears to be due to
the fact that'rrany of the species that were less abundant downstream were
species that are typically associated with rocky substrates. The area‘
containing the trail tended to have pools' that were 90 to 100 percent sand
bottomed. Iéolated rocks poked through the sand in ma.fxy places downstream,
and i'ligging invariably revealed an underlying rocky substrate. It appears
that the trail reduces plant coverage and increases erosion into the stream

channel with cascading effects onto the stream living species. These
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indirect effects (Morin 1987) appear to play major roles in many sysf:ems
including in othef aquatic systems (Woodward and Mitchell 1991). Increased
erosion into the stream may be one of the more important consequences for

heavyl trail usage in this narrow canyon.

MANAGEMENT IMPLICATIONS

The canyon bottom in White Canyon at Netural Bridges National Monument_
is quite narrow, in scme places only 25 m wide. This means that the trails,
which are largely devoid of vegetation, are removing a sizeable portian of
the vegetation in the canyon bottom. How this potential reduction in stream
nutrient input is affecting the stream is unclear. Ii'x stream systems this
input can be crucial (Moss 1980).

Comparisons of stream substrate in the area containing or lacking the
trail reveals a large shift from primarily rocky bottoms in the area lacking
the trail to predaminantly sandy bottams in the area containing the trail.
The -proximity of the trail to the stream, the lack of vegetation in the
trail, ‘and the difference in the nature of :the pool ‘substrates, suggest that
the trail through removal of the vegetation is leading to major habitat
changes in the stream. Correcting this problem will be difficult.
Restricting travel to the stream channel, would likely solve the problem,
however, enforcement of this optien is not very workable.

The amount of hiking traffic between Sipapu and Kachina bridges appears
to be more than the local vegetation can bear, as reflected in the many

differences between the canyon bottom containing or lacking the trail, er the



66
trail per se and the surrounding canyon bottom. We can imagine three options
to deal with this problem. The most effective, yet most extreme, is to close
the trail, only allowing hiking down to the area around the two bridges. The
secoﬁd option would be to pave the trail to prevent further erosion. This
would stop the problem at its current state. The_negative: consequences of
this option are its aesthetic and finaﬁcial costs. The thifd.opfioﬁ, woﬁld
be to relocate the trail away from the stream bank as much as.is possible.
This would reduce the erosion problem and shift dléhe human impact away from
the more mesic area and into the drier habitats more cammon in the monument.
We would suggest this third option.

Several techniques could be used to direct human traffic patterns in the

canyon bottom. Informational signs discussing the negative consequences of

- the trails for the stream iﬁvertébrates and riparian vegetation could be put
up under both bridges. The signs would end by saying follow the arrows to
stay on the trail. Where the preferred trail crosses another one that goes
closer to the stream, downed branches, or rocks can be moved into place to
show which way to go. Arrows can be added at these places if the public does

" not take the more subtle suggestion. An excellent way to keep people on a
trail is to give them a éositi\'re reason to do so. For a small amount of
money the Park Service could use its staff in Moab to prepare an interesting
interpretive hike along the canyon bottam. Put 50 nurbered posts in along
the trail numerically keyed to a 4 or 5 page brochure. Tell the names of |
plants, or rock strata, explain erosion patterns, name birds nests, or pack
rat middens, tell how that plant was used by prior inhabitants-of the canyon,
or by other animals, give ages of trees, etc.. You might discuss all these

., things once, then repeat ‘them agaiﬂ later in the canyon as a self test for
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the hikers. Each post could also bear an arrow pointing not only where the
next post can be found, but also the direction you want the hiker to take to
reduce trail effect in the canyon. Tnis latter approach is desirabie
b_ecau'se you may ameliorate the erosion problem at the same time as you make a

valuable addition to the hike itself.
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fadle 3. continmes,
Comparison acrass tris i and Z

X, 5.t

}

Species 20 r2ad roac prasent Vanz Rhitmey 3 test
Popuius 2530, 315.§ 2287, 1i0.8 1493§
Sarariy ©O0E, IIT.8 £24.9, 148.8 11549
Atzinier- 1283, T2 30%.¢, 78.8 SSY;
Ariemisia tri- 396.3, 1iT.6 733.9, 163,27 113
Sarcopasus  199.2, 185.3 2285, 513 10889
Cargsothamaus  363.7, i46.1 3841, 123.2 1821
Salix exiqua . iiz.§, Ti.% 2381, 843 12135
Irigeren 205.4, 33.3 12,6, 24.% 11844
Spuziia 6.7, 5.9 i56.8, 45.4 343¢
Lepidiam 117, wg 33.5, 193 11647
Sparoasius 40,6, 37.9 508.8, 86.Z 8356
Stipa hyren-  46.0, 14.35 39.6, 23.% 10472
digtichiis 3.7, 131 108.2, 84.2 g
Myhienbergia 208,27, 7Ti.d4 131.8, 33.2 11696

€D CP T3 6 ED CI €D O O €T D =
-

alue
00032
00zt
Ll
a7
L2813
26§
it
13
JStoi
A7
001t
A1
£.003¢
0.335



tapie 3. cozzinuec.

Compar:saz across tris Z and 3

! i, s

Species L iz oroad . v3ad present Varz Rii:oey U test  d.f. ? vaiuze
Popuius 08€.7, 46 28,7, 168 10 . C 8.3
Tazaril .G, 474.9, 48. iy -l LIS
Aizidier . 309.4, 718, 273 1 $.00¢
Arienigia 17i- , 733.8, if9, 2580 L ¢.

2400 i
376

-
(3]
>

Sarcapazus

Chrysothacmus

Crr b0

i,

- - - - - -
- €D €D Lad I D ED CD CD CD D CD Y 3
-

[

..

I OO €3 ~) €3 D €3 PP o € L €Y O
. - . - . - - . - -

O LI CP CY UL CECET S ED T ED I CD

8 :

¢ 8 ?

g 33,8 i t

¢ 2.3 g {.1

4 84.3 3 5.3
Saiiyerigua  ITLE, L 1393, 643 2173 ¢.49:
Srigeror 0.8, 1 7.6, 24.¢ 2402 1 6.239
. Oouztl 0.6, ¢, 136.8, 45.4 2683 i £.669
Lepidium 3.5, 33,5, 3.3 2433 i 0,344
‘Sporakojas i78.3, i2 308.8, 80.z 2930 : $.503
5292 aymen- ; . 99,8, 23.8 2610 i 0.01§
Disiishiis 42,0, 238, 09,2, 84.2 2193 i $.722
Munlendergia  76.7, 33, 131.8, 59.2 1 §.688

23iC
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fabie 4. Comparisoms of pian: coverages for total coverage and coverage for Brial esoiogica.
piant grawpings at Caryomiards iz 1330, Comparisoms were made Detweer ap area of Sait Creek
namyor that acked a road {sr: i}, an area immediately downstreaw iha: contaimed a road {irt Zj,
ané the road rigat of way per se {tr:i 3}. Statistical comparisons were made sIil ANOVAs deiweer
ail three treatmepts, then contras: anaijses were used o compare tri i to trt 2 amg triZ o ird
3, t= staz}sticaiiy significant foliowing Sonferrozi pracedure,

I+5.0, ie cps¢

3jan: ' IS < O B el Statistics
Grouping
Total grass 450 + 103 1050 ¢ 3490 740 - 1440 7= 1.4, %, 327 6.5, p < £.500ix
450 + 163 1050 + 149¢ : F=s 147, 1, 327 4.8., p < G.00GE®
3050 « 2490 740 ¢+ 1440 = i1, 32188, p=0.231

$oial derds 666 + 1030 790 + i0OC 90 + 20{
E60 + 1096 T80 + icCC
109 + 100C 50 o

6.5, 2, 301 ¢,
i, 327 d.
1.1, L, 34

" . n
§-a0
Lad
-
[ RN e BN 1Y
- - -
- e -

~>
<>
o™

<

Satal sirubs 168C ¢ 1530 1640 ¢ 233 e M ¥ 63,1, 327 4.5, p=G.003¢
1680 ¢+ 2330 1640 ¢ 2550 F= 0.0, 1, 32148, p=0.503
1640 ¢« 2550 0+ 70 F=il.2, i, 327 4.§., 3 = C.0Ci8

Total trees 3530 + 459C  7i0 + 2360 670 < IS53C
. 3530 + 4530  T7i0 + 2360
710 + 2360 670 + 1530

‘25-8, 2, 321 d-i‘y p
41,5, %, 1 4.8, 2
6.C, I, 327 d.i., p

xy S emy
[T 1] 11}

Total coverage 6360 ¢ 4580 4490 + 3730 I330 ¢ 3320
‘ 6560 + 458C 4490 + 3730 :
4490 + 3750 2530 ¢ 3320

2.4, 2, 327 d.§., p ¢ LO0CIE
: 1327 4.8, pocBLO00IE
12.9, 1, 327 d.£., p < 0.0001%

ox emy om

"o
’-
wcy
o
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%abie 5. Comparisors of the ireguemcy of varisus piart species in the meler sguare piamt guadrazs in 199i. fhere were
20¢ guadrats in the area iacking a raad {tr: I}, 200 iz the area conzaining the road (tz:i Z}. and an additiomai 4C o
the roaé per se (trt 3). Data amaiyses were performed on ike actuzi couris B3t tte freguency. Ko test means that N
¥as t90 33}, t0.meer the assumpisas of the test. * = statisticaily sigmificant fojlowiag 3onferrani procedure.

’ proportion of guadrats occupied (Ko.) statistics {shi square, p;
Species it l trn l ired overail {2 d.5.7 trt iwstro (3 d.E.) wrt 2owstrt 3 (1d.f.)
Popnizs - 0.25 (49) ©.04 ({5j  0.63 (i) 4.9, cC.C0i® 78.4, < G.001% ' C.0€, > ©.5C
Tapariy 0.03 (5) ©.19 (38) §.50 {0} 44,9, <G00 190.%, < C.0Q1f% 8., < €.025
). ;ridencaza €.2¢ {3%; .18 (31) 6.5 43 8, s 0.7, > 8.50 3,36, 0 6,03
). campescris .16 {31} C.36 (3} £.8¢ {6 18.Z, < €.00it 1.8, < £.001¢ 20 test
3. erigua €.32 164} §.5% (38} .53 (i} 4z.3, < {.CCl 32.4, ¢ ¢.00:¢ 1.63, » G.C3
). capescens  0.:3 (26) 0.69 (37) 0.3 {i} 3.2, 6.7 2.4, > 0,05 1,72, » 0.65
Chrysothammus  0.18 (33) 0.317 (33)  §8.05 ¥ 3.7, > C.10 ¢.., > 0.9 3.58, C.085
fagiiiez .28 {55) 6.i5 {36¢) 0.00 (0}  18.8, < C.OCit §.4, < G.065 ¢.80, ¢ £.C:
0. 2aiiida 6.07 {13) ¢.i19 (38) 8.5 (¢ 20,9, ¢ C.00it 14,6, < €.0018 3,60, ¢ 0,6C5
Machaeranthera ©.i0 {13) 0.23 (45) 6.20 (8) 12.9, < 0.005 i2.6, < ¢.001¢ .16, > 6.90
Clematis .11 (22) 0.63 (27 5.00 (o)  z2.¢, < 0.00if i7.6, < €.00:6 no test
¥, aiba 2,72 (44 CG.69 {:§;  €.03 {I)  iB.8, < 0.00i% 13,0, ¢ 0.001¢ 1.90, > 0.10
Eeteroipeca 8.15 (29) 0.14 (28)  5.08 (3) 1.5, > 6.50 9.2, > 0.30 1.43, > 0.2
dypenovavpys  0.05 (9) .32 (23) 0.05 (2) 1.1, < 0.05 6.6, 0.01 i.32, > 0.10
Opuntia 003 (3} -0.69 (i) .80 (0) 109, < C.005 1.8,. < 8.005 3.85, 0.05
Sphaeralcea 8.03 (&) .16 {32} 6.65 (2} .9, < C.001¢ 9.6, < 0.00i* 3.38, 0.06
?heiypodium .08 (33) o0.01 (i) 0.00 (0) 1i5.5, < 0.001% 12,8, < 0.001¢ R0 iest
§tina g.6c {0) 6.07 (i3) 6.00 (0) i7.0, < C,001% 13.4, < 0.001% .13, 0.25
Muhjenbergia  ©0.13 {26) 0.21 (42) 0.03 (2} 8.8, < 0.025 4.6, <0.05 5.10, < 0,025
Sporohojus 0.22 {43) 0.35 (70) 0.i3 {§)  iz.3, <C.003 9.8, < £.005 6,30, ¢0.025
Distichlis c.:3 {26) .31 (€2)  £.33 (13}  10.5, < 0.001% 10,0, < G.001¢ 6.54, > C.9¢
Muhi and Dis  0.26 (52) 0.52 {i04)  €.38 (13)  28.9, < C.001¢ 28.4, < €.001 2.0, > 0.1¢
dorosis ain .22 (44) 0.07 (i4) 0.00 (0) 26.1, < 0.001¢ i8.2, ¢ 0.001¢ 2,91, 0.08
Stiva hymen-  €.06 (12). 0.32 (64) €.08 (3)  49.2, < 0.00i¢ 44.G, < 0.001t 16.08, < 0.0035
jtacus ¢.19 {(37) ¢.08 (:3) 0.63 (i) 1S, < (.00l 10.8,

¢ 0.005 1.52, > 0,05
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gabie 6. 1991 comparisons of proportion of the vaiume occupied by piamts in the
bypotheticai cubes iocated over the piant quadrats at Caryomiaxds. Comparisens were nade
" between guadrais iocated in Sali Creek Canyon in am area iacking a roa¢ (trt i), in an
area vith the road (trt 2), amd in the road right of way (trt 3}. fThe test parameters
were highly nonnormal and were aniyzed with nomparameiric statistics (Kruskal-Raiiis
tests = KN, or Marp-Whitney U tests = MH). Each cube was i m x i m in Pasal area. The
test statistls for "volume occupied” is the proportion of the voiume occupied, which was
scored as: 1:=0-25%,2=26-508%, 3=31-73%, and 4 =176-300% %=
statisticaliy significant foilowing Bonferroni procedure. ‘

Volume occupied

mean ¢ S.E.

