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Executive Summary

Domestic livestock grazinigas occurreth southern Arizondor several centurg andin what is

now the Rincon Mountain District of Saguaro National Park for most of the period from the
1870s to the 1970s. In 1976ostly afterthe rescission ahegrazing permitn the Tanque

Verde allotmentNPS ecologist Warren Steenbergh initiadddng-term study, with both

treatment (recently grazed) and conttos(oricallygrazed) plotsto examine the lonrgerm
implications of gazing on vegetative commuieis within this protected are#itial results of

this study were never published, but photos and data from the project vadgseaeered at

Saguaro National Park in 200/ 2007 park staff relocated the original points eekated the
study.This report detailsraanalysis fromsurveysof tenplots in 1976 and 200Dur results

indicate thatluring the past three decadesgetation change has been significant on both the
treatment and control plotOverall, mosplantlifeforms (grasses, subhrubs, vines, succulents
including cacti) have increased in cover and density, but trees have decféasedults

suggest thahe effect of remoing cattle from the park has not been as great on vegetation as the
effect of othe environmental chargg such as increased precipitation and warming temperatures
during the 30year period between 1976 and 2007.

Introduction

The presence of domestic cattle in southern Arizona was documented as early as the late 17
century Allen 1989 and has persisted with varying degrees of intensity to the present day. The
area that is now the Rincon Mountain District (RMD) of Saguaro National Park was grazed with
varying degrees of intensityasting in the 1870s and extending for the next y€#rs

(Clemensen 1987; R. Pinto, University of Arizona, pers. cgmm.

In 1935,shortly afterthe passage of thieaylor Grazing Acof 1934,Saguaro National

Monument formalized grazing agreemelysestablishing three allotments. These three

allotments were called tHeincon Allotment (23,000 acres), the Pantano Allotment (6,700

acres), and the Tanque Verde Allotment (16,000 acres). The Happy Valley Allotment was added
in the 1960s anthcluded6,700 acres of monument land. These allotments weeeated for

several decades, changing hands numerous times. In the coming years, however, grazing was
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gradually reducedIt was eliminated in the Cactus Forest area in 1956, and throughout the entire
monurrent in 197§ Clemensen 1987)

By the 1970s, attle grazing and its impact on saguaros and native Sonoran Desert vegetation,
especiallyin a national monument that was creategrotect this vegetation, had become highly
controversialScientistadentified thedetrimentaimpact of livestock on saguaros (Niering et al.
1963) anctalled for the removal of livestock from th@onument (Niering and Whittaker 1965;
Steenbergh 1976dhn 1976,a study of the effect of grazing on saguaros in the park by several
prominent ecologists was publishedNational Parks magazinand thispaperwas a factor in

cattle grazing finally being phased ¢&. Pinto, pers. comm.)

Shortly after the rescission tiiegrazing permitn the Tanque Verde allotmemMNPS research
scientistWarrenSteenbergh initiatedlong-termstudy to examine thienplications of grazing

on the vegetative commui@swithin this protected are&teenberghwho hadstudied the
saguaro for more than 20 yeéaterco-authoeda highlyregarded thregolume study of this
plant (Steenbergh and Lowe,78) 1977, and 183). Steenberglvasan outspoken critic of cattle
grazing in the park (Steenberjf76g and in 1976 set out to show the effects of cattle grazing
on the vegetation of the monument.

In the 1976study, Steenbelgestablisheden Q.1ha) plots. Eight of these plots were paired with
grazed and ungrazed treatmeippendix A, andtwo additioral plotswere establisheih

grazed aread.his method otomparing the effects of livestogkazing oradjacengrazed and
ungrazedareashas long been utilized as a means to assess the imphetstockon the
landscapg€Clements, 193¢

After Steenberghdds death in the early 1980s,
found three boxes of data and photographs during a reorganization of the Saguaro National Park
library. Thirty years after the initiation @ t e e n hirgtial gtindg,the plots were relocated and
surveyed to examine lortgrm differences in vegetation communities between grazed and
ungrazed areasver the three decades that had elapsed
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east side of the city of Tucson. Ttiistrict includes a large portion of the Rincon Mountains, is
67,307 A (27,238 hdh area, and ranges in elevation fr@r670 ft(814 m)to 8,666 ft(2,641
m). The district includes both low elevation desert areas and high elevation forests. The 10 plots

in this study range in elevation fragn248 ft (990 m}o 4,692 ft (1,430 n) andare located in the
northwestern portion of the park. Vegetation communities in this area include Arizona Upland
and Semdesert Grassland.

