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ECOLOGICAL SITES OF THE WALNUT GULCH EXPERIMENTAL WATERSHED
Philip Heilman, &ffry. J. Stone, and @nielRobinett

ABSTRACT: Soil and water conservation efforts on rangelands require a marriage of hydrologic and range management
concepts. One importanange management concept is that of an ecological site, which is defined by its ability to produce a
plant community consisting of certain kinds, amounts, and proportions of vegetation. Multiple soil series can produce the
same plant community, and sceaaissociated with a single ecological site. One can create maps of ecological sites using
SSURGO soils maps by assigning map units, each consisting of a number of soil series, to the ecological site of the dominant
soil series in each map unit. Such mayestao coarse for ranch management. However, these maps might be the only way to
apply currently documented range management knowledge in hydrologic models, at least until ecological sites are more
widely mapped. The Natural Resources Conservation Se(MB&ES) provides written descriptions of ecological sites,
including a state and transition model aswmeinformation applicable to hydrologic models. We examine the utility of
ecological sites for hydrologic research in the context of the Walnut Gulckrithgntal WatersheWGEW), a 150 krf

research watershed in southeastern ArizonailM&rate the distribution of ecological sites across the wateystesgribe a

state and transition model and itsanagemenimplications for one ecological site, Loanypland list the common
ecological sites on Walnut Gulcand present hydrologic information about ecological sites @oetd in NRCS site
descriptionsand explain how to access ecological site information for other locations bagelSSURGOdatabase
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INTRODUCTION

As the Southwestds population grows, the focus of range
the dominant rangeland management objectii@v, open space, recreation, wildlife habitat, and watershed protection
increasingly influence land management, especially on public land. Hydrologic objectives of importance include eeducing
site runoff ancerosion anaff-site sedimentation, as wedls the maintaining riparian ecological communities and avoiding
flooding and associated expensive infrastructure investments. In rapidly urbanizing watersheds, communities will attempt to
maintain natural flow regimes through a combination of designetstape features in developed areas and vegetation
management elsewhere. Hydrologists will increasingly be asked to quantify the hydrologic effect of potential management
options as part of integrated efforts to achieve a number of objeatittes waterséd scale

ECOLOGICAL SITE DEFINITIONS AND DESCRIPTIONS

Rangeland managers manage vegetation. Thus, they need a conceptual framework that defines potential vegetation
communities, describes how management can shift from one vegetation community to, andtdecuments the expected
benefits provided by the various potential vegetation communities most widely usedonceptual unit in the range
di scipline is the (2003 Bilgljdceafli nseist eadn. eTchadlistiNgi\vei@ad of land Witk t o b
specific physical characteristics that differs from other kinds of land in its ability to produce a distinctive kind antiaimou
v e g et @ntAiizona théNRCS Bureau of Land ManagemerBureau of Indian Affairsand Arizona Stateand
Department all use ecological sitegamgdéand management. The Forest Service uses a similar concept called an ecological
type, and an interagency effort is currently underway to standardize the approaches.

Completeecological site have an gprovedwritten description. The sitén southeastern Arizona have been under
development since the first versicoisi r ange siteso in the 1960s. One signific:
range of ecological information contained in the descriptiosupport management for objectives other than grazing.

Another significant change was the adoption of state and transition models in the place of condition claasily that
assumedhe potential fom continuous progression through seral stagestalig et al(1989 pointed out thatparticularly
for arid and semiarid regions, vegetation can enter states that are difficult to change without substeg@merinputs.
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Subsequently, there has beesubistantiakffort to define state and trarisit models for ecological sites. The NRCS
defines a state as fa recognizable, relatively resistant
climate, the soil resource including soil biota, and the associated aboveground plani ¢oin t Aitransition is defined as
fithe trajectory of system change betwstates that will not cease before the establishmenhefestate (NRCS, 2008, p.
3-1.3). Some observers notkat concepts in state and transition models are still bewgjajged and need to be linked to
underlying ecological theor{Briske et al., 2006 In addition to state and transition models vad#scriptions angictures of
each state, site descriptions also contain information on physiographic, climatic, watwil &atures; a detailed species
list; soil and canopy cover; a typical growth curirgerpretations of how the site is used by wildlife, hydrologic response,
and recreation potential; and the locations of the site in relatively undisturbed conditions.