Variabie tre i trt 2 s 3 Statistic
Cube 0 - 0.5 o pigh 1.4 40,05 i.,1¢0.03 0,6¢¢C.08 FR = 55,4, p < 0.000.
1.4 40,05 3i,1¢0.03 Mi = 22568, p 0.002¢

1.1 +0,03 0.6+0.08 K = 3733, p < 0.0001%

Cube 0.5 - 1.0 mhigh 1.2 +#0.06 0.%+0.04 6.0¢+0.03 R = 98,8, p < 0.0001%
1.2+0.06 0.9¢0.04 WR = 24440, p < 0.0001*
0.9 ¢0.04 0.0+0,03 MR = 6889, p ¢ 0.0001%

Cube 1.0 - 3.0 o high 0.5 ¢ 0.05 0.3°+0.04 C.1+0.08 §K = 87.8, p < C.0001%
0.8 +0,05 0.3¢¢0.04 HR = 27885, p < 0.0001¢
0.3 # £.04 0.1+0.08 ¥R = 5011, p < 0.0001¢
Cube > 3.0 = digh 0.340.03 ¢€.0+0.01 0.1¢0.,04 W = 44.8, p < 0.0001%
0.3+0.03 0.0¢0.01 HR = 24400, p < 0.0001*
6.0 + 0,00 0.1¢0.0¢ MW = 3920, p=0.52
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fabie 7. Mnaiyses of planc coverage daia (cm sauared) for the more abundant species it Saii Creek Canyon a:
Canyoniands in 991, %he data were bimodai and araiyzed with nonparametric statistics. Re compared all tioree
treatments, or the canyor bottom iacking the road to the canyor bottom contaiming the road, or the camyon botton
sontaizing the road to the road surface per se. Statistics were the Kruskai-Raiiis nonparametric amaiysis of
variaace for comparing aii three treatments, or the Mann-Ktiteey § test for comparing azy two treatmemts. * =
statisticaiay sigaificant ¢oliowing the Bonferroni procedure.

1+8.E Statistics
tre i tre 2 Ctre 3 0 - abl three | trrlwsd o it Zwsd

Species no roac roaé present in road o S
Populus 1367 + 223 i67 + 87 250 4 250  42.5, < 0.0001t 24238, < 0.000i* 4058, G.66
2amarix 457 + 118 467 + i13 0 0 9.9, 0.007 20680, 0.39. 4680, < 0.003
A. trideptata 481 + 87 4+ 70 3¢ 3 6.2, 0.045 20889, 0.23 4466, (.03
b. campestris 68 + i3 i8¢ 8 6+ 6 17.7, < 0,0000c  22:i7, 0.00if 4200, ©.138
S. exiqua 1157 + 180 88 ¢+ 30 44+ & 46,2, < 0.0001* 24902, < 0.000i* 4266, 0.136
§. lutea 19+ T A+ 2 0+ 0 13,5 <0.000it 21396, < 0.0001* 40620, G.635
A. capescens 337 + 8 28+ 33 1+ 3 5.1, 0.0718 20919, 0.135 £243, 0.182
Chrysothamnus 245 ¢ 64 270 + 67 5+ 12 4,6, ¢.101 20169, 0.826 4506, 0.042
Castilleja U0+ 43 76+ 25 ¢+ 0 22,6, €0.0001% 22801, ©.%018 4600, ©.009
0. paiiida 5¢ 2 39+ 9 0+ 0 22,8, 0.0001* 37398, < C.0003* 4760, 0.003
Machaeraptpera 13+ 4 ¢ 7 39+ 15 13.9, 0.001 * 17246, < 0.0001% 4079, 0.787
Clematis 176 ¢+ 39 i+ 3 6+ 0 19,7, 0,000t 21919, < 0.0001* 4060, 0.437
¥ aida 3+ N 5+ 43 6+« 6 19.1, < 0.000ir 22643, < 0.0001* 4262, 0.1€3
deterotaeca 09+ 31 76 ¢+ 18 i1+ il 1.6, 0.454 20171, 0.807 4261, 0.238
fimnenopappus T¢ 3 46+ 13 3¢ 2 7.1, 0.021 18568, 0,008 4218, 0.192

naerajcea 6+ 4 4+ 33 2+ 1 20,7, <0.0000t 17470, < 0.0001* 4442, 0.066
tlymus spp ile 47 e U 0+ 0 3.9, 0.i44 19518, 0.338 4320, 0.065
g, candepsis iS¢ 4 ile 4 it 2 .7, 0.260 20526, 0.341 4182, 6.71719
Muhiepbergia i34 + 48 i6d + 31 4+ 12 8.2, 0,016 18502, 0.045 4651, - 0.016
Distichlis i1+ 47 199+ 43 170 + 162 19.4, 0.0001% 16443, 0.0001* 3986, 0.966
Hand D 271+ 66 362 + 64 183 + 102 20.2, < 0,0001 15593, 0.0001* 4555, 0.i31
Sporohoius 67 ¢+ 13 131 ¢ 22 18+ 10 13,0, 0.002¢ 11341, 0,004 4893, 0,007
Morostis alba 353 ¢+ 79 88 + 40 0+ 0 38,4, <0.0001r 24010, < 0.0001* 4280, 0.085

r30psi 4.1

1, € 0,000 14856, ¢ 0.0001* 4987, 0.002¢

. Qrzopsis Ty 1 24+ 43 i+ 13
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fable 8. 199: analysis of plant coverages (in ce squared) in four ecoiogical piant groupings, across three
treatments. The three treatments were: trt i = area jackiag road, trt 2 = area containiag the road, and ¢rt 3
area in the road right of way. Statistics were either Kruskal-Kailis nomparasetric amaiysis of variance tests {=
RR), or Yama-Wpitzey U tests {= MH). = statisticaliy sigaificant foiiowing 3oneropel pracedure.

coverage it cm squares (X + §.E.} _
Zcoiogical gfuuping 144481 trt i 444K Statistics

fotal tree 1832 + 244 653 ¢ 141 250 +-25¢° - KK = 33.0, p < C.0C0I* .

1830 ¢ 244 633 ¢+ 14 MR = 2426i, p < 0.0001%

' §53.0 141 230 ¢ 250 - MR = 4763, b = 0,005

total ner 1156 + 136 620 4 61 132+ 43 R = 7.4, 3 < 00018

116 + 116 620 + 61 W = 22117, p = 0.066

620 + 61 i3z 43 KN = 5881, p < 0.0001*

Totai grass 753 ¢ 16¢ 979 + 97 224 + i03 KR = 35.3, p < 0.000i*
154100 99+ 07 ¥R = 15578, p < 0,001

979 + 91 224 + 103 ¥R = 6180, p < 0.000if

7otal shrub M99+ 210 859+ 131 B+ 12 K = 95.9, p < 0.0001¢
' 2499 + 210 859 + 131 WK = 28458, p < 0.000it

' 850 + 131 254 12 A = 5137, p ¢ 0.0001¢
fotal coverage 6660 + 311 3558 4 312 €21+ 213 KR = 130.8, p < £.0001
§660 + 311 3558 + 372 N = 29551, p < 0.0001%

3558 + 372 621 +2M3 R = 7212, p < 0.000i%



gabie §. %ot} number of individuals of each species caught on each grid over four nights of trappings in 199C. RBack
"ipdividual was counted only once, even if they were recaptured, 4 = statistically significant foilowing Sonferroni
procedures.

Yumber of individuals

area with road : area iacking a road
Grid ne. . 6rid 2o, : Statistics
Species ooz 0304 1 S.E. 7 % & 5 . %  SE  torl* p
Peromgscus poylii 7 % 7 17 7.5 .3 4 16 4 13 ii.g 2.9 12t 0.4
P. truei I 12 3.3 01 ¢ 0 0 0 c.e 0.0 ¢t 9.013
D, paniculatus y 10 11 1.8 2.3 308 1 10 33 Ll 6.7 ¢.50
. gifficiius R S 0.8 -ee 6 ¢ 1 0 8.3 --- -e- ===
Reithrodogtomys :
negajotis i 0 g 9.3 6.3 1 42 2.5 1.3 &0 0,007
Neotoma ajbiquia 6 8 1 0 3.8 i.9 5 ¢ 1 4 15 12 0.5 0.60
. pexicana i 2 00 0.8 6.3 1 8 9 16 8.5 0.6 9.6 0.0001%
Dipodomys ordii 6 3 2 ¢ 1.3 0.8 P 0 0 0 ¢t ¢€.0 8 0,131
¥o. of species 17 6 § 3 6.0 0.4 5 5 6 5 3.3 0.3 .6 0.17
Fo. of individuals 26 42 14 21  25.8 5.9 31 3 20 39 30 40 0.7 0.49

8%
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fable iC. So:al nuber of smali mammais caught per species , total number of species, amd totai number of
snall mameais caught per grid in 1991 at Canyonlands. Statistical compariscas were made between tour grids
jocated in a canyor bottom containing a road amé four grids ieocaied upstream in am area tacking the road.
= statisticaiiy significant foilowing the Bonferroni procedure.

» area iackirg road area containing road statistics
Species _ mean, S.e. - med, S.¢. i or MWY (=f), ?
Reithrodentomys ' ’ B .
neqajotis 4.5, 2.2 1.6, 0.9 - 1.16, €.28.
Peromyscus poyiii 3.3, 1.4 0.8, 0.8 1.34, 0.17
B. crinitus 6.8, 1.1 1.8, 6.5 4,14, 0.006§
?, truei 0.3, €3 2.5, 0.6 3.25, 0.01
P. manicujatus i6.5, .1 3.5, 1.6 4.21, 0.0064
" Perir and Pboy 16.0, 2.3 2.5, 1.0 2.96, 6.025%
M1 Perompscus 26.9, 4.2 10.5, 1.3 . 3,11, 0.0
Neotoma megicana 4.0, 0.8 1.3, 0.5 2.9, 0,021
K. cinerea 3.3, 1.7 0.0, 0.6 14¢, 0.047
X, aidiguia i, 1.0 1.3, 0.3 6.23, 0.81
Al! Heotoma 8.8, 2.6 2.3, 0.6 16%, 0,029
. Dipodgmys ordii. 1.3, 0.9 5,00 - 0.19, 0.8%
: .?otai nice 2.8, 6.0 ' i6.3, 2.2 .4.'14. ¢.0064

"%otai no. species 6.5, 0.3 6.3, 0.5 0.45, 0.6



bz
oapie ii. Comparisons of pooi characteristics or mumber of individuals or species preses: in Jume 1990 ir i3

poois in an area iacking a road {trc I) and in 20 pools ir az are containing a road {irt 2) in Sait Creek
Cayon. § = statisticaliy significant foliowing the Bonferroni procedures.

Locatioe (X, S.E.)

Comparisor tri 1 trt 2 <. {t or uNUt, p)
Notonectids 1.6, 1.5 20.8, 1.3 0.073, 0.94
Damse:iiies 1.7, ¢ §3.3, 3.2 738, 0.033
3ufo tadpoies 66.1, 4i.3 93.1, 3.1 0.38, 0.711
Rhiriigigs 9.2, 9.9 34,6, 17.3 174¢, 0,092
Hater striders 29.8, 1.8 29,0, ii.4 iglr,  0.253
forse pair wms 1.9, 1.0 0.8, 0.3 141%, 0,638
Coieoptera 8.0, 3.7 2.1, 140 115¢, 0,526
Pool area (m sg) 8.0, 2.7 5.9, 4.0 08¢, 0.530
Ko. species 5.4, 0.6 5.4, 04 £.63, 0.9¢3
No. individ, 186.0, 55.0 1.1, 9.5 130%, 0,985
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fabie 12, Comparisons of pooi characteristics or number of species or mumder of individuals betwees 13 poois
in an area lacking a road (trt 1) and in 20 pools containing a road (trt 2) in Salt Creek Canyon iz
Canjonlands. The sampie was coliected in iate Juiy 1990. § = statitically significant foiioving the
Bonferroni procedure.

Comparison

Kotonectids
Damseifiies
Bufe tadpoies
Whirligigs
Rater striders
Horse hair worms
Coleoptera
Snails

Pooi depth (m)
Pool area (sq. @)
Ko. species

¥o. individuais

Location (X, S.E.)

tre 1
i6.0, 2.8
30.7, 1.3

3.2, 1.8
24,3, 1.1
0.3, 8.5

id4, 04

4.6, 2.3
11.9, 4.4

6.25, 0.04

8.1, 3.05

6.6, 0.44

il4.1, 24.53

trt 2

-
-
-

= b=t Dy
- - -
- -

I — - N I RV
~ ~

Py

OO r S L3 O o 2
e e e & e e e e
- O D W sy o O

WU ) P md WD L S e
- .

o
oy

0.25, 0.04
13.1, 2.48
£.7, 0.36
112.3, 3%.76

Statistics.
(t or MRUt, p}

i.84, 0.076
1.28, 0.213
60%, 0.453
£.46, 0.65
8¢, 0.734
i28%, 0.0001%
0.39, 0,703
8%, 0.052

0.04, 0,966

1.3¢, 0.220

3.18, 0.004
45¢, 0.126
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gabie 13, Comparisoms of number of individuais per species per dip nei sweep between poois in an area
containing a road (trt 2) and pools from an area iacking the road (tr: 1). Sweeps were made in late July
1990 in Sait Creek canyon in Canyoniands. # = statisticaliy significant foilowing the Boeferroni procedure.

Location (X, S.E.) Statistics
Species ! 4 44 W trt 2 (MWE, p)
Notopectids - . 0.62, 0.1% 6.33, 6,09 .3353, 0.092
Damselfys 0.64, 0,26 0.19, 0,11 3406, £.005%
3ufo tadpoies 0.2, 0.02 0.41, 0.12° 2717, 0.027
Whirlygigs  1.13, 0.37 0.48, 0.13 3170, 0.474
Rater striders 0.98, (.33 £.37, 0.07 3262, 0.306
Coieoptera .11, 0.08 9.04, 0.04 3107, 0.221
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tabie i4. Comparisons of number of aguatic organisms observed im 195: in poois 1n 2t
area containing a road (tri Z), or in an area lacking a road (trt 1) in Sait Creek
Canyor in Canjoniands. Pool characteristics ané rumber of species and number of
individuais observed per pooi are also compared. & = statisticaily significamt
foiiowing the Bonferroni procedure = 0.05/5 = 0.C1 for species comparisons.

3 .

