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PROJECT SUMMARY

Facilitation, competition and woody patch dynamics in a savannapark land

Savanna research has emphasized tree effects on soils, microclimate and grasses.  Little is known of tree-tree interactions and how these might influence savanna function and dynamics.  Furthermore, savanna research has largely been conducted where individual trees are scattered throughout a grassy matrix.  However, the formation of tree or shrub  ‘islands’ is a common, but little-studied phenomenon in many dry lands.  

In this collaborative project, we seek to quantify mechanisms of facilitative and competitive interactions between an overstory tree, honey mesquite (Prosopis glandulosa), and associated understory shrubs in a subtropical savanna ecosystem.  Our goal is to elucidate mechanisms of patch dynamics associated with the physiognomic transformation of grassland and open savanna to closed-canopy thorn woodland.   Our overall objective is to quantify woody plant interactions in a subtropical savanna to: (a) elucidate mechanisms associated with the initiation and development of tree-shrub islands; and (b) predict how species interactions in these islands change across topoedaphically diverse landscapes with time.

Our recent studies suggest (a) Prosopis plants facilitate the establishment of other woody species beneath its canopy to create distinctive tree-shrub clusters;(b) woodlands develop as new clusters form and existing clusters grow and coalesce; (c) facilitation gives way to asymmetric competition whereby (d) mortality of the founding Prosopis plant is hastened by root competition with understory shrubs on some soils; on others (e) Prosopis suppresses development of understory shrubs and a negative feedback develops whereby plants co-exist in dynamic equilibrium. This conceptual model is based on space-for-time field sampling. Experimental confirmation of inferences our studies of pattern and explicit identification of mechanisms controlling patch dynamics are therefore our specific goals.

Specifically, we will test the hypotheses that: 1) Prosopis facilitation is passive: the plant is merely a perch site for birds dispersing seeds of other woody species; 2) Prosopis facilitation is active and the result of its modification of microclimate (1°, early) and soil fertility (2°, later); or 3) The deep-rooted Prosopis nurse plant, benefits seedlings and shallow-rooted understory shrubs by the nocturnal transport and redistribution of deep soil moisture to drier surface soils (hydraulic lift), but, (4) The efficacy of this process is mediated by topoedaphic properties (presence or absence of an argillic [clay-rich] horizon) known to influence soil hydrology and rooting patterns; 5) At latter stages of woody patch development, overstory-understory interactions become highly asymmetrical such that (a) on sites with a well-developed argillic horizon (=shallow soils) understory shrubs exerting a strong competitive influence over Prosopis, whereas (b) enhanced growth of Prosopis on lowland sites receiving runon or on upland sites lacking the argillic layer (= deeper soils) results in a suppression of understory shrub growth.

Our approach will involve a combination of selective removal and reciprocal transplant experiments that will be coupled with manipulations of resources  (light, nutrients and soil moisture) and measurements of plant growth, foliar chemistry, leaf gas exchange, plant/soil water relations, and 2H/ 18O natural abundance. Results will increase our ability to generalize the roles of facilitation and competition in succession and mechanisms of woody plant increase in grasslands and savannas, enhance our ability to represent and parameterize spatially explicit simulation models for tree-shrub-grass ecosystems, and contribute directly to the development of a sound basis for monitoring, managing, and manipulating grasslands and savannas ecosystems.

Results From Prior NSF Support (S.R. Archer).  BSR-9109240: "Spatial dynamics at individual and landscape levels: vegetation cluster processes in semi-arid ecosystems." $749,000. 6/91-5/95. Principal Investigators: EJ Rykiel, H Wu, SR Archer, PJH Sharpe (deceased), and LJ Folse (deceased).


We established basic similarities in the processes of landscape change at two sites with no species in common in south and central Texas. Complimentary use of historical aerial photography, field analysis of plant spatial distributions, and controlled environment /modelling experiments documented and helped explain mechanisms producing a trend away from grassland --> shrublands and woodlands.  The change has proceeded predominantly through a nurse plant (nucleation) process leading to the development of woody plant clusters embedded in a grassland matrix.  This process, termed 'cluster phase dynamics', contrasts gap phase dynamic in forested systems.  Understory shrubs, initially facilitated by an arborescent nurse plant, eventually contribute to the demise of the overstory tree in both ecosystems.  Cluster development thus progresses from facilitation to coexistence to asymmetric competition, with understory shrubs persisting following the death of the nurse plant tree. Although different mechanisms are operating at the individual plant level in the two ecosystems, similar landscape dynamics result. Water/nutrient interactions in the root zone appear to drive cluster dynamics in southern Texas, where woody vegetation is dominated by mesquite and thorny shrubs; light competition appears more important in the central Texas site dominated by post oak and eastern red cedar.  The process of succession is not a general diffusion process at the level of individual plants, but rather a saltational process of aggregation around a founder woody plant and subsequent expansion and coalescence of woody plant clusters.  The project has generated 29 publications to date, 2 MS theses, 4 PhD dissertations and 35 presentations at regional, national and international meetings.
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INTRODUCTION