The years preceding the 1976 survey were generally characterized by below average

precipitation regionally withiry conditions again prior to the 2007 surv@igure 1). Climatic

1 On July 31, 2006 the Tucson area received one of the highest amounts of precipitation on record (Perger 2008).
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conditions were abnormally wet during the 1980s and tapered off into a series of abnormally dry
years by the 2000s. Additionally,appears that nearly allots were exposed to fire dng the

30 year period (Figure 2)The Chiva Fire burned the northern portion of the area in 1988, and

the Mot heré6és Day Fire burned the southern por
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Figure 2. Regional anual precipitation recorand grazing historin the Rincon Mountain
District of Saguaro National Monumer@razing period extended frottne 1870s and continued
to 1976 (indicated by shaded area). Vegetation surveys were conducted in 1976 and 2007
(indicaed byverticalred lines.

Methods

Plot Selection

Plots wereselectedn 1976to identify differences between adjacent grazed and ungrazed areas.
Plots 1 and 2, 3and 4, 5 and 6, 7 and 8 are all paired plots9Rlnts10 are unpaireahd

located in a grazed aredteenbergh (197@)oes not appear to select paired plots randomly, but
selectedepresentativelots based osimilarity in exmsure elevation, andiominantvegetation

type.
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Mountain District of Saguaro National Pgtlottom) It seems likely that all or most
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P.Resourcéssaguaro_200\@razing_Plots 9



Survey methodology

Canf i el diresnterceptInéttioll was used to record all living perennial plants, rocks, and

trail crossingsn both survey yeard'his method was applied to determine cover on 2meter

transects spaced every 2.5mthin each plo{Figure 3. The height of each individual plant was
measured to the nearest 0.5 cm. The maximum height of the entire plant was recorded, regardless
of whether the tallest portion fell on the line. Maximum height was measured with a meter stick.
Cover measurements were determined by recording the locations along the 20m tape at which a
plant first intercepts ( fc hedinenA metercst)ckwasusetl t hen
to determine a perpendicular | ine from the ed
intercept were recorded to the nearestotns
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Figure 4. Generabplot layout

In addition to theoriginal research design intended to examine the effects of livestock grazing

through plant surveying and repeat photography, new elements were added to the study in 2006
2007. Biological solil crusts were surveyed and an analysis of soil structure wesralsoted.

Need to decide if we are going to include repeat photos and soil crusts as part of paper; if so we need
a2YS RSOIFAET 2y GKS YSiK-beakd akdpNdodgraphet the odgindeflR6, a | &8 = a
photos, but did not analyze vegetationlcly 3SR o6F aSR 2y (KS LIK2023a®d¢

Statistical analysis

Descriptive statistics are provided in this report for changes in the cofebyifeform. We
usedt-tess to examine the significance ohangsin cover between grazed and ungrazed plots
andsurvey yearsThe statistical testing of the data was separayagtazing effect and survey
year effectAdditionally, we utilized multidimensional scaling to isolate the impacts of grazing
from a timeeffect. Finally,we calculated descriptive stategtiforbiological soil crusts and soil
structure on the plot&\ppendix Eprovides the full survey protocahd results from this
component of the project
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Repeat photography

Steenbergh (1976) established four photo points for each plot and an additional 20 photo points
in the near vicinity of the studRebar stakewith attached metal identification tags were placed

in 1976 toestablish repeatabfghoto points. These photoipts were revisited again in 2007,

with photos archived at the park.

Results

No significantdifferences werefound betweemyrazed and ungrazediant communitiesn either
19760r 2007. There was, however a significant change in overall vegetation composition over
time. In the 2007 survewytensive exploiters, such as grasses, had increased significantly from
1976 levels across all plots while extensive exploiters, such as smadibges, showed a

marked decrease in abundance.