. . punber Seen per pooi t test * or .
fana . tri 1 trt 2 Hann-Rhitney © D
Notonectids 8.3+ 1.9 ibd+ 42 © 8 0.277
Damseifiys 36,6 + 6.4 66,0 ¢+ 17.3 92 .39
Raterstriders 0.3+ 8.7 56.3+ 160 il 0.693
Snails o, 21,8 + 101.8  385.4 ¢ 264.3 14 0.950
Bufo tadpeies 9.9+ i3.5 70,9+ 66.4 130 0.438
Total species
per pooi 6.3¢. 0.3 6.5¢ 0.3 0.46% 0.645
fota} individuais
per poci 310.3 + 88,6 659.2 + 273.0 83 ' 0.221
Pooi surface ,
area (m sq) 14,84+ 3.7 112+ 5.2 0.37¢ 0,712
Pool depth (cm) 297+ 45 .1+ 4.6 0.88¢ 0.386
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gapie i5. Resuits of 1991 chi square amaiyses exaiming the distribution of aguatic
organlsms across poois in two treatments. The iwo Treatmepts were ar area
containing a road ard an area lacxlng a roac it Sait Creek uanyon at Canyonxanns.
The tesi examines presence or absence in pooxs as a resuit of the visuai survey.
Aii.comparisons have i degree of freedom. * = stati ticaily significant foiilowing
Bonferroni Jrocedure.

faza . area lacking road area vith road chi square P
Eydropeitid 6733 izfis 5.0 < 0.05
iarvae

Dragonfiy 315 3/i3 6.0 y 6.9
Bufo tadpoies §/15 115 .1 > 0.50
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abie i6. Resuits of chi square anaiyses eramining tie distribution of seven faxa it
sweeps across poois aiong a four wheei drive road in Salt Creek Camyom, or from an
ares tnat iacks the road in 199i. Ail comparisons nave i degree of freedom.
Sampies were the resuits of dip met sweeps. * = statisticaily sigoificant foiiowing
the Bonferroni procedure = €.05/7 = 0.0C7.

)

Number of times present in a sweep

fara area jacking road area with road chi square - p
Notonectids 10/:59 43/140 5.6 ¢ §.02
Brn damseifiy 764159 §4/140 : 8.3 < 0,0ir
Whiriygigs 60/159 52140 8.0 > 6.50
Rater siriders 677159 68/140 0 y 0.50
Eydrophiiids 4/139 97140 .1 6.10
Gre damseifiy 137155 13/140 0.8 > £.50
Spaiils 36/139 13/140 1i.3 < 6,01t
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fabie 17. Resuits of 1991 experiment at Canjoniands in which wire mesh paskets were piaced 1nic

- salt Creek at three iocations: immediateiy beiow road crossisgs (= trt i), immediateiy above road
crossings (= trt 2), and upstrean of the end of the road (= trt 3). EZach basket was {iiied witk
smaii stones. In ome daif of tae baskers at each iocatisz sand was added fo Iiij the interstices
betweer the stomes. Re coiiected the baskets at the end of the experiment and measureé sand voiume
and made coudts of numbers of individuais of the various species that 2ad occuppred the daskets. *
= gtatisticaiiy significant foiiowing the Bonferroni procedure.

Variadie

Sand voiume (mi)
No. tadpoies

¥o. damseiflies
fotai indiv.

Total species

o

. .
= et B NS D D PO NS

T Ot bt D D 0O OO

- - e - > e >

OO O OO S o o
- -

L2 LI D WO D O LY

{E + S.%./ver cage)

Location
tre Z

23+ M
0.04 + 0.04
0.04 + 0,04
0.29 + 0.14

trtld

117 ¢ 3
1.21 ¢ 0.45

.21 4+ 0.13
2.08 + 0.54

.08 ¢ 6,24

statistics
F=429
KW = 9,32
KN = 325
KR = §5.21
W8 = 228
KN = 3.2,
MR = 288,
KR = 4.49,
WX = 283,



Tapie 1. Coverages {mear, s.e.} in percentage of grouxd covered, for individual
- species :n i m square plots a: Arches Xationa Paxk, The data were s0llecsed in
thie arez iacking a irail above the bridce crossing Courthouse Rash pear a..
3}, the area below this pridge that coztaiss a neavily used 2ixipg trail {7vi i),
che traii righe oF way per se (%ri 2}, * indicazes tfat lhe opserves diilerence

ssatistical.y sigmificant Soilowing the Jemferanzi pracedure = {.03/% = G.UIG.

Stasistacs

Speaies FrooL 44 Trid %or WRTs 6.2
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fapie 1%, Comparisons of the proparsion of one meter sgare pials tial were of ;p.e. Dy COTROT piamts across
-hree fgzations in 1397 1z Courtaguse Wash at Arcles Nacismal Fa ri. The tiree eatnnnts were: ri I, ared
~ 2bgve the n::uge over Ssurtnouse Hash waish ‘asks @ fikung tras., Sre Z area peiow this dridge which has @
apavily use* *'x.“a ::a... and 5:: 3, wishin cae trail rigar of way., Chere were G piots eact in
creatmests : and 7 amé 30 in crearmert 3. The data were aralyzed wiin cti sguare tests, ® = statisticaly

significart ia‘.ouzng ihe Banferana: pracedure = {,{3/§ = I.LGE.

Proporiion (cumper) Scatistic

Siant Speces b Tl il overaii fre.vsimil  Truiwvsind
fupsus 6,35 {18} ©.21 {27) .34 817 43T, o03 0 L6, 0D {78, oS
¥, aida 654 (34) 0.40 (40) 0,28 {14 4.7, €I 3.9, <633 .08, 00,85
Muniectersia .28 {19) 0.27 (27) 0.26 (13} 1.3, 00,83 1.BZ, X003 {22000
Bovuius 6.22 (22} 0.18 (i8) 8.:0 i3} 3.26,>8.03 .30, >0.03 .83, 0003
Saiir exigua 3,47 (42) 0.35 (35) 0.2 (6} 1377, «0.8Cix 1,04, OC.0O §.33. <£.02
iaga;'x 2,40 {48} €.20 (21) 0.04 (4} 23.85, «C.0Ci* 8.5, «£.CC .48, <00l

Zoujsetu 2,00 (6) .1 {i) S0 (3 g6, <600 IILB4, €00k L3, 0005
cggzso:gamnus 0.0 (31} 0.2 (22) 5.04 (2} i6.20, <£.01 0 436, <003 §.04, .82
Apbrosia 8.01 (7)) 0.7 {iZ) 0.0 (8) I.81,08.05  1.46, >C.33 £.5¢, 6.063
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gabie 20, Plant coverages (mean, s.e.) in percentage of the ground covered, for
ecoiogizal plant groupings at Arches Natiomai Pary in 1992, Data were coilected from
three sites: 7Trt L, canyon apove pridge across fiorseshoe canyon mear “Tne Haii" (= aree
iacking heavy usage of a hiking trail), 3rt Z, canyox beiow tiis same pridge {= area
receiving peavy hikimg traii use}, and Trt 3, in the trail right of way per se, *:
statisticaii} significan: difference foijowing the Bonferonni procedure = £.03/5 = 6.01.

Ecoiogicai
Piant grouping
Hetd

Grass

Shrub

free

Potal Plant
Coverage

% of ground covered -

it

11.08, .84
i1.08, 1.84

oy L

3, 1.8
3, 1.89

— s

1
1
29.76, 3.4
29.76, 3.14

§.02, 1.88
§.02, 1.88

59.32, 4.69
59'32, 4-69

Frt 2
9,94, 1,85
9.9¢, 1.85
9.94, .85
9,38, 2.36
9.38, 2.36
9.38, 2.36
21.14, 3.31
21.19, 3.31
21.19, 3.31
1.3, 2.41
1.35, 2.41
1.35, 2.4
64.33, 5.4
64.33, 5.4
84.33, 5.4

S €ad LAY po

Frt 3

3.35, 1.29

3.23, 1.29
2.0, 1.08

.03, 1.2%

1.79, 1.60

20,53, 3.89

Statistics

.Hor WO} 4.5, o

20,5 1 6.0001
56988 1 0,084
32058 1 0.603
0.0 2 0.8%8
859 i 0.666
23614 1 0.784

.28 2 0.0001
923 1 0.04
k1 0.0000

Lot 2 013
5198 1 0.510

amn 1 0.4

%08 2 0.0001¢
Bt 1 0.799
W51 1 0.000)
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fabie 21. Humber of piant speciesll ® sq quadrat (mean, s.e.) for ecoiogicai piant
qrouy.ngs at hrches Nationai Park in 1992. Data were coilected from three sites: frt 1,
canjon above the bridge crossing in Courthouse Wash near “The Raii" (= area lacxlng a
heav1ly used hiking traii), Trt 2, canyon beiow this bridge (= area containing a weii
used hiking trail), and ?rt 3, in the traii right of way per se. * = statisticaliy
significant difference following the Bonferomni procedure = 0.05/5 = 0.01.

No. species/ i @ sg plot.

Ecological : ‘ : Statistics -
Piant grouping fre i frt 2 frt 3 gor WRUF ¢.i. p
Herb i.0, 0.1 0.8, 0.0 0.5, 0.1 YA | :  0.00Cix
i.¢, 0.1 0.8, 0.1 57893 1 0,036
. _ 0.8, 0.1 0.5, 0.1 30684 1 0.04
Grass 0.3, 0.1 0.3, 0.1 0.3 0.1 0.04 ! 0.9
0.3, 6.1 0.3, 0. 43714 -1 0.928
0.3, 0.1 0.3, 0.1 24768 i 0,904
Shrup 0.9, 0.1 0.8,0.1 0.3,0.1 32,92 2 0.0001t
0.9, 0.1 0.8, 0.1 5443} i 0,235
6.8, 0.1 0.3, 0. 35524 1 0.0001t
Tree 0.2, 0.6 0.2, 0.i 0.3, 0.0 3.68 2 0.1%9
0.2, 0.6 0.2, 0.1 . 50008 1 0.489
' 0.2, 0.1 0.1, 0.0 2254 1 0,158
All Planis 21,01 25,01 11,02 21.08 20,0001
' 2.7, 6.1 2.5, 0.1 52424 1 0.541
©ous 01 LT, 02 34584 1 0.000it
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fabie 2Z. Compazisons of the proportior of ome meter sguare piots tbat were occupied by piants of four
ecoiogical piant groupings across three iocations in 1392 in Courthouse Wash at Arches Natiomal Park. The
three treatments were: Frt i, area above the pridge over Courthouse Wash which iacks a hiking traii, 9rt 2
area below this bridge which has a heaviiy used hiking trail, and Prt 3, within tde trail right of way.
Taere were 100 piots each in treatments 1 ané 2 and 50 in treatment 3. The data were anaiyzeé with chi
square testsh '* = statistically significant foliowing the Bonferomni procedure = 0.05/5 = 0.01.

Proportion (number) i Staiisticsv
Beoiogicai grouping 4408 re 2 7t 3 overali- Trt lws Trt 2 - frt Z s Trt 3
Totai Hert 0.78 (78) 0.62 ({62) 0.42 (21) 19.27, <0.001* 6.08, <0.02 5,44, <0.02
Totai Grass 0.21 (27} 6.29 (29) 0.30 (15) 0.i9, »0.05  0.10, »0.03 0.01, »0.85
fotal Shrup 6.73 (73) ©€.74 (14) 0.22 {i1) 45.64, <0.001% 0.02, >0.05 36.59, <0.00it
Total Tree 0.23 {23) 0.20 (20) 0.10 (5) 3.69, >0.05 .0.30, >0.05 2.34, > 0,05

- Total piant 0.99 (99} 0.96 (36) 0.74 (37) 33.72, <0.00i*  mo test 5,87, < 0.00i¢
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fabie 23. Totai number of smaii wammais caught. ané a Petersex estimate ol tumber of
smaii mammais present on two smaii mammai ctrap grids iz Coursdouse Wash at Arcdes
Fas:omai Park. Eack gric comiaimed iGC iive traps in 2 5 1 Z0 array and covered
apprommateiy .73 Ha. One grid was jacated above tae Sridge mear "The Waii" ir an area
that receives iigh: Rigiry use; tte other immediately Sownstrean of the pridge, ln ar
area thai reteives beavy usage. ‘

Area witd traii . Area iacking irail
Lo. caugnt Peterser 3. c2ughc  Peterse:
gstimazor estimator |
Species
Peronyscus napicuiatus 18 .. i 3.6
{Deer mouse;}
. noviji T 7.6 8 6.0
{Brust mouse) .
3. crinitus i D0 estimate 0 10 esiimate
Reazoma ajziquia i 10 estimate H --

(White-thzoated woodrat)

B. cinerea A 4.5 { --
(Bushy-tailed woodrai}
Reiihrodontomys pecalotis
{Western Harvest mouse)
Onchymys ieucogaster 0 -- i 29 estimate
{Northers Grasshopper mause) :

Divodomys prdis
{Ori's Kangaroo Ratj
Beroanatius ¢ -- i 2.0
(Packet mouse)

Ail mice 3 40.8 41 33.3
Hustela R n0 estimate ¢ ro estimate

29 esiimate

~>

no estimate

~e

sic

"~
"~
.

-
-
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fabie 24. Results of comparisons of piant coverages for broad ecoiogicai plant groups acress three
treatments at Natural Bridges. GThe three treatments were: tri ! area iacking a trail, trt 1 area
containing a heaviiy used hiking traii, and tri 3 surface of the hiking traii. * = statisticaiiy
sigqnificant folioving :he Gonferomni procedure {=0.05/5 = 6.01). F = £ test, X = Rruskai-Waiiis
ponparameiric F iest, G = Mann-Rhitney U tes:.