Defining ecological sites often requires the difficult taskidrawing line® through natural gradients. The need to explain
ecological site concepts to land managers and the extensive nature of rangelands imply that ecological sites are often
Al ump athyer degree thanttiey weredefined and described for research purposes. The least disturbed vegetation
community found growing@n similar soils, slope, climate, and other factors defines the Historic Climax Plant Community
(HCPC)for each ecologidssite. While identifying ecological sites often requires examining soil characteristics in the root
zone and knowledge of local seiaterplant relationshipsn many casethe differences between sites are obviousreord
specialists could identify theoundariebased orslope breaksr geomorphic features.

Ecological sites occupy a middle position within a hierarcharad classificatiorsystem defined by the NRCS. Several
soil series are usually grouped to comprise an ecological site, and grogp$ogfal sites form subdivisions of Major Land
Resource Areas. The area in southeastern Arizona around the USDA Agricultural Research Service, Southwest Watershed
Research Center, Walnut Gulch Experimental Watershed (WGEW) is a transition zone betvsothe and Chihuahuan
deserts, influenced by both summer and winter rains. This area, known as Major Land Resource Area (MLRA) 41
Southeastern Arizona Basin and Range, is subdivided into@ueenon Resource Areas (CRAs) formeddmyual
precipitation nnes: a brush dominated zone (48D mm, 412AZ Chihuahuanr Sonoran Desert Shrub Mixa grass
dominated zone (36800 mm, 413AZ Arizona SemiDesert Grasslangdand a zone dominated by oak savannah-&D
mm, 421AZ Mexican Oak- Pine Woodland and Ogkavannajh Almost D0 ecological siteare defined within the 3 zones

It is prudent to mentioa fewcaveats about ecological sites. While ecological sites have been mapped on manyasanches
part of NRCS conservation planninggither sites nor statesdrewidely mappedat the landscape scallso, while all
western states have defined and described ecological sites, not all site descriptiofis-dia@eipand completén particular,
information associated with alternative states is often lim®eebrtime the format for site descriptions can be expected to
changeas he scientific tools to support rangeland vegetation manipulation require interdisciplinary research and are still
under developmerfHerrick et al., 200%6

ECOLOGICAL SITES ON WALNUT GUICH

WGEW is located almost completely within the grdssninated zon€CRA 41-3), except for a small portion in the oak
savannah zone at the highest elevations. Figure 1 shows the distribution of ecological sites on Walnut Gulch. The ecological
sites weremapped concurrently witasoil surveyof Walnut Gulch(Breckenfeld et al., 1995and to the same standards.
Additional information on the geology, geomorphology, and soils of WGEW can be fo@stdrkamy2008.

Limy Upland and a complex comprisedtafo sites, Loamy Upland and Limy Slopes, are the most extesiségon
WGEW. Limy Upland dominates the northwestern portion of the watershed, including thedmmmhated Lucky Hills
study area. Althoughimy Upland sites in this CRA hawnough precipation to support grassominated vegetation
communities, the soils are high in carbonates and coarse textured, and so naturally droughty, favoring brush over grass. The
Limy Upland site tends to be dominated by drought tolerant shrubs like crebaota(tridentatd and whitethorn acacia
(Acacia constrictavar constrictaor paucispind. Skirvinetal. (2008 cl assi fy Lucky Hills in the
category. Grasses comprise up to 30 percent of annual production on undisturbed Limy Ulelsrasdsless on areas with
a history of grazing. Limy Uplands that have been heavily grazed often produce little forage except annuals in wet winters.
Herbicides and fire can increase grass production in the-ghmgrbutsoil moisture limigtions causehrubs taeturn to
dominance inthe longrun.

The mapping unit consisting of a complex of Loamy Upland and Limy Slopes covers much of the northeastern portion of
the watershed, including the grassminated study area known as Kendall. Limy Slopes ar#asito Limy Upland in
having very calcareous soils, although there is a thick, dark colored (mollic) surface over the calcicSkibsnikt al.