Table 1. Mean cover area (ffor plant lifeforms observed in paired grazing plots in 1976 and

2007. Standard deviations are provided in parenthesis.

1976 1976 2007 2007
Lifeform Ungrazed Grazed Ungrazed Grazed
Fern 0.01 (000) 0.00 (0.00) 0.09 (0.05) 0.10(0.04)
Forb 0.03 (0.01) 0.04 (0.01) 0.05(0.03) 0.09 (0.03)
Graminoid 0.34(0.D) 0.37(0.12) 0.53(0.16) 0.71(0.18)
Shrub 2.55(0.96) 2.24 (0.79) 1.83(0.55) 1.67 (0.48)
Subshrub 0.25(0.11) 0.22 (0.07) 1.91(0.74) 2.01(0.88)
Succulent 4.34 (1.96) 3.32(1.37) 2.62(1.04) 2.14(0.712)
Tree 7.41(2.74) 7.21(2.76) 3.38(1.42) 5.62 (2.51)
Vine 0.89 (0.58) 0.11 (0.06) 1.50(1.04) 0.57 (0.36)
All lifeforms ~ 1.65(0.36) 1.43(0.30) 1.29(0.21) 1.35(0.22)
800
600
€ 400 I
o
e _ 11
o
0 — . I . . .
QQ'& <¢0§0 '®°© ‘%(éo %&\%0 c}}\@& &&Q)@ < \Q@
6"Q§ =3 &>
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Figure 5. Cover area (f) for plant lifeforms in 1976 and 2007 studyplots at the Rincon
Mountain District of Saguaro National Park.
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Differences between treatment and contral976

Grazing had a moderate influence over cover values in, it @he results were not significant
Overall, ®ver on treatmerglotswas 128.1 rhless than on control plotShe greatest difference
between treatment and contveds inshruts and succuleist which had44.5 m*and 653 m?less
cover,respectivelySix of the eight life form categoridégd less cover on treatment than on
control plots; onlygraminoid (grass) anfibrbs had higher cover on grazed plots

Differences between treatment and contrd007

In 2007, previous grazing continued to have a moderate busigmificant effect (itest statistics
here). Overall, gazed plots showed a net gain of 66 &fmmm 1976 to 2007. Six aff the eight

life form categories saw some type of ground cover addition when the plot had been previously
grazed with onlysucculers and shrub decreasing. réesgained71.6 nf over all of the plots.

Differences between 1976 and 200all plots combined

Regardless of previous grazing status, survey year baghificantinfluence on cover values

overall For both ungrazed and grazed plotsnbinedthere was an overall vegetation cover
increase of 1263./° from 1976 to2007.For ungrazegblots alone the increase in cover was
534.5m?. For grazed plots the increase was 72672

50

. 1976

Canopy Cover (Mean+SE%)

Fern Forb Vine GramminoidSubshrub  Shiub Tree Cacti

Lifeform

Figure 6. Effect of year (1976 vs. 2007) eegetation lifeform abundance.

In addition, survey year had a significant influence on cover values for several life forms that
increased over the 3gkear period, including ferns, subshurbs, andwindine ground cover
alone increasefl538.7m? on both treatment and controls from 198&®007. Fortireelife
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forms, shrubs and succulents, cover decreased significantly overyeai3period.Shruls lost
181.1 nf and succulents lost 186afd trees lost 179.6 m2.

Fourteenindividual species showed significant changes at the 86ffidence level (Table 2)
with 9 species increasing in cover and 5 species decreasing.

Table 2. Species exhibiting significatbverchangeat the 95% confidence leviebm 1976 to
2007 on grazing plots at the Rincon Mountain District of Saguaro National Park

Species Common name Percent change
Abutilon incanum Sweet pelotazo 2.56
Acacia greggii Catclaw acacia 3.16
Calliandra eriophylla Fairyduster 4.61
Celtisehrenbergiana Spiny hackberry -2.83
Dalea pulchra Santa Catalina prairie clove 3.12
Enceliafarinosa Brittlebush 4.25
Ericameria laricifolia Turpentine bush -9.39
Fouquieria splendens Ocaotillo -6.47
Janusia gracilis Slender janusia 2.64
Jatrophacardiophylla Sangre de cristo 3.13
Mimosa aculeaticarpa. biuncifera Catclaw mimosa 2.06
Opuntia phaeacantha Pricklypear 2.87
Parkinsonia microphylla Yellow paloverde -5.96
Prosopis velutina Velvet mesquite -3.76

Biological soil crust dataollected in 2007ndicated theresence of six species. While distinct

differences exist in frequency data for individual soil crusts between grazed and ungrazed plots,
there is not a detectable trend across biological soil crusts generally.