% of ground covered

Piant frt il frt 2 fri 3 Statistics
Grouping ‘
Fotal grass 6.7+ 1.2 444+ 1.0 0.0+0,0 K =21.4, 24.5., p=0.000it
6.7+ 1.2 4.4+ 1.0 G = 544, 1d.f.,p=0.293
444+ 1.0 0.040.0 0 = 1370, 1 d.f., p = 0.0001%
Potal herd 3.5+ 0.4 3.3+ 0.4 0.5+8.2 F=4.5, 2, 2174d.t., p = 0.0t
3.5+ 0.4 3.3+ 0.4 P =0.i5, 1, 217 d.f., p = 0.70
3.3+ 0.4 0.5¢+0.2 F=1.57, 1, 2171 d4.f., p = 0.006%
Potal shrudp  45.3 +28.3 213+ 3.3 1.6+ 0.7 K =127, 24d.f., p = G.002¢
45,3 428.3 21,3+ 33 G = 4113, 1 d.f., p = 0.027
0.3+ 3.3 1.6¢¢0.7 6 = 501, 1 d.f., p = 0.0003¢
Potal tree 3.6 ¢ 4.2 443+ 6.1 10.8+¢6.9 % = 10,0, 2 d.f., p = 0072
25.8 ¢+ 4.2 443+ 6.1 U=4240, 1 d.f., p = 0.04
4,3¢ 6.1 10.8¢6.9 U= 1354, 1 d.f., p = 0,006
Total coverage 63.6 + 12.2 72,4+ 6.3 21.5¢ 9.8 K =21.3, 2 d.f., p = 0.0001%
63.6 + 12,2 7.4+ 6.3 0= 4164, 1 d.f., p = 0.04
12,4 ¢ 6.3 21,5+ 9.6 7 = 1616, i d.f., p = 0.000)%
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%abie 25. Plant coverage comparisons for 15 individuai species at Batural Bridges in 1990. Comparisons
are across three treatments: trt i where there was mo trail, trt 2 where there was a heavily used
hiking traii, and trt 3 which was the trail surface per se. * = statistically significant foitowing the
Bonferonni procedure, p = 0.05/15 = 0.003, X = Kruskai Waiiis statistic, U = Mann-#ritney U statistic,
The three tﬁeatnent comparisor nas 2 d.f., the two treatment comparisons i d.f.

Proportion of ground covered

) Hean, SEM
trt i ws C L
o trtZzoestrtd it lesirtz trtZws izt trt i 444 trtd

Species K P ] D [ ]
Gambel's Oak . ii.i 0 0.004 487  6.137 1360  0.002¢ 9.4, 3.9 34.7, 5.3 0, ¢
Horman Tea 21.4  0.000it 6046  0.000i* 3050 0.309 8.3, 2.4 2.1, 1.2 ¢, ¢
fubber Rabbitbush 13.7  0.00ir 3823  ¢.00i* 1273 6.033 4.5, 1.5 10,15 6.2, 0.09
Mountaip Mabogany 13.0  0.002% 4342  0,00i* 1160  0.057 0.2, 0.1 2.8, 1.0 g, 0
Indian Rice Grass 3.73 0,135 5158 0,528  1i30  ©0.0%0 1.5, 0.6 6.9, 0.3 6, 0
Hestern Virgin's
bower 5,92 0.052 4602 0,073 1150 0.066 0.2, 0.08 0.4 0.1 6, o
Dropseed 20,i8  0.0001* 6123  0.000i* 1140 0,077 4.3, 1.1 0.9,0)5 0, 0
Grass spd §.01 0.0i1 4503 0,010 1130 0.090 0.2, 0.1 0.6, 0.2 0, 0
plantain 3.93  0.140 5195  0.437  ii30  0.0%0 0.2, 0.09 ¢.07,0.0Z 0, ¢
Spreading daisy 7.92 . 0.01% 418 o0.014 1233 o6.056 1.0,0.,3 1.9,0.4 0.3,0.2
Artenmisia
dracuncujvs 1.58 0.023 5490 0,034 1070 ¢.255 0.6, 0.2 0.3, 0.1 0, ¢
Prinrose 5.85 0.054 5390 0,068 1060 0,263 ¢.2, 0.06 0.06,0.03 ¢, ¢
Cymopterus 10.78  0.005 4402 0,005  li6éc 0,057 ©.04,0.02 0.2, 0.06 0, 0
fall peppergrass  1.14 0.366 4852  0.495 1072 0.347  0.08,0.04 0.1, 0.04 0.01,0.01
Grass spd 7.01  0.030 4535 0,056 1is0  0.041 0.4, 0.2 1.7, 0.8 0, ¢
fotal number . Number

of species 25.06 0.0001* 3989 0,011 1630  o0.001* 3.2, 0.1 3.7,0.1 1.7,0.4
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fabie 26. Comparisons of the proportion of one meter square piots that were occupied by piants of four
ecoiogical piant groupings across three iocations iz 193C i Wbite Camyon at Naturai Bridges ¥ational
¥opumen:. The three treatments were: fTri 1, area above Sipapu Bridge which iasks a piking traii, Tri Z area
betweer Sipapu and Kachina Bridges which bas a peaviiy used piking traii, and §rt 3, withir tde traii right
of way. There were 160 piois each iz treatments i ané 2 and B0 in treatmer: 3. The data were amaiysed with
cai square tdsts, * = statisticaliy significant foiiowing the Bonferonni procedure = p = 0.0,

Proportion (number) : Statistics

Ecoingicai grouping frt 1 Trt 2 frt 3 overali frt lws ¥rt-2  Trt 2 s frt 3
fotai Herb 0.80 (80) 0.81 (81) 0.35(7) 147, «0.00i* 0.1, >C.05 8.2, «c.001*
Total Grass 0.64 (64) 0.59 (59) 0.05 (1) 24.2, «<o.001 % 6.6, >0.05 ne test
Total Shrub 0.58 (58) 0.78 (78) 0.65 {13) 9.2, «<0.01* 9.2, <0.Gif 2.6, 0.05
fotal Tree 0.40 t40) 0.50 (50) 0.25 (5) 4.9, >0.05 2.2, 0.05 .2, <0.05

fotai piant 1.00 (100) 1.00 (100) 0.80 {18) no test no test no test
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fabie 27. Frequency of occurrence of various piants it i m square piamt quadrats ir.
Natural Bridges near Sipapu Bridge in 1990. t = statisticaily significant foliowing the
Bonferonni procedure = 0.05/16 = 0.003. Ko test means that sampie sizes were too smaii
to meet the assumptions of t{he test.

]

Species © Proporiion of piant guadrats occupied per grid  statistics
, o trt il trt 2 trt 3 12, 4, p
Quercus gambeiii .29 .36 .00 10.6, 2, 0.005
.29 .38 1.1, 1,030
.36 00 16.3, 1, 0.001
Ephedra viridis .26 07 00 8.6, 2, < £.G00%t
‘ .26 07 13.1, 1, < 0.001¢
. 07 .00 . no test
Cercocarpus iepidium .03 .16 .00 15.3, 2, < 0.001¢
83 Li6 8.7, 1, 0.002t
.16 .00 no test
Chrysothamnus naseousus i 45 .30 13.2, 2, 0.002¢
i 45 13.0, 1, < 0.0001t
45 .30 1.5, 1, 2 0.25
. Qepothera sp 14 .06 .00 14.6, 2, < 0.0001¢
14 06 . 3.6, 1, 0.06
. BN 1+ .00 no test
Plaatain .16 13 .00 3.1, 2,2 0.10
.16 .13 0.4, 1,2 0.50
13 .00 0 test
Brigeron divergenms .23 .39 20 1.1, 2, 0.02%
23 .39 6.0, 1, 0.020
] 20 2.1, 1, » 0,100
Cimepterus .04 .16 A0 0.9, 2, 0.003
) .04 6 8.0, 1, 0.003
S { .00 no test
Lépdium moptagum | 09 Wl 05 0.9, 2, > 0,90
09 Wl . _ 0.2, 1, > 0.900
: : Wil .05 " 1no test
Artemisia dracuncujus A7 07 .00 7.9, 2, 0.025
A7 .07 : 4.7, 1, €0.050
: 07 - 00 no test
Poothed leaf A0 A2 00 2.7, 2, 50,250
A0 A2 0.2, 1, > 0,900
, ’ A2 .00 no test
Sporoboius spp 35 W1 00 23.3, 2, < 0.001¢
.33 Wil © 6.3, 1, < 0,001t
Ji .00 no test
Stipa hymencides .16 12 00 3.9, 2, 20,100
. .16 A2 0.7, 1, » 0.250
.12 .00 no test
Grass spd , 03 .13 .00 3.2, 2, 0.0]
.03 .13 6.8, 1, 0.01
13 00 . 1o test '

Grass spd .09 18 .00 6.5, 2, 0.03



o

Clematis liqusticifoiia - .07
‘ 41

W18
W8

13
15
W15

B0

.00

22,5 001

‘1o test

6.0

33,1, G
no fest

- .

;o 005
0.0

9
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fabie 26. Coverages (meas. s.e.) in percentage ground covered. for individual piant

* species at Natural Bridges Kational Monument. fThe data vere coiiected in a series of i m
sg piotsit 1992 ir the area iacking a traii apove Sipapu Bridge {(frt i), the area
containing a trai} between Sipapu and Kachina Bridges {Trt 2), and in the road right of
way per se (frt 3}, * indicates that the observed difference is swatistizaiiy
significant ¥olioving the Bonferomni procedure = 0.05/14 = 0.0035.

_ Statistics
Species . frt i frt 2 frt3 E or MWO} d.f. P
Populus - 8,94, 2.7 5.33, 1.78 13.06, 3.96 LN 2 0.069
8.94, 2.17  5.33, 1.18 133534 1 0.176
5.53, 1,78 15,08, 3.9¢ 5790% i 0.021
Jugiverus 4.69, 1.50 3.9z, 1.34  7.95, i.60 0.23 2 - 0.88
4,69, 1.56  3.92, i.34 127394 1 0.881
3.92, 1.3¢  2.93, 1.60 65204 1 0,629
Quercus 13,89, 2,51 18.26, 2.81  3.37, 1.83 1LY ? 0.003¢
13.89, 2.31 18.26, 2.81 12iin 1 0.264
i8.26, 2.81  3.57, 1.83 1619 i 0.00it
Chrysothamnus  4.99, 1.37  2.42, 0.66  0.95, 0.48 .04 ] 0.360
4,99, 1.37 2.4, 0.66 13323 1 0.382
. 2,42, 0,66 0.95, 0.48 - 66324 1 0.506
" Ephedra 2,22, 0.81 2,98, 0.88  0.00, 0.00 17.70 2 0.0001s
~ 2,22, 0.81- 2.98, 0.88 1uny i 0.027
) 2,98, 0.88 0,00, 0.00 15204 i 0.0001¢
salix 2.73, 1,12 2.82, 1,001  0.30,0.13 0.13 ] 0.695
1.3, 142 2.82, 1.01 12565¢ 1 0,508
2.82, 1.01  0.30, 0.13 63544 1 0.846
Symohoricarous 0.65, 0.30  0.98, 0.39  0.00, 0.00 6.67 2 0.036
0.65, 0,30  0.98, 0.39 128493 1 0.899
0.98, 0.39 0.00, 0,00 68808 i 0.012
Seterotneca 3.79, 0.81  3.34, 0,58  2.83, 0.66 1.1l 2 0.575
3.79, 6.81 3,34, 0.58 122784 1 0.458
3.34, 0.58 2.8, 0.66 62338 1 0.707
" Plantain 1.80, 0.60  0.69, 0.30 ~ 0.02, 0.0} 6.31 2 0.043
~1.80, 0.60  0.69, 0.30 < 13183 1 0.420
" 0.69, 0,30 0.62, 6,01 §906¢ 1 0.042
Opuntia 0.36, 0,18  0.55, 0,27  0.09, 0,05 4,31 2 0.112
36,°0.18  0.35, 0.27 120998 1 0.059 -
0.55, 0.27 0,09, €.03 62274 i ¢.178
Qenothera .23, 0.06 0,08, ¢.04 0,16, 0.08 3.81 2 0.149
0.23, 0.06 0.08, 0.04 130198 i 0.050
0.08, 0,04 0.6, 0.08 61633 1 0,306
Lepidium 0.01, 0.01  0.10, 0.03  0.02, 0.02 15.87 ! 0.0001¢
0.0:, 0,01  ¢.10, 0.03 115908 1 0.0001¢
6.10, 0.03  0.02, 0.02 69243 i 0.027
Sepecio 0.29, 0.08  0.35, 0,09 0.06, 0.03 10.96 2 0.004
0.29, 0,08  0.33, 0.09 120743 1 6.179
0.35, 0.09  0.06,0.03 1430% 1 0.001t
Ciematis 2.44, 0.84 1.56, 0.66  0.03, 0.03 11.87 2 0.003¢
2.44, 0,84 1,36, 0,66 . 133531 1 0.0269
i.56,-0.66  0.03, 0.03, 10874 i 0.005
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fabie 29. Piant coverages (mean, s.e.) in percentage of ground covered, for ecoiogicai
“plant groupings at Katurai Bridges Nationai Momument in 1992. Data were coilected from
three sites: Trc i, canyon above Sipapu Bridge (= area iacking a hiking traii), frt Z,
canyor Detween Sipapu and Rachina Bridges (= area containing a hiking traii), and Trt 3,
in the traii righ: of way per se. % = statistically significant difference foiiowing the
Bonferonni procedure = 0.05/5 = 0.01,

) % ground covered . ’
Zcologica: Statistics

Plant grouping frt 1 Fre 2 et 3 © Hoor WROR d.f. p
ferd ii.42, 1,22 7.83, 0,94 4,20, 0.75 13.64 2 0.00it
11.42, 1.22  7.83, 0.94 141268 1 0,106
7.83, 0,94 4,20, 0.75 76974 1 0.100
Grass .00, 1.35  4.5i, 1.00 2,63, 0,96 32.18 20,0001
9,086, i.35  4.31, i.00 161214 1 0.0001t
] 4,51, 1.00  2.63, 0.96 14541 i 0.028
Shrubd 14.99, 2,18 13.38, i.89  i.68, 0.78 21.36 2 0.000i*
14,99, 2,16 13.59, 1.89 120838 1 0.9i5
13.58, 1.89  1.88, 0.78 83138 1 . 0.0001t
Tree 30.35, 3.34 32.62, 3.52 22.83, 4.47 2.88 0.2
: 30,35, 3.34 32.62, 3.32 12508 1 0.700
: - 32,62, 3.5 22.83, 4.42 759 1 0.097
Potal Piant  70.46, 3.90 60.36, 3.72 31.69, 4.66 44.70 2 0.0001%
Coverage 70.46, 3.90 60.56, 3.72 141608 1 0.100
§0.56, 3.72 31.69, 4.66 91524 1 0.000it
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fabie 30. Comparisons oi the proportion of one meter square plots that were occupied by common piants across
~ three locations in 1992 in White Canyon at Katural Bridges National Monument. the three treatments were:

frt I, area above the Sipapu Bridge, this area iacks a hiking trail, Prt 2 area beiow this bridge and above
Kachina Bridge, which bas a heavily used diking trail, and Trt 3, within the trail rignt of way., There were
160 plots each iv treatments 1 and 2 and 80 in treatment 3. The data were anaiysed with cbi square tests. *
= statisticdily significant foliowing tde Bonferomni procedure = p = 0.0028.