Goals and Rationale.  Savannas are characterized by contrasting plant life forms:  trees (hereafter used as short-hand for the more general phrase ‘woody plant’) and grasses.   Savanna ecosystems are geographically extensive in tropical (Tothill & Mott 1985) and temperate (McPherson 1997) regions and contain a large and rapidly growing proportion of the worlds’s human population and a majority of its livestock (Young & Solbrig 1993).  As such, they have substantial socioeconomic importance.  The origin, age, and nature of savannas are poorly understood.  This reflects the fact that the spatial pattern and relative abundance of grasses and trees is dictated by complex, dynamic interactions between climate, topography, soils, geomorphology, herbivory and fire (Walker 1987; Backéus1992; Scholes & Archer 1997).  Alterations of grazing, browsing and fire regimes over the past century have de-stabilized tree-grass interactions in savannas worldwide (Archer 1994; Archer et al. 1995).  The result has been a dramatic increase in the density of unpalatable woody vegetation and a decline in herbaceous productivity and diversity. Such changes have the potential to profoundly influence hydrology, biogeochemistry, land surface-atmosphere interactions, biodiversity and future land use options.


Rangeland science has traditionally emphasized herbage response to tree removal with little regard for mechanisms of woody plant increase in savannas.  Most ecological research on savannas has emphasized tree-grass interactions with respect to tree effects on soils, microclimate and grass composition/productivity.  Surprisingly little is known of tree-tree interactions and how these might control and influence function and dynamics (Scholes & Archer 1997).  Our overall goal is to experimentally evaluate tree-tree interactions as a function of time and topoedaphic heterogeneity.

Furthermore,savanna research has largely been conducted in settings where individual trees are scattered throughout a grassy matrix.  However, woody plant ‘clumping’ is a common phenomenon in many dryland systems (Table 1). Tree islands and clusters of woody vegetation tend to develop as pioneering woody plants act as sites of “nucleation” (Yarranton &Morrison 1974; Whittaker et al. 1979).  While the structural characteristics of tree or shrub islands have been widely observed, little is known of their development or how patch properties change with time (Schlesinger et al. 1990; Belsky & Canham 1994).  Our recent work suggests patterns of tree island development are temporally dynamic, spatially variable and constrained by edaphic/geomorphic controls (Archer 1995a). The overall objectives of the proposed research are to (a) elucidate mechanisms of tree-shrub cluster development; and (b) predict how overstory-understory interactions change across topoedaphically diverse landscapes with time.  Such insights and data are a necessary first step toward parameterizing spatially explicit ecosystem simulation models of tree-shrub-grass interactions (Menaut et al.1990; Höchberg et al. 1994; Coughenour 1992) and developing proactive management plans to achieve a sustainable balance between grass-woody plant elements in savannas. 

Questions Raised by Research to Date. Landscapes of the northern Tamaulipan Biotic Province are characterized by uplands with discrete clusters of woody vegetation.  These grade gently (1-3% slopes) into intermittent drainages dominated by closed-canopy woodlands (Figure 1).  Historical aerial photography (Archer et al. 1988) and d13Canalysis of soil organic carbon (Boutton et al 1998) have provided direct evidence that C3 trees and shrubs have displaced C4 grasses on this site.  Plant growth (Archer 1989) and transition probability models (Scanlan & Archer1991), substantiated by tree ring analysis (Boutton et al. 1998), indicate most trees have established over the past 100 y.

Table 1.  Examples of tree/shrub patches in drylands and experimentally determined driving variables (when known).