P.Resourceéssaguaro_2010\@razing_Plots 13



w
($1

w
o

N
(6)}
I

N
o
1

[EnY
(6)}
I

=
o
!

Mean frequency per plot

(2}
|

N mm

Cyanobacteria Cyanobacteria Moss Black Lichen Copper Lichen Green Lichen
Light Dark

o

Ungrazed = Grazed

Figure 7. Mean frequency of biological soil crust observations per plot by ungrazed and grazed
plots at the RincoMountain District at Saguaro National Park

Multidimensional scaling

Multi-dimensional scalingDS) of grazedversusungrazedlots for both 1976 and 20@b not
indicate a likely gazing effect for this observational study. Thigugthersupported by 2vay
analysis of similaritiesANOSIM), whichindicates that graze effect is not significant (Global
R=-0.208%, P=96%). MDS of all plots by year indicates strg differentiation along axis 2,
with no obvious pairing by plot number. ANOSIagainbacks this effect (Global R=0.344,
P=0.3%) A similarity percentageSIMPER) analysisndicatesthat the species in Table 2
cortributed the most to the dissimilarity.
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v

Figure 8. Multi-dimensional scaling showing grazing effects on ten plots at the Rincon
Mountain District of Saguaro National Park sampled in 1976 and 2007.

Soil stability

Differences in soil stability were minimal, with grazed plots having a mean stability class of 4.07
and ungrazed plots havingreeanof 3.98 This difference is slight and the opposite of the
hypothesis that grazing would have negative implications for soil stalSitayility codes are

located in Appendix D.

Table 3. Soil stability results from a 2007 survey of letegm grazing plots located at the
Rincon Mountain District of Saguaro National Park.

Treatment| Plot | Mean stability class Most frequent cover Most frequent basa
ungrazed | 1 4.53 No cover Gravel (<64mm)
grazed 2 4.50 No cover Gravel (<64mm)
grazed 3 4.30 No cover Gravel (<64mm)
ungrazed | 4 4.07 No cover B
grazed 5 4.33 No cover B
ungrazed | 6 4.03 Forb Gravel (<64mm)
grazed 7 3.63 No cover Gravel (<64mm)
ungrazed | 8 3.30 No cover Gravel (<64mm)
grazed 9 3.30 No cover L
grazed 10 4.33 No cover Gravel (64mm)

Finally, repeaphotos from 60 photo points were collected again in 2007. These photos provide
visual evidence of the statically significant changes across the three decades of the study.
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1976 2006

Plot 4 (ungrazed)

Plot 7 (grazed)

Figure 9. Repeat photos fromaired plots 1 & 2 fronthe Steenbergh Grazing Plots at the
Rincon Mountain District of Saguaro National Park.

Discussion
Steenbergh (1976) notes in the opening remarks of his report that,

AThe condition of natur al vbeansubstantiallgltered n t he
by decades of domestigestockgrazing.Theremoval of domestit vestockfrom these
lands will allow natural regeneratiain at i ve vegetation to occur

While this was and continues to be a widbbld hypothesis, ur statistical analysis of the 1976
and 2007 data fails to suppdrtGrazing had no effect on functional groups, lifeforms, species
or communities ireither 1976 or 30 years later, in 20@7s likely that grazing pressures in the
mid- to late 28" century were relatively minor compared to lat&' a@dearly 23" centuriesand
relative to other factoror that the control plots in 1976 were still influenced by grazing that had
occurred20 yeargreviously (Clemensen 1987).