Provortion (number) Statistics

Piant Species Trt 1 %rt 2 Tt 3 overail Trtlws Prt 2 Trt Z ws Prtd
Quercus 0,20 (33) €.26 (4i) 0.08 (€} :iL.35, «6.0i  1.12, >C.05 11,19, <0.001¢
Chrysothamnus 6.24 (38) 0.20 (32) 0.23 (i4) 1.42,>0.05  0.66, »0.05 6.17, 0.65
Ephedra 0.08 (13) 0.18 (28) 0.00 (0) 19.06, <0.001 6.28, <0.05 15,76, <0.001%
Sajix exigua 0.06 (i0) 0.08 (12) 0.09 (7) 6.53, »0.05  6.19, »0.05 0.13, »0.05
Symphoyicarpus 0.08 (13) .08 (12) 0.00 (0) 6.72, <0.05  ©.04, >0.0% 6.32, <0.05
Caiamogrosiis 8.19 (31) 0.1% (30) 0.04 (3) il.i9, <0.01  0.02, »0.05 10,11, <0.01
Phragmites 0.09 (i3) 6,03 (4) 0.03 (z) 9.i2, <0.02  6.76, <0.01 no test
Sporgbolis 0.16 {26) 0.11 (i7) 0.13 (i0) 2.26, »0.05  2.18,20.05 1.8, >0.05
Stipa hymenoides 0.13 (21) G.i3 (z1) o¢.10 (8) 0.48, >0.05  0.00, >0.05 0.51, »0.0%
Stipa comata 0.66 (10) ©0.08 (13) 0.14 (11) 3.90, >6.05  0.44, >0.05 1.88, »0.05
Heterotheca .32 (5i) 0.38 (60) 0.41 (33) 2.31, >0.05  1.10, >0.05 0.31, »0.05
Planaria .14 (22) 0.11 (17)-0.04 (3) 5.70, >0.05  0.74, >0.05 3.37, »0.03
0. paljida 0.13 (20) 0.06 (10) 0.08 (6) 4.09, 20.05  3.68, 0.05 0.6, »0.03
Lepidium 6.00 (2) 0.1l (17) 0.03 {2) 15.65, <0.001 12.58, <0.001 4,74, <0.05
Opuntia ¢.04 (7} 6.10 {16) 0.05 (4) 4.51, »0.05  3.80, =0.05 1.80, >0.05
Senecio 0.14 (22) 0.20 (32) 0.04 (3) 1i.58, <0.01  2.24, >0.05 11,40, <0.001t
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fabie 3i. Comparisons of the proportion of ome meter square plots that were occupied by piants of four
ecoiogical piant groupings acress three locations in 1390 in White Canyon at Katurai Bridges Xationai
Wonument. The three treatments were: fTrt i, area above Sipapu Bridge which lacks a hiking trail, frt 2 area
between Sipapu and Kachina Bridges whick bas a beavily used hiking trail, and Trt 3, within the trail right
of way. There were 160 piots each in treatments 1 and 2 and 80 in treatment 3. %he data were anaiysed with
cbi square tdsts. * = statisticaiiy significant following the Bonferonni procedure = 0.05/3 = 0.01.

Proportion (number) Statistics

Ecologizal groupiag fre i Tt 1 3t} overai; Frt ivsirt? . Trt'zivs rt 3
Total Herd 0.15 (120) 0.75 (i20) G.66 (53} 2.5i, »0.05  0.0G, >0.05 2.03, »0.05
Totai Grass 0.3 (48) 0.44 (71) 0.54 (43) 14.14, <0.001 1.08, <0.01 1.89, 0.05
Total Shrub 0.50 (82) 0.50 {(80) 0.29 (23) 12.4i, <0.01  0.04, >0.03 9,76, <0.01t
Total Tree 0.48 (76) 0.46 (74) 0.38 (30) ~ 2,33, »0.63  0.04, >0.05 1.69, > 0.05

fotai piant 0.99 (158) 0.98 {156) 0.86 (69) 26.88, <0.001 o test 0,20, > 0.05
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fabie 32. Number of piant species/i m sq piot (mean, s.e.) for ecological piant groupings
at Naturai Bridges Natiora! Monument in 1952. Data were collected from three sites: Trt
i, canyon above Sipapu Bridge (= area iacking a hiking trail), frt 2, canyon detweet
Sipapu and Kachina Bridges (= area containing a hiking trail), and Trt 3, in the trail
right of way per se. * = statisticaiiy significant difference foiiowing the Eonferomni
procedure =%.,03/5 = 0.0i.

¥o. species/ 1 m sq piot.

Beological Statistics
Piant grouping ?re 1 frt 2 %t 3 Eor MROF d4.f. o
Ferd 15,01 1.8, 63 i.2,0. 9.63 2 0.008t
5, 0.: 1.8, 0.} 1i6i2¢ 1 C.140
, 1.8, 6.1 1.2, 0.1 19008 1 0.002¢
CGrass 0.9, 0.1 0.7,0.1 0.6, 0.1 13.29 2 0,000t
0.9, 0.1 0.7,0.1 15069% 1 0.003¢
0.7, 0.1 0.6, 0.5 67964 1 6.3%0
Shrud 6.6, 0. 07,01 0.4, 8.1 12.42 2 0.002¢
0.6, 0.1 0.7, 0.1 124914 1 0.682
0.7, 0.3 0.4, 0.1 18744 i 0.001¢
Tree 0.5, 0.0 0.6, 0,1 0.4, 0.1 3.55 2 0.170
0.5, 0.6 0.6, 0.1 122854 1 0.480
‘ 0.6, 0.1 0.4, 0.1 12214 1 0.064
all Plaeis 3.8, 0.1 3.9, 0.1 2.6, 0.2 28.51 1 0.0001%
3.8, 0.1 3.9, 0.1 124014 Io0.625
3.9, 0.1 2.6, 0.2 88744 1 0.0001%



303

gable 33. Totai number of small mammais caught per species per grid in 1932 at Natural
Bridges National Monument. Each grid contained 70 live traps in a 5 x 14 array and
covered approzimately 0.52 Ha. Pour grids were iocated above Sipapu bridge, the other
four dovnstream of Sipapu dridge, in an area that receives heavy trail usage. ¥ :
statisticaiiy)significant foiiowing the Bonferromi procedure = 0.03/

Area lacking trail Area with trail
no. caugat . no. caught . . - -
6rid 1 2 3 4 total 6ridl 2 3 4 total

Species
Peromyscus maniculatus 3 1 01 i3 6 1
{Deer mouse)
P. poylii § 4 3 1 12
(Brush mouse)
2. cripitus
B, truei
Peromyscus
Beotoma albiguia 15 2 , 1
- (White-throated woodrat)
E. lepida 6 0 0 0 0 001 1 0 2
(Desert woodrat) .
N, cinerea ' 6-0 6 0 ¢ 61 6 0 1
(Bushy-tailed woodrat)

Mus muscujus 6 0 0 1 1 0o 0 ¢ 0 0
" (House mouse)
Microtus sp 8 6 0 0 O 6 0 1 o0 1
{Voie)
Peroanathus parvus 01 0 0 1 0o 6 ¢ 1 1
_ (Great Basin Pocket mouse)
Ail mice il 17§ 18 352 1019 3 11 &

<
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(-4
-
=t
o [(*1)

-
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fabie 34. Number of birds observed per 600 m iong transect in ®hite Canyon at Naturai Bridges Fationai
Nonument. Bach tramsect was waiXed or two successive days. Two transects were iocated apove Sipapu Bridge
in ar area lacking a weil use¢ hiking trail (crt i), and two transects were iocated peiow the dridge in an
area containing a heavily used diking trail (trt 2).

b

Mean mno./transect - .. - o, of transects occupiec
Species - 1444 et 2 ot ] trti
Rufus-sided towhee 4.5 {.5 § 3
Restreis 0.3 0.0 i 0
Rhite-throated swiits i3 5.0 3 2
Violet-green swajlows 1.0 0.0 i 0
Broad-taiied hummingbird 0.8 6.3 3 i
Rufus hummingbird 0.3 0.0 1. 0
Buzmingbird 0.0 0.8 0 2
Raven 0.5 0.3 z i
Scrub jays £.3 0.3 i i
White-crowned sparrow 0.5 0.0 i 0
Biack-capped chickadee 0.5 0.0 i ¢
Common bushtiis 6.0 6.5 0 i

. Overali mean no. birds/
species ’ .
Potal no. of species 10.0

=
L -4
[ =]
-—3 =
-
o>

-
= o
‘
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Table 35. Comparisons via t tests or Mann Whitney U tests of nurber of
individuals in various taxa cbserved per pool in two treatments at Natural
Bridges. Treatment 1 is an area lacking a well used hiking trail, treatment
2 is an area containing a well used hiking trail. All comparisons involve 38
and 39 d.f.. Each taxon appears to be represented by only one species. $ =
statistically significant. '

X + S.E.
site

Taxa Trt 1 Trt 2 torU* »p
Coleoptera 0.3+ 0.1 0.3+ 0.1 0.1 0.0
Notonectid 1.9+ 0.7 1.3+ 0.6 0.7 0.51
Chironomid 0.3 + 0.1 16.7 + 8.6 671* 0.076
Cadisfly 3.8+ 1.0 1.3+ 0.7 1049% 0.002%
Bufo tadpoles 87.6 + 55.1 45.3 + 26.1 799% 0.84
Crustacean 11.4 + 3.6 8.6 + 3.3 0.6 0.6
Mosquito 3.4+ 1.4 13.0 + 6.4 708% 0.35
Whirlygigs 2.3+ 1.1 0.6 + 0.3 1.5 0.14
Water striders 14.8 + 2,2 5.8+ 1.2 112 0.001%
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Table 36. Results of chi square analyses examining the distribution of five
taxa across pools along a hiking trail or from an area lacking a trail at
Natural Bridges. All comparisons have 1 d.f.. Samples were the results of a
sweep netting survey. * = statistically significant following the Bonferroni
procedure = 0.05/5 = 0.01.

3 R

Number of times present in a sweep

Taxa - . area with trail . area -lacking trail . X2 P
Notonectid 18/248 ’ 40/335 - . 3.52. 0.064
Chironomid 8/248 26/335 5.39 0.02
Amphipoda 8/248 44/335 17.18 0.001*
Water striders 16/248 40/335 4.92 0.03

Mosquitos 16/248 9/335 4.99 0.028
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%abie 37. Characteristics of poois and numder of individuais observed per species per poai in poois at Faturai Bridges
Nationai Nonument in 1991. The data come from an area containing a trail or am area iacking a traii. Statistics =t
or F tests or their nomparametric eguivaients {indicated by *}, p vaiuve. Tae vaiues in-the pody of the tabie are
means, standard errors, and sampie sizes. # = statisticaily significant foiiowing tie Bonferreni procedure = 0.005/6 =
0.008 for species comparisons; = £.05/3 = 0.0Z for physical comparisons.

] ‘ .

trail area pontrail area statistics rocky botton

Comparison sandy bottom ‘statistics

Pooi surface area  41.5, 1.7, 32 47.8, i4.4, 25 ° 3§77, 0,959 17.0, 3.4, 20 55.8, 10.6, 19 2961, 0,003

Pooi depth

Bottom type

Xo. species

Ho. notonectids
Ho. water striders
No. sm water

Ko. bottom bettie

No. mayfiy

3.0, 4.1, 32
1.6, 0.2, 2
3.3, 0.4, 32
L3, 0., 3
1.9, 1.0, 32
0.3, 0.2, 32
16.1, 6.8, 32
3.9, L1, 2

2.1, 0.8, 31

33.4, 5.1, U
.1, 0.4, 23
5.9, 0.5, 2
1.4, 0.5, 26
4.2, 0.9, 26
47, 1.4, 28
9.7, 3.4, 26

8.4, 2.4, 26

31.5, 26.1, 26

0.33, 6.59%

179, 0.01%
i59%, 0.0001%
3408, 0.1?6
2015, 0.00014
116, 0.000i¢
350t, €.372
3042, 0.070

140%, 0.0001¢

8.5, 4.5, 19
4.6, 0.5, 20
0.2, 0.1, 2
2.2, 8.5, 0
1.4, 0.4, 20
6.6, 2.4, 20
5.8, 1.4, 20

8.2, .3, 18

3i.8, 3.5, 19

4.1, 0.5, 19

2.0, 1.0, 19
3.3, 1.6, 19
1.2, 0.9, 18
i1.3, 5.4, 19
3.8, 1.4, 19

5.3, 0.2, 19

193¢, 0.7

170%, 0.371

L 247%, 0,043

159¢, 0.360
143t, 0.1
212, 6,542
151¢, 0.254

137¢, 0.187
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Table 38. Results of chi square analyses examining the
distribution of agquatic organisms across pools in an area lacking
a trail (trt 1) and an area containing a trail (trt 2) in White
Canyon at Natural Bridges National Monument. All comparisons
have 1 degree of freedom. Statistically significant following
the Bot\ferroni procedure = 0.05/6 = 0.01.