	Reference
	Location
	Setting
	Nurse Plant(s)
	Mechanism

	Archer et al. (1988)

Bowman et al. (1990)

Callaway (1992)

Chapin et al. (1994)

Cody (1993)

Fonteynet al. (1988)

Fowler  (1988)

Hacker (1984)

Kellman & Kading (1992)

Lewis et al. (1990)

McAuliffe (1984a)

McAuliffe (1984b)

McPherson et al.  (1988)

Mordelet et al.(1993a,b)

Oliveira-Filho (1992)

Rykiel & Cook (1986)

Smith & Goodman (1987)

San Jose & Montes(1991)

Tupas & Sajise (1977)

Valiente-Banuet (1991a,b)

Vitousek&Walker (1989)

Yeaton (1978)

Yeaton&Manzanares (1986)
	southern Texas

Australia

California

Alaska

southCalifornia

central Texas

central Texas

Western Australia

Ontario, Canada

Argentina

Arizona

Arizona

northern Texas

West Africa

Brazil

central Texas

South Africa

Venezuela

Philippines

Mexico

Hawaii

Texas

Mexico
	Subtropical savanna parkland

Sorghum savannas

Coastalsage-chaparral shrubland

Glacial plains

Mojave Desert

Oak-juniper savanna

Oak-juniper savanna

Mulga shrublands

Sanddune succession

Chaco savannas/woodlands

Sonoran Desert

SonoranDesert

Rolling Plains-High Plains

Ivory Coast savanna

Savannas(Cerrado)

Post Oak savanna

Coastal plain savanna

Savannas, OrinocoLlanos

Savanna grasslands

Semi-arid tropical scrub

Volcanicallydisturbed forest

Northern Chihuahuan Desert

Southern Chihuahuan Desert
	Prosopis

Acacia, Pandanus, others

Salvia,Artemisia

Alnus

Hilaria

Quercus

Quercus

Acacia

Quercus

Geoffroea

Cercidium

Opuntia

Prosopis, Juniperus

various spp.

Curatella

Quercus

Acacia

variousspp.

Philiostigma, Antidesma

Mimosa

Metrosideros

Larrea

Acacia
	  -  -  -

  -  -  -

shade, herbivory

nutrients

  -  -  -

  -  --

  -  -  -

  -  --

shade

  -  -  -

  -  -  -

herbivory

  -  -  -

  -  -  -

  -  -  -

  -  -  -

  -  -  -

  -  -  -

  -  -  -

shade

dispersal, nutrients

  -  -  -

  -  --



Grassland woodland succession begins subsequent to the establishment of the N2-fixing arborescent, (Prosopis glandulosa, honeymesquite).  Once established, Prosopis appears to facilitate the ingress and/or establishment of subordinate shrubs.  As additional shrubs are recruited around the founding Prosopis, woody patches expand and coalesce.  Through this process, a grassland or open savanna may thus become closed-canopy woodland (Archer et al. 1988, 1995a).  We believe this process has gone to completion in the more mesic, lowland portions of the landscapein Fig. 1 and that it is still in progress on the more xeric uplands.  In about 25% of the upland woody patches the colonizing Prosopis has died.


Mechanisms of Prosopis dispersal (Brown & Archer 1987) and seedling establishment in grassland have been experimentally examined (Brown & Archer 1989, 1990,Archer 1995b, Van Auken & Bush 1997).  However, our understanding of processes controlling the dynamics of the shrub clusters which subsequently develop is limited.  Research to date has generated several questions. Specifically, is Prosopis facilitation passive (the plant simply serves as a perching structure attracting birds disseminating seeds of other woody species) or active (modification of the habitat to enhance germination/establishment of understory shrubs), and if active, what is the precise nature of the facilitation and how long does it operate during woody patch development? As woody patches develop, does facilitation initiated by Prosopis eventually give way to competition from understory shrubs which then contributes to the demise of the overstory Prosopis plant? Does the relative importance of facilitation and competition vary across the landscape depending on edaphic factors which influence resource availability, and how do patch processes change subsequent to the loss of Prosopis?    Our working conceptual model(Figure 2) is largely based on indirect, space-for-time field sampling and has yet to be experimentally evaluated. Experimental confirmation of inferences from descriptive field studies of pattern and explicit identification of mechanisms controlling patch dynamics is therefore the goal of this project. 

[image: image1.wmf]
General Hypothesis.  As shrub clusters develop, species interactions will change: facilitation  coexistence asymmetric competition (Fig. 2).  However, the balance of competition between overstory and understory elements will depend on underlying edaphic features which control the direction and intensity of below- and aboveground interference by influencing root distributions and resource availability. Over the long-term, coexistence of understory-overstory elements is enhanced when edaphic conditions allow for competitive effects to be minimized (e.g., by vertical partitioning of belowground resources between Prosopis and understory) and beneficial effects (e.g., hydraulic lift by the mesquite overstory) to be maximized.   Specific hypotheses are summarized in Table 2.
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Facilitation, Competition andWoody Patch Dynamics.