(2008) classi fy Kendbomihantispecies dn&endadveiactudedblack graneaoutelqua

eriopodg, sideoats gramaputelouacurtipenduld, threeawn Aristida sp.) and cane beardgragothriochloa barbinodis

(King et al.,2008. Potential problems with Limy Slopes include invasion by Lehmann lovedteasgrstis lehmanniana

Nees)or the shrub species dominant on Limy Upland. With {tergn erosion, Limy Slopes can lose their mollic cap and
degrade to a Limy Upland site with calcic material at the surface. Loamy Upland, found on 1 to 15% slopes, is very prone to
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invasion by Lehmamlovegrass, as well as mesquidqsopissp.).Both Limy Slopes and Loamy Uplartthve a much

greater natural potential to produce grass than Limy Upland, with up to 85% of the annual production on undisturbed sites
coming from grass and grasslike specisish control measures have a much greater chance of long term success than on
Limy Upland, although fires frequent enough to kill small shrubs and trees may be needed to maintain open grasslands.
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Figurel. The ecological site of the Walnt Gulch Experimental Watershddcluding the Precipitation Zone (in inches)

A state and transition model for the Loamy Upland ecological site is shown in Figure 2. The model for this site includes 5
states. A sixth state is considered sgrddedby soil erosiorthat it has crossed a threshalud now has different, less
productive, potential plant community. Within the Historic Climax Plant Community state, fire and drought could cause
temporary shifts between the three plant communétiesvn.

By 2006, seed sources for both mesqaitd Lehmann lovegrag$ransition 1ahad appeared in the Loamy Upland areas
around the Kendall study area. The vegetation was beginning to transition froi@Bt&sthte toward the Mesquite,
Lehmann state asmall mesquite trees were getting established and Lehmann lovegrass was appearing on ridges. Prolonged
drought resulted in high perennial grass mortality prior to the 2006 summer monsoon. Lehmann lepegmdsapidly
following drought (Robinett, 1992and2006saw a significant shitbwardLehmannovegrassand the Mesquite, Lehmann
state Once Lehman lovegrass starts producing seeds it is very difficulbimate, even with herbicideslanagement
objectives for grazing and/or returning to {iferopean ecological systems favor attempts to shift from most states toward the
HCPC statgeif economically justified. However, if the principal objectives are to minimiz@ff anderosion, one might
favor the Mesquite, Lehmann state, particularly if megqebver is limited, as Lehmann lovegrass can produce up to a third
more biomass than native grassasce established



2010 AWRA Spring Specialty Conference March 29-31, 2010

Figure2. The State and Transition Model for the Loamy Upland Ecological Site.

ECOLOGICAL SITE INFORMATIONFOR WATER RESOURCES MANAGEMENT

Given the complex and spatially extensive nature of rangelands, a Geographic Information System (GIS) should be used
to manage information on rangelands for water resources. On the WGEW spatial information is availabde o
precipitation, runoff, and sediment at selected locations. Channels, watershed boundaries, vageétatiwar spatial
information as GlSayers are also availab{eleilman et al., 2008)The GIS layer fothe ecological siteshown in Figure 1
can be accessedlatp://tucson.ars.ag.gov/dapiable 1 lists some of the salient information of interest to hydrologists for
Walnut Gulch from the site descriptioss a general rule, soils information should come from SSURGO and vegetation
information from ecological sitesSthe WGEW ecological site GIS data layer, and the associated information maintained in
the NRCS ecological site descriptions, offer hydrologists interested in understanding management effects on rangelands an
opportunity to exploreyse, and refine information on ecological saesl their associated soil seties

Additional information for each site can be found in dffigcial descriptiondoundat the Ecological Site Information
System websitéttp://esis.sc.egov.usda.gofdccessd 2/10/201Q)Ste descriptions can bd#ownloaded aapproved reporis
although most data will have to be extracted manuallypical application of ecological site information is for the
parameterization of simulation models, especiallytiierannuaproductionof vegetationas in the Automated Geospatial
Watershed Assessment tool, AGWHIth://www.tucson.ars.ag.gov/agwa/; accessed 2/10j2&bblogical sites have also
been used to estimate grazing effects on production, cover and economic retais @nGulch(Duan, 2005)Both
AGWA and the Duan study uséldke older conition class concept testimate stocking rates, rather than State and Transition
models