Nﬁmber of times
observed in a pool : .
Taxa trt 1 trt 2 chi square P

Notonectid 10/26 7/32 1.93 > 0.10
Lg Water strider 20/26 10/32 12.16 < 0.001%
Trichoptera 17/26 3/32 19.70 < 0.001%*
Sm water strider 21/26 23/32 0.65 > 0.70

~ Bottom beetle 19/26 16/32 3.17 0.079
Mayfly 19/26 12/32 7.36 < 0,01%



111

Proportion of 1 m plots occupied by
' Opuntia In Canycniands (1990) in areas
with road (with), without road {without)
and in road right—of—way (in) ..
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Figure 1 Proportion of 1 m sq quadrats occupied by plant species in
Canyonlands in 1990.
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Proportion of 1 m plots occupied by
! Lepidium in Canyonlands (1990) in areas
with road (with), without road (without)
and tn road right-of-way (in)
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Figure 1 Proportion of 1 m sq quadrats occupied by plant species
Canyon]ands in 1990.
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Proportion of 1 m plots occupied by
1 BphaonucoalnCNNnﬂuﬂgndl(ﬂuunln:n.a-
with road (with), without road (without),
and In road right—of-way (in)
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Figure 1 Proportion of 1 m sq quadrats occupied by plant species in
Canyonlands in 1990. :
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Proportion of 1 m plots occupied by
' Erigeron in Canyoniands (1990) in areas
with road (with), without road (without)
and In road right-of-way (in)

/ /,//
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/ o1s /
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Figure 1 Proportion of 1 m sq quadrats occupied by plant species
Canyonlands in 1990.

in
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Proportion of 1 m plots occupied by
Sporcbolus In Canyoniands (1990) in areas
with road (with), without road (without)
and In road right~of-way (in)
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Figure 1 Proportion of 1 m sq quadrats occupied by .plant species in
Canyonlands in 1990.
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suphlnﬁaunnuﬂando(unu»lptn.ag
with road (with), without road (without)
andhtuﬂnldghb&ﬂ—umv(kﬂ

' Proportion of 1 m plots occupied by

Canyonlands in 1990.
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Figure 1 Proportion of 1 m sq quadrats occupied by plant species in
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Proportion of 1 m plots occupied by
Cﬂuytouunnnuslncxuwunuuuu;GOOO)utanuul .
with road (with), without road (without)
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Figdre 1 Proportion of 1 m sq quadrats occupied by plant species in
Canyonlands in 1990.
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Proportion of 1 m plots occupied by
Arternesia tridentata in Canyoniands (1980) in areas
with road (with), without road (without)
and In road right—cf—way (In)
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Figure 1 Proportion of 1 m sq quadrats occupied by plant species in
Canyonlands in 1990. :
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, Proportion of 1 m plots occupied by
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Figure 1 Proportion of 1 m sq quadrats occupied by plant species in
Canyonlands in 1990.
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Proportion of 1 m plots occupied by
| Populus In Canyoniands (1990) in areas
with road (with), without road (without)
and in road right—-of-way (in)
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Figure 1 Proportion of 1 m sq quadrats occupiéd by plant species in
Canyonlands in 1990.
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Tamarix in Canyonlands (1990) In areas
with road (with), without road (without)
and in road right—of—way (In)
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-

Percentage of ground covered by
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and In road right—of-way (in)

F’igm.'e 2 Percentage of ground coveréd by plant species in Canyonlands in 1990.
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' Percentage of ground covered by
' Tamartx tn Canyoniands (1990) in areas |
with road (with), without road (without),
and In road rght—-of—way (In)

Figuré 2 Percentage of ground covered by plant species in Canyonlands in 1990.



125

! Percentage of ground covered by
Atriplex n Canyoniands (1980) In areas
with road (with), without road (without),
and In road right-of-way (in)

Figufe 2 Percentage of ground covered by plant species in Canyonlands in 1990.
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Percentage of ground covered by
Artomoisa tridentata In Canyoniands (1990) in areas
with road (with), without road (without),
and In road right—of—way (in)
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Figuré 2 Percentage of ground covered by plant species in Canyonlands in 1990.
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Percentage of ground covered by
Sarcobatus in Canyoniands (1990) in sreas
with road (with), without road (without),
and in road right—of-way (in)
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Figuré 2 Percentage of ground covered by plant species in Canyonlands in 1990.
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Percentage of ground covered by
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and in road right-of-way (In)

Figur.e 2 Percentage of ground covered by plant species in Canyonlands in 1990.
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Percentage of ground covered by
Sailx exigua In Canyonlands (1990) In areas
and in road right—cf—way (in)
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Figure 2 Percentage of ground covered by plant species in Canyonlands in 1990.
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Percentage of ground covered by
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and In road right—of-way (In)

Figure 2 Percentage of ground covered by plant Spécies in Canyonlands in 1990.
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Figuré 2 Percentage of ground covered by plant species in Canyonlands in 1990.
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. Percentage of ground covered by
Lepldium in Canyoniands (1990) (n m )
with road (with), without road (without),
and In road right—of-way (in)
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Figure 2 Percentage of ground covered by plant species in Canyonlands in 1990.
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Percentage of ground covered by
8porobolus Il Canyonlinds (1980) in areas
with road (with), without road (without),.
and in road right-of-way (In)
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Figu}e 2 Percentage of ground covered by plant species in Canyonlands in 1990.
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Percentage of ground covered by
Stipa hymen. In Canycniands (1990) in areas =
with road (with), without road (without),
and In road right-of-way (in)

Figuée 2 Percentage of ground covered by plant species in Canyonlands in 1990.
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Percentage of ground covered by

Distichils In Canyoniands (1990) in areas -
with road (with), without road (without),

and In road right—of-way (in)

Figure 2 Percentage of ground covered by plant species in Canyonlands in 1990.
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Percentage of ground covered by
Muhlenbergia in Canyoniands (1990) in areas
with road (with), without road (without),
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without

Figuré 2 Peréentagé of ground covered by plant species in Canyoniands in 1990.
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Plant Coverage for Canyonlands (1990)
| Expressed as Percentage of Ground Coversd .
y by Ecological Plant Groupings in aress
with road (with), without road (without),
and in rosd right—of—way

Figure 3 Percentage of ground covered by broad ecological plant groups in
Canyonlands in 1990. :
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' Plant Coverage for Canyonlands (1990)
!uu-o-dan}%nulnaqoo!cnuqulcpjund .
by Eoological Plant Groupings In aress
with road (with), without road (without),
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Figu}‘e 3 Percentage of ground covered by broad ecological plant groups in
Canyonlands in 1990.
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Proportion of 1 m plots occupied by
Populus In canyonlamb {1991) in aroas .
with road (wﬂh). without road {without) .
and In road right—of-way (n)

Figure 4 Proportion of 1 m sq quadrats occupied by p]ar)t species
Canyonlands in 1991. '
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Proportion of 1 m plots occupied by
Tarmnarix in Canyonlands (1991) In areas .
with road (with), without road (without)

and In road right-of-way (in)
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Figure 4 Proportion of 1 m sq quadrats occupied by plant species
Canyonlands in 1991. '
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Proportion of 1 m plots occupled by
Artemesia tridentata In Canyoniands (1991) in areas
with road (with), without road (without)
and In road right—of-way (in)

Figure 4 Proportion of 1 m sq quadrats occupied by plant species in
Canyonlands in 1991.
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Proportion of 1 m plots occupied by
Arternesia campestris In canylmlando (1991) In areas .
with road (with), without road (without)
and In road right-cf-way (in)
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Figure 4‘ Proportion of 1 m sq quadrats occupied by plant species
Canyonlands in 1991.
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Proportlon of 1 m plots occupled by
aanncmnnulhlChunnuﬂandocuun)utum--
with road (with), without road (without)
and In road right—of-way (in)

Figuée 4 Proportion of 1 m sq quadrats occupied by plant species in
Canyonlands in 1991.



144

Proportion of 1 m plots occupied by
! Atrtplex canescens in Canyoniands (1991) In areas
and In md -lloht-of_-'wav(ln)' '
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Figure 4 Percentage of ground covered by plant species in Canyonlands in 1991.
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Proportion of 1 m plots occupied by
Chrysothamnus in Canyoniands (1981) in areas
with road (with), without road (withcu®) -
and In road right-of—way (in)

Figu}e 4 Proportion of (1 m sq quadrats occupied by plant species in
Canyonlands in 1991.
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Proportion of 1 m plots occupied by
| Castille]a in Canyonlands (1991) [n areas ’
with road (with), without road (without)
and In road right—of-way (in)

Figure 4 Proport1on of 1 m sq quadrats occup1ed by plant species in
Canyonlands in 1991.
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Proportion of 1 m plots occupied by
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Figure 4 Proportion of 1 m sq quadrats occupied by plant spec1es in
Canyonlands in 1991.
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Proportion of 1 m plots occupied by
Machaeranthera In Canyonlands (1991) in areas
with road (with), without road (without)
and In road right—-of-way (in)
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Figure 4 Prbportion of 1 m sq quadrats occupied by plant species in
Canyonlands in 1991. .
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Proportion of 1 m plots occupied by
Clematis in Canyoniands (1991) In aress
’ with road (with), without road (without)
and In road right—~of—-way (tn)

Figu%e 4 Propoi-tion of 1 m sq quadrats occupied by plant species
Canyonlands in 1991. .
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Proportionof 1m plots occupied by
. Meiolotus alba In Canyonlands (1991) in areas
! - with road (with), without road (without)
and in road right—of-way (in)

Figure 4 Proporti'on of 1 m sq quadrats occupied by plant species in
Canyonlands in 1991. '



151

Pmportlon of 1 m plots occupied by
l-lomn ] cuwllandi (1991) in aroas
with road (with), without road (without)
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Figure 4 Propoftion of 1 m sq quadrats occupied by plant species in
Canyonlands in 1991.
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Proportion of 1 m plots qccupled by
Hymenopappus in Canyoniends (1991) in areas
’ with road (with), without road (without)
' and In road right-cf-way (in)

Figure 4 Prbportion bf T m sq quadrats occupied by plant specievs in
Canyonlands in 1991.
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Proportion of 1 m plots occupied by
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F'lgure 4 Proportwn of 1 m sq quadrats occupied by plant species in
Canyonlands in 1991.
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~ Proportion of 1 m plots occupied by
H Sphaonﬂeoalncannﬂuunnd.(NNN)hiamunt
with road (with), without road (without)
and In road right—of -way (in)

Figure 4 Proportion df 1 m sq quadrats occupied by plant species in
Canyonlands in 1991.
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PrOportion of 1 m pilots occupied by
Thoupodhnnhicanmuuanwl09’0lntnoa-
’ with road (with), without road (without),
and In road right-of-way
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Figure 4 Proport1on of 1 m sq quadrats occupied by plant species in
Canyonlands in 1991.
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Proportion of 1 m plots occupied by
Stipa In Canyoniands (1991) n areas
' with road (with), without road (without)
and In road right—-of-way (In)

Figure 4 Proportion of 1 m sq guadrats occupied by plant species in
Canyonlands in 1991.
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Proportion of 1 m_plots occupied by
Muhlenbergia In Canyocniands (1991) in arsas :
with road (with), without road (without)
and In road right—ot-way (In)

Figure 4 Proportion of 1 m sq quadrats occupied by plant species in
Canyonlands in 1991.
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Proportion of 1 m plots occupied by
Sporobolus In carwonlando (1991) Iin aroas
with road (with), wlthout road (wllhouﬁ
and In road right-of-way (i)
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Figure 4 Proportmn of 1 m sq quadrats occupied by plant spec1es in
Canyonlands in 1991.
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with road (with), without road (without),
and (n road right-of-way

Distichils in Canyoniands (1991) in areas
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Figure 4 Proportion of 1 m sq quadrats occupied by plant species in

Canyonlands in 1991.
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Proportion of 1 m piots occupled by
Muhlenbergia~Distichils in Canyonlands (1991)
In aroas with road (with), without road (without),
and In road right—of-way (i)

Figure 4 Proportion of 1 m sq quadrats “occupied by plant species in
Canyonlands in 1991. .
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Proportion of 1 m plots occupied by
Agrosis aiba in w (1991) In areas
, with road (with), without road (withou),
and In road right—of-way (In)
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Figure 4' Proportion of 1 m sq quadrats occupied by plant species in
Canyonlands in 1991.
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Proportion of 1 m plots occupied by
8tipa hymen in Canyoniands (1991) In areas
with road (with), without road (without),
" and In road right—of—way
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Figure 4 Proportion of 1 m sq quadrats occupied by ‘plant species in
Canyonlands in 1991.



163

Proportion of 1 m plots occupied by
' Juncus in Canyoniands (1991) in arcas
with road (with), without road (without),
‘and In racd right—-of ~way -

0.03 0.08 o190
in with ~ without
Troatment

Figure 4 Proportion of 1 m sq Aquadrats occupied by plant species
Canyonlands in 1991.
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Percentage of ground covered by
" Popuus in Canyoniands (1961) In areas '
with road (with), without road (without),
and in road right—of-way (tn)
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Figure 5 Percentage of ground covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by
 Tamastx tn Canyoniands (1991) in areas -
“mh.u.a(gnhhunuuwnnmu!dnﬂuahb
and In road right—of-way (in)

Figure § Pefcentage of ground covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by
Artermnesia tridentata In Canyoniands (19891) in areas
with road (with), without road (without),
and (n road right—of—-way (in)
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Figuré 5 Percentage of ground covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by
Arternosla campestris In Canyoniands (1901) in ereas -
with road (with), without road (without),
and In road right-of—-way (in)
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Figure 5 Percentage of ground covered bygaTant species in Canyonlands in 1991.
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Percentage of ground covered by
Sallx exigua lh Canyoniands (1991) In creas L
with road (with), without road (without),
and In road right—of-way (in)
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Figure 5 Percentage of ground covered by plant species in Canyonlands in 1991.
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Percentage of ground covemd by
- Galix futea In Canyoniands (1981) In areas .'
with road (with), without road (without),
and In road right—of-way (in)
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Figuré 5 Percentage of grodnd covered by plant species in Canyonlands in 1991,
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Percentage of ground covered by
Atriplex canesoens in Ganyoniands (1991) tn areas
with road (with), without road (without),
and In road right—of-way (in)
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Figure 5 Percentage of ground covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by
chnnuﬂuunnu-hlcanrud-ndl(unn)hncnun.
with road M). without road (without),
and In road right~of-way (in)

Figure 5 Percentage of ground covered by plant spé'c'ie‘s “in Canyonlands in 1991.
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Percentage of ground covered by
| Castilleja In Canyontands (1991) In areas -
with road (with), without road (without),
and In road right—of -way (in)
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Figure 5 Percenfégé of ground covered by plant species in Canyonlands in 1991.
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3

Percentage of gfound covered by
Oenothera pallida In Canyontands (1991) tn areas a

with road Mﬂl). without road (without),
and In road right—-of-way (In)

Figure 5 Percentage of ground covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by
‘Machaeranthera tridentata In Canyoniands (1981) in areas
with road (with), without road (without),
and In road right—-of-way (In)
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Figure 5 Percentage of ground covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by
Clomatis In cuwilndo (1991) In areas
with road (with), without road {without),
and In road right—of-way (In)

Figure 5 Percentage of ground covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by
" Mololotis alba In Canyoniands (1991) th areas
with road (with), without road (without),
and in road right—of-way (in)