P.Resourceéssaguaro_2010\@razing_Plots 16

0



Year of observation had great effects, such that intensive exploiters (grasses and subshrubs)
dramatically increased, and extensive exploiters (shantisrees) and water storers (cacti, but
NOT saguaros) greatly decreasetisen 1976 and 2007. This pattesmeflected in the species
and community aalyses. Collectively, these data are compelling evidence of a major plant
community shift that reflects responses to climate, demographytéomgsuccession or an
unknown perttbation.

Management implications

The findings of this study in 1976 and 2007 aretiay to what has been found in similar
studies elsewhere in arid grasslands. We find no significant difference between grazed and
ungrazed plots in 1976 or 200Mhese dta do, however, indicate arcrease in warntlimate
plants such as prickly pear and perennial grasses

These results have potential impticas for saguaro recruitment (edgcreased nurse plants),

fire occurrence (increased fine fuels, though not substantially as of 2007), and perhaps exotic
plant encroachment (depending on outcomes of-ggecific competition)This significant
changean composition could be attributed $everal drivers including long term succession in
response to drought, ground water decreases, or changes in climate.
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Appendix A: Survey methodology

A. Plot SelectionPlots were chosen in 1976 based upon grazing history. Plots 01 and 02, 03 and
04, 05 and 06, 07 and 08 are all paired plots. Plots 09 and 10 are unpaired (Table 1).

Plot Grazing | Location UTM X |UTM Y

Number | Status
01 Ungrazed| Near loop drive, Rincon Mountain Overlook 527683 | 3560904
02 Grazed | Near loop drive, Rincon Mountain Overlook 527792 | 3560799
03 Grazed | Immediately adjacent to Mica tank, NW slope 531325 | 3564717
04 Ungrazed| Douglas Springs Trail nearby Mica tank, NW slo| 531147 | 3565631
05 Grazed | Near Aguila Tank, N slope 532216 | 3565265
06 Ungrazed| Douglas Springs Trail nearby Aguila Tank, N slo| 532169 | 3565702
07 Grazed | Adjacent to Mica Tank, S slope 531230 | 3564809
08 Ungrazed| Douglas Springs Trail nearby Mica tank, S slope 531210| 3565272
09 Grazed | Douglas Springs Trail nearby Tina Larga Tank | 533634 | 3565589
10 Grazed | Near Douglas Springs Campground, 4800 ft 537224 | 3565891

Table 1:Grazing Status. Thglot numbers along with their grazing status, general location, and a
GPS coordinate point.

B. Plot Layout All plots are 20 x 50 meters, rectangular in shape, with rebar at each of the four
corners. The rebar have brass tags designating the plot number and corner number (example
7602 1, Fig.1). Along each of t heeswdleplaced i des
every 2.5m, marking the beginning and end of each 20m transect. Some spikes may be missing
due to rocks or bedrock (Table 2). Several spikes disappeared between 1976 and 2007; these
were replaced when possible. Repeat studies should alaoaepikes if needed.

Plot Missing Spikes
0701 5A, 7,12, 17
0702 2A, 8A, 13A
0705 13A

0707 12 (in trail)
0708 5A, 19

Table 2: Missing Spikes Locations. Ref&r spike location within Fig. 1

Field tape was used to designate the lines withimtheroplot. All of the lines start at the uphill

spike on the 50m side of the plot (this point being 0 meters on the field tape) and run downhill 20
meters. The downhill spikes may not be at exactly 20m due to vegetation or rocks. All tapes
were kept as cke to the ground and taught as possible.
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Figure 1:General Macroplot Layout

C. Data Collection

1. Line Intercept: The line intercept method of Canfield (1941) was used to record all living
perennial plants, rocks, and trail crossings. This method was applied to determine cover on
twenty-one 20m transects spaced every 2.5m in each macroplot. This correspondftteall o

| ocations with 70 galvanized spikes (Fi-g.

2, followed by 1A2A, 3-4, etc. All macroplots were read from uphill to downhill. In the
majority of plots, the upper corner, (Om on both tapes)esponded to rebar 1, creating line 1
2. Occasionally, the upper corner of the plot corresponded to rebar 2, creating.linbe2plot
was still read uphill to downhill, and the line was still called lir2tb avoid confusion.

P.Resourceéssaguaro_2010\@razing_Plots 20

1) .
















