Figure 5 Percentage of ground covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by
Heterotheoa In Canyoniands (1991) In areas
with road (with), without road (without),
and In road right—of-way (In)
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Figure 5~Pércen£age of ground covered by plant species in-Canyonlands in 1991.
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Percentage of ground covered by
Hymenopappus In Canyoniands (1981) In aress
with road (with), without road (without),
and In road right—of-way (in)
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Figure 5 Percentage of ground covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by
Sphaeraicea In Canyoniands (1991) In areas -
with road m). without road (without),
and in road right-of-way (in)
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Figure 5 Percentage of grohﬁd covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by
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and In road rigt-of-way (in)

Figure 5 Percentage of groqnd covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by
£ candensis in Canyoniands (1991) In areas -
" with road (with), without road (without),
and in road right—of-wey (in)
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Figure 5 Percentage of ground covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by
Muhlenbergia in Canyoniands (1991) In areas
with road (with), without road (without),
and In road right-of~way (in)
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Figure § Percevntage' of ground covered by plant species in Canyonlands in 1991.
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- Percentage of ground covered by
Distiohils In Canyoniands (1991) in areas -

mmm).mm (witheut),
and in road right-of-way (in)

Figure 5 Percentage of ground covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by
Muhlenbergla—- :uluohn-lﬂhﬂﬁicunvnnunuﬂlootﬂInlrnll
with road (with), without road (wlmout)
and In road right—-of-way (in)

Figure 5 Percentage of gfound covered by plant species in Canyonlands in 1991.
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Percentage of ground covered by -
Sporobolus In Canyoniands (1987) In areas
with road (wllh). without road (without),
and In road right-of-way (i)

Figure 5 Percentage of ground covered by plant species in Canyonlands in 1991.
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. Percentage of ground covered by
' Agrostis aiba In Canyoniands (1991) in areas - ‘
with road (with), without road (without),
and In road right-of -way (n) -

Figure 5 Percentagé.of'grouhd covered by plant species in Canyonlands in 1991.
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Figure 5 Proportion of 1 m sq quadrats occupied by plant species in
Canyonlands in 1991. ’
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Plant Coverage for Canyoniands (1991)

Bprossed as Proportion of Plots Oooupled
by Eoological Ptant Groupings In areas
with road (with), without road (without),

and In road right—-of-way

w .' @
. 0.4

)
*
9

-
20
-~

»

52
)
0%

>
@,
A

v,
)
-~
7

>
.,

7

@,

A
*

9,

.'.'
OO
.A

X

-
)

O

X)

S
"
o
2
\/
X

Q)
)
Q)
O

NS
0
£

N7
X3
X

-,
(J
-

550
*,
024

Q)
*,

.
Q)
a

OCX

X

*
A

®,
280
()

-,
*,

)
*,

D
2
A
-,
D

2
a

.

Figure 6 Proportion of 1 m sq quadrats occupied by broad ecological plant
groups in Canyonlands in 1991.
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Plant Coverage for Canyoniands (1991)
, EBxpressed a3 Proportion of Picts Gooupled
by Ecological Plant Groupings In areas
with road (with), without road (without), -
and In road right-of-way

Figure 6 Proportion of 1 m sq quadrats occupied by broad ecological plant
groups in anyon]ands in 1991. ,
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Figure 7 1991 Substrate experiment in Canyonlands.
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Figure 7 1991 Substrate experiment in Canyonlands.
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Juncus Abundance
) epressed as % of ground covered
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Figure 8 Pefcentage of ground covered by plants at Arches National Park in
1992.
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cquu-oudanscc!cumndcuuu‘d
in Archos (1992) in areas with trall (with);
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Figure 8 Percentage of ground covered by plants at Arches National éark in

1992.
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. Muhienbergia Abundance
expressed as % of ground covered
" tn Arches (1992) In areas with trail (with),
without trail (withoui) and In tral (i)

g;gu%e 8 Pefcentage of ground covered by plants at Arches National Park in
92. ‘



195

Populus Abundance
cnano-uia-SGcConululoewucd
in Arohes (1992) In areas with trail (with),

 without trail (without) and In trall (in)

Figure 8 Percentage of ground covered by plants at Arches National Park in
1992. ,
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- Salix Abundance
cnun-uda-!‘cﬂouuluiocwund
in Arches (1992) In areas with trail (with),
without trail (without) and In trall (in) .
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Figure 8 Percéntage of ground covered by plants at Arches National Park in
1992. )
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. Tamariskus Abundance
. expressed as % of ground ocovered
in Arches (1992) [n areas with trall (with),
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Figure 9 Proportion of 1 m sq quadrats occupied by plant at Arches National
Park in 1992. )
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Figure 10 Percentage of ground covered by ecological plant groups at Arches
National Park in 1992.
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Figure 12 Proportion of 1 m sq quadrats occupied by ecological plant groups
at Arches National Park in 1992. ‘
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in Natural Bridges (1992) In areas with trall (with)
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National Monument in 1992.
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Figure 13 Percentage of ground covered by plant species at Natural Bridges
National Monument in 1992. :
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Lepidilum Abundance
expressed as % of ground coversd
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Figure 13 Percentage of ground covered by plant species at Natural Bridges
National Monument in 1992.
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Senecio Abundance
exprossed as % of ground covered
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' Clematis Abundance
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Figure 13 Percentage of ground covered by plant species at Natural Bridges
National Monument in 1992.°
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Figure 14 Proportion of 1 m sq quadrats occup1ed by plant species at Natural
Bridges National Monument in 1990. 4
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Figure 14 Proportion of 1 m sq quadrats occupied by plant species at Natural
Bridges National Monument in 1990.
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Figure 14 Proportion of 1 m sq quadrats occupied by plant species at Natural
Bridges National Monument in 1990. -
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Bridges National Monument in 1990. :
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Figure 14 Proportion of 1 m sq quadrats occupied by plant species at Natural
Bridges National Monument in 1990.
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Figure 14 Proportion of 1 m sq quadrats occupied by plant species at Natural
Bridges National Monument in 1990.
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Artemesla dracunculus Frequency
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Figure 14 Proportion of 1 m sq quadrats occupied by plant species at Natural
Bridges National Monument in 1990. '
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Toothed leaf Frequency
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Figure 14 Proportion of 1 m sq quadrats occupied by plant species at Natural
Bridges National Monument in 1990.
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Bridges National Monument in 1990.
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Figure 14 Proportion of 1 m sq quadrats occupied by plant species at Natural
Bridges National Monument in 1990. ‘
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Figure 14 Proportion of 1 m sq quadrats occupied by plant species at Natural
Bridges National Monument in 1990. '
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Figure 14 Proportion of 1 m sq quadrats occupied by plant species at Natural
Bridges National Monument in 1990. , ' ,
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Figure 16 Proportion of 1 m sq quadrats that were occupied by plant species
at Natural Bridges National Monument in 1992. :
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Figure 16 Proportion of 1 m sq quadrats that were occupied by plant species
at Natural Bridges National Monument in 1992.
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Figure 16 Proportion of 1 m sq quadrats that were occupied by plant species
at Natural Bridges National Monument in 1992.
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Figure 16 Proportion of 1 m sq quadrats that were occupied by plant species
at Natural Bridges National Monument in 1992.
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Figure 16 Proportion of 1 m sq quadrats that were occupied by plant species -
at Natural Bridges National Monument in 1992. _
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Figure 16 Proportion of 1 m sq quadrats.that were occupied by plant species
at Natural Bridges National Monument in 1992.
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Figure 16 Proportion of 1 m sq quadrats that were occupied by plant species
at Natural Bridges National Monument in 1992. , :
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Figure 16 Proportion of 1 m sq quadrats that were occupied by plant species
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Figure 16 Proportion of 1 m sq quadrats that were occupied by plant species
at Natural Bridges National Monument in 1992.
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Proportion of 1 m plots occupied by
cuuunhoﬂipanuulﬁiNnunalaﬂdoeo(ﬂﬁnnlntu-a-vuﬂa
' wrall (with), without trall (Without),
andintrall tn)

ﬁgéﬂ |
////
/ 0.08 0.08
in with without
Troatmont

Figure 16 Proportion of 1 m sq quadrats that were occupied by plant species
at Natural Bridges National Monument in 1992. ~
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Proportion of 1 m plots occupied by

L.pk!unnhnNauunlBﬂdco.(ﬂnnn!nuupa.vﬂﬁa
trail (with), without trail (without),
and In trall (In)

/'?

//ég] / as /’/ = /

In without

with
Troattmemt

Figure 16 Proportion of 1 m sq quadrats that were occupied by plant species
at Natural Bridges National Monument in 1992.



263

: Proportion of 1 m plots occupied by

OpmﬁalnNaﬁ:mlBﬂdgu(lM)hmwm:
trafl (with), without trall (without),
and In trall (in)

Figure 16 Proportion of 1 m sq quadrats ‘that were occupied by plant species
at Natural Bridges National Monument in 1992.
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Proportion of 1 m plots occupied by
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Figure 16 Proportion of 1 m sq quadrats that were occupied by plant species
at Natural Bridges National Monument in 1992.
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‘Comparison of Proportion of 1m plots occupled by
Plants in Natural Bridges (1992)
in areas with tral (with),
without trail (without) and in wrall (in)
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Figure 17 Proportion of 1 m sq quadrats that were occupiéd'by eco]ogicél plant
groups at Natural Bridges National Monument in 1992.
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Proportion of im plots occupied by
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 In areas with trall (with),
without trall (without) and In trall (in)

O
’0

v, v
O
XX

¢,

v,
,
N

OC
O
5O

5

2

)
)

v v
.0

Q
X
*
a

v
*
*,

Q)
0.
&
0.

A

v,
)
v
Q)
A

)
)

O)
A/
A

v
*

v,
O
8

L)

@,

@,

@,
-,
D
2

a

R

Figure 17 Proportion of 1 m sq quadrats that were occupied by ecological plant
groups at Natural Bridges National Monument in 1992. .
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MWU=188, P=0.0001

.........
...........

Figure 18 Number of species per pool at Natural Bridges in 1991.
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-IMWU=178, p=0.01 |14

No. of Pools

Bottom Type

B Areawithtrall [l Area without trail

‘Figure 19 Distribution of pool substrate types at Natural Bridges.
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Mppeciiz 1. Lists of species observed a; Canyon‘an‘s iz 1990 an¢
1991, with commeats a1 our confidexce im our identifications,

Plants

Commezis
Identiiication : or Identifjcation
Trees
Popuius fremonti - Coitomwood
2amarix ramosissima - Tamarisk
dinus edulis - Pinmen
0izeya tesota
Jagiperus 1ne'ns
§:axians gnogai - Siagle-ieaf ash

[y

-t Bt B3 B0 Pt g e

ﬂVl‘ns
Atripiex canescens - Four-winged saii-tusk
Artemisia tridentata - Big sagebrusa
b.c annestgig
1. lndoviciana
b filifolia - 0ld man sagebrush
Sarcobatus yermicuiatus - Greasewood
Chrysothamnus pauseasus - Rubber rabbitbrush
Saiiy erigua - Samd bar wiilow
-8, iutea

Tohedra

—_ gao

Cad B b § 0 Ppd Boa b Pt s

3 |

Herps

Castiileja iipariifeiia - Wyoming paimidrusk
Mebrosia acanthicaroa - Bur ragueed
‘Machaeranthera canescens

thelyoodiun jntegrifolius - Tall theiypody
Ocuntia polyacantha - Pricklypear cactus
Sphaerajcea qrossuiarifoiia - Globe maiiow
Artemisia dracunculis - sagebrush

Melilotus ajba - White-sweet clover
QOenothera pal]ida - Pale evening primrose

0. jongissima - Sall yellow evening prizrose
Gutierreia sarothrae - Broom snakeweed
w82iiiam mantapun - Tail peppergrass

L. iagifoiiwm

L. fremoati

Suaeda toryeyana - Jorrey seepweed
Zcainocereus trigiockidiatus - Claretcup cactus
Asciedias sp - Miikweed

Cymopterus sp - Cymopterus

grigerar sp - Daisy

Cirsium - Zhistie

Caenopod {Chenopadiacae)

P— et Pas

— g ea

e KD €D oD KA Bt Cad B—F b o8 Pt hod Bos poa D B0
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sav-toothes dandeiior ({Compasitae)
yellow barx

cabbage piant

soze £lower
geterotheg viliosa - Goiden aster

£5008p ugaiiiifalia

ol;nag svarsifoiius - Goldenrod

Stapieya pinpata - Prince's Piume
Rosa - Rose
Abropia ragreps
Astragaius - Locoweed
Senecio muilijobus - Groundsei
Sgupsendi incana
G;.-a 1ongifiora

ggrega,

2 ar.c‘.\.u cymdajaria S

faeyisperra ' 3

Lo AT DO A TY

b Bmt Beet LMD B4 ad per mev pee 8 -0

a y ..

Grasses

Svaraboius Spp Dropseeds

Stipa hymenoides - Izdian Rice Grass
§, comata - Needie and thread grass

Bouteioua graciiis - Blue.grama

Distlchii gigat - Desert saltgrass
Ugnierder asne' -

2iymus angue; is

Elymus - Riidrye

%02 fendleriana

dazostis alda

grass sp 2

grass sp 3

grass sp 4

B O R P e N Ll O Y]

ne' spe*xes
J;ngug‘;czgoi - Western virgia's nowet
gggcu ‘articss - Rush
Tquisetin SPP { . hyqemale and E. arvense)
Horsetaii 3
Sairpus - buirush : -3

-

b

Kotes:

All identifications are to the ievel listed. .

Comments on identificationt 1= species identification is certain, 2 = educated guess, 3
= Gexus idertifisation is certain, 4 family identification is certain, 3 = order
jdentfication is certain, 6 = unknown, but represents just onme specxes.

Ses Tadle - for sommenis o species distributions across treatmest

Aquatic Anieals
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proportior of poois ossupied proporiion of poois ossupied

! ' June sampies valy sampies
Canyonianis area area area area area area
: jasking ¥ith facking with - . iacking o Uwith
ldentification roac raad roac road road - roac
Notopectidae - back swizners £.923 0.800 £.989 0.563 ° - ¢.80¢C 0.867
fysoptera - damsellly zaials C.765 £.96L 1.00 £.93§ 0.933 0.800
Gyrinidae - whirligig bettles 0.769 G.400 $.778 §.623 .333 £.867
Gerridae - water striders 0.923 ¢.90¢ 100 0.8.3 2,000 1000
Rema;omo*pna - hgrse hair worzs 0.385 0.350 0.778 ¢.a0¢c £,333 0.200
Coieoptera (Hycrophiiidae?)
bydrophilids 0.385 0.400 0.444 0.250 0.400 0.867
Corydaiidae - "heigrimites” £.154 ¢.300 ¢.00c ¢.000 ¢.00¢ 0.000
frichoptera - caudisfly larvae 0.077 0.000 ¢.000 0.00¢ 6.000 - ¢.00¢
Culicidae - Dosguito iarvae 6.077 6.000 0.00C . £.00¢ .00 §.0o0
Holiuscs - smails 0.000 £.200 .356 6.813 0.867 0.867
Beiostomatidae - water pugs 0.000 0.100 (.11 £.00¢ ¢.00¢ 0.000
Anisoptera - dragonfly naiads 0.000 0.000 0.111 0.i25 0.333 0.333
Bufo woofhousii - woodhouse's.toac -
juveniles 0.000 0.000 0.333 0.063 - 0,000 0.000
Bufo punctatus - rec spotted toad
juveniies 0.154 0.000 0.000 0.000 6.000 0.000
Scapkiopus jntermoptanus - great pasin
spadefoot toad tadpoies 0.308 0.130 0.000 ¢.000 0.000 $.000
Bufo tadpoles - toad tadpoies 0.613 0.630 £.556 0.500 0.533 0.467
Sorixids - 0.000 8.00C 0.600 ¢.00¢ 0.067 0.067
Kotes:

3ufo tadpoies include both red spotted and woodhouse's toad tadpoles as discussed ahnve.
All taza ave idertified correctiy as listed. .
K tara represert ome species wiil the possible exception of cu11c1uae,

Spall Mammals

identification Comment on identification
Derompsous b 'az'e; - trusk mouse certain of identiiicatiop
g truei - pinor mouse certain of identification
P, mazicuiatys - deer nouse certaiz of identification
[. ¢rinitus - rock mouse ideatification likely - need szull

to positively separate it from brush mouse

Reithrodoniorys megaiotis - westert
sarvest mouse
Jeotoma alkiquia - white-throated

certain of identification

woodrat
E. pexicana - mexican woodrat

B. ginerez - bushy-taiied woodrat

Yipodgnys ordii - ord's kangaros rat

certain of identification

identification likely - need skull to
positively separate ii from desert woodrat
cettain of inent1 ication
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Notes:

ses Taties 9 and of for distrizution of species acrass irzaiments.

Birds
{anyazians
ares area
ldentitication iacking trail  with trail
Turdus pigratorius - vgdis . absent oresent
deronautes sagataiis - white-throated swilt present present
Fachysingcia thajassira - vioiet-greer swailows present presect
ZTenaidura macrourg - mouraing dove preseat present
2yochilidae - hummingdbird present present
Selasphorzs plagsersus - broad-tellel tummingplird  presest present
Archilachus alegandri - Slack-chiazed huemingdird  present absent
Selasprarzs rufus - rufus tummingdird present absent
Pringiiiidae - sparrow oreseat present
¥eiospiza meiadia - song sparrow present abseat
nazrichia leuzondrys - white-crowned sparrow absent © presect

Spigeila passerina - chipping sparrow absent present
Aophispiza pelli - sage sparrow apsent present
Pocecetes gramizeus - vesper sparrow absent present
Pipiio ergitrophthalmus - rufus-sided towhee present present
¢hiorura chiorura - green-tailed towdee " absent present

=ives3 caeruiea - tiue grosbeak present absent
Geaia yais trichas - yeilow throat present absent
epdroics detechia - yeliow wardler present asent
Paruiidae - wardler absent present
Risonia pusiiie - Rilson's warbier - present absext
Vireozidae - vireo - : } present ahsent
Anas Siscors - biue-wipged teal : " absent . present
fattaries aura - turkey vuiture absent presest
Cozvus corar - rave: present presert
Gyzooriisus cvangepiajus - pinon jay absent present
Aotedazoma poeruescens - scrud jay ' preseni present
Yolothrus ater - brown-headed cowdirds present present
Dendrocopes spp - downy or dairy woodpeckers present present
Co}avies sp - commor flicker presest present
Psaltrivarus mipimus - common bushiit presezt present
Parus inornatus - plain titmouse absent present
o, gambeli - mountair chickadee present present
Toteridae - tlackird absent present
Pziiopiiia caernjea - bive-gry gmatcatcher absent presect
Viriarcius sizerascens - ash-tiraated flycatcher presert absent
fyrannidae - fiycatcher absent present
Saipinctes aksoleils - rock wren absent present

Kotes:
Al species are identified to the levels jisted in the tabie.
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Appendix II. Lists of species observed at our Arches study site
in 1992, with comments on our identifications.

Plants

1 .
Identification : Conments
Trees

Qg; fremonti - Cottonwood

Tamarix ramosissima - Tamarisk

Shrubs

Salix exiqua - Sand bar willow
Chrysothammus naseosus - Rubber rabbitbrush
Artemisia tridentata - Big sagebrush
Gutttierizzia sarothrae - Snake weed

o

e

" Herbs

- Artemisia Judoviciana - Louisiana wormwood
A. campestris

Ambrosia acanthicarpa - Bur ragweed

Aster brachyactis - Aster

Xanthium strumarium - Cocklebur

Suaeda - Seepweed

Thelypodium integrifolium - Tall thelypody
Astragalus - Locoweed .
Abronia fragrans - Sand verbena

.Gilia agqregata - Scarlet gilia . ‘
Castilleija linariifolia - Wyoming paintbrush
Oxytenia acerosa - Copperweed

Haplopappus drumondii - Happlopappus
Hymenopappus filifolius - Hyaline herb
Grindelia squarrosa - Blanket flower

'Conyza canadensis - Horseweed

Melilotus alba - Sweet white clover

Grasses

Muhlenbergia - Muhly grass
§tg,p_a humenoides - Indian rice grass
. comata - Needle and thread grass

et b et e e (0 L0 B (D Y B

- W

Agatics
Juncus articus - Wiregrass 1

Small mammals

Mustela frenata - Long tailed weasel
Peramyscus maniculatus - Deer mouse
B. bgz_l_gl Brush mouse

P. gripitus - Canyon mouse

Neotama albjoula (could be N. lepida)
N. __mgg_a_l_ Bushy tailed woodrat

m_a_lgtﬁ Western harvest mouse

N
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Onchymys leucogaster (juv. specimen, could be
Q. torridus)
Perognathus parvus - Great Basin pocket mouse
Dipodomys ordii - Ord's Kangaroo rate
1

Comments categories

1 - certain of identification
* 2 - educated quess as to species 1ndent1f1cat10n, genus certa:m

3 -.genus certain

=N
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~ Appendiz II1. Species encountered durirg the systematic surveys al Hatural Bridges
ationa! Monument. The species distributions are zsied iz 1999, and commects are made as
to how certain we are of its listed identificatisr.

' Plants

1990 samples

Junber of quadrats occupied per grid

Piant Location (Grid)
Comments irt ] trt 2

tdezdificaiis on 1B i 3 2 4

3rees
‘Qaercus ganteiii - Gampei's Oak
oouius fremoptii - Cottonwood
Juniverus osteosoerma - Utah Juniper
- Praginus anomaia - One Leafed Ash
Acer negunds - Box Elder .

Cherr

OV bt gt pend o i
D €D =0 = L Y
€D €D et D =)
.
Pt Lad €D S D
.
€ €3 PO A3 L )

Skrut
dopuius ananstifeiia - Narrow Leaf Cottonwoad
fohedra viridis - Horman Tea
Rbus trilohata - Squawbush
saiiz eziqua - Sandbar Willow
¥ahonia fremenii - Premont's Mahozia
Cercocarpus montapus - Alder-ieaf Mouztain Mahogany
C. ledifolius - Hountain Hahogany
* Chrysothamnus pauseosus - Rubber Rabbitbrush
Rosa woodsii - Rose

—

S = D = D e OO O

—

(]

ot it bt ot b oot et it B A

[ B - O N S — R PN - - Y ]
L 2B

C Y be? LoD = U =P D e

- D S B €D D D Y e

Serds

anoria repeps - Oregon Grape

Yucca baccata Datil Yuca

Sohaeralcea grossaiarjaefoiia - Globe Mailow
Opuntia poiyacaptha - Prickiypear Cactus
QOenothera - Primrose

Erigeron divergens - Spreading daisy
plantain

ipiaptair

pink wiilow

Cynoterus sp - cymoterus

Lepidium moaianum - Tal! peppergrass
Brtemisia drasunculus - sageprus:

sguare rouod

tajry tongue

wdite step

Goidenrod (§3:idage sp?)

A T Oy TN D RS s T gy P Dl A et et pe
—

OO OO I L DO U U U O O
bo poa

O s € b OB s €3 D b OO €I T D D
[

CO D st i OV D LI W pe L =) D O S S 'O
Py ~

€3 € s €3 44 OO0 42 €3 p3 OO P LO NI S =t €D

—



Astragaius sp
" vound spizac
yeiiow spot
four ieaf
ferds (cont.}
t90:2ed jeaf
Cigsium . .
cejery Il
waite cherr

Grasses

Sboroojus spp - Dropseed (maiziy §. cryptansrus
Stipa pymepoides - Indiac Rice Grass

dgrieur ubatum - Foxtail Barley

Phragnites commupis - Commen Reed

Bilaria jamesii - Galleta

grass sp 3

grass sp 4

grass sp 3

Other piants
Clematis Jigusticifolia - Western Virgins Bower
" Juncus articus - Rush

Squisetun spp (E. yqemale and E. arvense) Horsetail

total number of species

Kotes:

O o O W

I oy T Bt b=t =t B LD

1
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3
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Ecologizal groupings (trees, shrubs, herds, and grasses) listed in this table show where

species are grouped iar the ecological groupings azaliyses.

Comments on identification: 1 = species certain, 2 = educated quess, 3 = Genus certain,

4 = family cersair, 5 = order certaiz § = uxknowr, but oniy one species present.

Additiona} piazt species added in 1992

Indentification

Trees
No pew species

Sahrups

Symphoricarnos jongifjorus - Long fiowered snowberry

Guttierigzia savothrae - Snake weed

ferds

Serecio muitilobatus - Butterweed )
Virabilis mui:ifiora - Long flowered 4 o'clock
Li=up aristatup - Yellow flax

Zeliaziieila microcendaia

Lomatiup parryi - Parry tiscut root

Comment on
identification

=

=t ot fd Pt 0



Chenopodjun aibum

Astragaius zo:iissimus - Locoweed
cownsexdia apnua - Townserdia
fraqopogor dudius

Cryptantha flava

Pachystima pyrinites

Leptodactylon pungens - Prickly gilia
Sisymbrium aitissimum :
¥achaeranthera qrindeligides

Galium muitifiorum - Bedstraw
Eymenoxys acauiis - Stemiess bitterweed
Swertia albomarginata

Ariemisia ludoviciapa - Louisiana woramwood
Solidago soarsifiora - Goidenrod
Penstemon cyapocaujis

Aster chilensis

[

[T

=3

Gm® $d Pad oot pod Gt B ot foed ob Bt ot et §oob

Grasses

Poa fepdleriana

Elypus trachycaulum

E. spithii

Calamagrostis ssooujorum

Raropyrop cristatum

Bromys imerais

Plantain - unkown basal rossette, iikely a mustard

OV Pt et Gt b et Pt

Couments on identification key
1 = species identification certain, 6 = unkaown

Aquatic Raimals
’ Proportion of pools occupied

~ _area vith " area

Tdemtitivation ' no trail - with trail
Notonectidae - back swimmers 0.275 0.231
Gyrinidae - whiriigig beetie 0.250 0.103
Gerridae - water striders 0.900 0.64i
Nematomorpha - horse hair worms 0.150 0.359
Coleoptera (Hydrophilidae?) - Eydrophilids 0.125 0.128
Dyticidae - dyticid beetles 0.050 0.051
Sricoptera - caddisfly larvae " 0.500 0.179
Culicidae - mosquitoe larvae 0.200 0.282
Coleoptera ? - large headed worm 0.025 0.000
Mnisoptera - dragonfly larvae 0.025 0.000
Corizidae - water boatman 0.050 0.051
Chironomidae - midges 0.075 0.205
Anphipoda - amphipods (scuds) 0.475 c.410
Bufo tadpoies - toad tadpoies ~0.450 0.385
Anbystoma tiqripum - tiger salamander 8,02 0.000
Hyla apemicolor - canyon tree frog 0.850 0.000
Rana sp (pipieps ?} 0.000 0.026
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notes:

Bufo tadpoles are maialy Woodzouse's toad tadpsles but inciude some Red spoiied toad
tadpoies, indenifying these to species requires a jot of handling and it commorly ieads
to death of the tadpoie, we ief: the identifization at the ieve! of genera.

fana sp belongs to the R. piniens group, to deternine which species it is would probably
vequire an electrophoreiic amaiysis. :

L1% ipdenciZications represent indivifuai species. (except possitiy .the chironomids) even
though we have only labeled the taxa to family or aigher grouping.

Birds
area area
Identifizaiion lacking trail with traii
9ipila erythrophtiateus - rufus-sided towhee present present
fonotrichia jeucophrys - white-crowned sparrow  present absent
- Faico sparverius - kestral " present abseat
jeropautes sazatalis - white-taroated swift present presen:
fachyeincta thaiassina - vielet-green swallow  present absent
Seasphorus platycersys - broad-tailed
hurmingbird preseat present
§. rufus - refus huemingbird preseet absent
Zvgonitidze - tuzmingdird absent present
oryss gorax - rave: oresent present
aohejocoma coernjescens - scrub jay present present
Parus atricapillus - black-capped chickadee present absent
3saitrinarys zinizas - sazmon pushtit absent present
- notes:

. Rli species were identified'tn the tazon listed in this.tahle.
Small Nammals

Identification ‘Comments on
identification

Peromyscus mapicujatus - Deer mouse

. poylii - Brush mouse '

2, zriaitus - Camyon mouse

3, trusi - Pizon mouse

Yeotoma albigula - White throated woodrat

X. lepida - Desert woodrat

B. cinerea - Bushy tailed woodrat

Yus muscuigs - House mouse

Kicrazus - Vole

Perognathus parvus - Great Basin Pocket mouse

bt ol Pt bt B3 Bt mt bt s e

Comments on Identification key o
: = species certaiz, Z = genus certain (but may be §. aldigula), 4 = Pamily certair,