  Although woody plant encroachment into grasslands/savannas has been widely described in North and South America, Australia and Africa (Archer 1994), surprisingly little is known of the rates, processes or mechanisms driving this vegetation change.
Studies of plant-plant interactions in savannas have emphasized effects of individual trees on grasses, soils and microclimate (Belsky & Canham 1994, Scholes & Archer1997).  Although woody plant aggregation is common in drylands (Table 1) there is little known of the interactions between woody species.  Tree islands or clumps often develop when a pioneering woody plant serves as “nurse plant” and“nucleation” site, facilitating the dispersal or establishment of others (Yarranton & Morrison 1974).  These clusters of woody plants may eventually expand to form closed-canopy woodlands (Fig. 2 insert), the rate and extent varying with topography and soils (Fig. 3). The processes influencing the development of such patches have seldom been quantified (Table 1).  

TABLE 2.OVERVIEW OF QUESTIONS AND HYPOTHESES
FACILITATION:  UNDERSTORY ESTABLISHMENT PHASE

H1-null: Germination and establishment (G&E) of understory shrubs is comparable under and away from
Prosopis-influenced patches.  Implications: Prosopis facilitation is passive; understory shrubs establish in proportion to their seed rain.

H1: Prosopis facilitation is active, but the mechanism varies with species and time.  G&E of some species are enhanced by Prosopis amelioration of radiant energy; that of others requires enrichment of soil nutrients (2°).  Or, nutrient enrichment may be beneficial only under shade conditions.  

ISFACILITATION  IMPORTANT TO ESTABLISHED UNDERSTORY SHRUBS?

H2-null:  Prosopis facilitation of mature understory shrubs does not occur.  Implication:  the eventual loss of 
Prosopis will not initiate a downgrade phase in cyclic succession (Fig2).

H2:  Prosopis facilitates understory shrubs via hydraulic lift; however, the importance of this effect varies with edaphic conditions (patch types).

H2a: Removal  of Prosopis will dampen diel fluctuations in surface soil water potential and cause d2H  and  d18O in shrub xylem water to converge with that of surface soil moisture.  



H2b: Edaphic characteristics (Fig. 3), influence Prosopis access to deep water such that the rank order of the patch importance of hydraulic lift will be: groves (deep, coarse-textured soil) > clay loam drainage woodlands (runon sites) > discrete clusters (shallow,fine-textured soil). 

H2c:  Removal of Prosopis (and hence cessation of hydraulic lift) will adversely affect growthand physiological performance of understory shrubs, even if a Prosopis-mimic (shade structure) is in place to ameliorate radiant energy regimes.  Conversely,


H2d:   Deep irrigation will directly benefit Prosopis and will enhance growth of shallow-rooted understory 

shrubs indirectly by increasing the magnitude of hydraulic lifting and/or microclimate amelioration (H3). 


H3: Hydraulic lift is not important, but microclimate is.  Understory shrub growth and performance will be maintained following Prosopis removal if a Prosopis mimic is in place to ameliorate microclimate. 

ISOVERSTORY- UNDERSTORY COMPETITION IMPORTANT?

H4 - null: Spatial partitioning of soil resources and temporal displacement of physiological activity enables Prosopis to co-exist with understory shrubs. Implications:  Mature tree-shrub patches are in dynamic equilibrium.

H4a:  Prosopis suppresses growth of established understory shrubs.  This suppression is maximized in grove and woodland patches where LAI and light attenuation are highest (Fig. 6).

H4b:  Deep irrigation will increase Prosopis growth, which, in turn, will suppress growth of shallow-rooted understory shrubs.

H4c:  Shallow-rooted understory shrubs adversely affect Prosopis performance on shallowsites (Figs.3, 4), but will have no effect on Prosopis in grove (deep soil) or woodland (= runon) patches. 

Facilitation has long been viewed as an important process in succession (Clements 1916; Connell & Slatyer 1977).  However, there is a growing recognition that beneficial interactions between plants are more widespread and important than previously thought (Hunter &Aarssen 1988; Wilson & Agnew 1992; Bertness & Callaway 1994; Callaway 1995) and that facilitation may be a fundamental process influencing plant community organization (Callaway & Walker 1997; Holmgren et al. 1997). Numerous examples exist of the nurse plant aspect of facilitation in arid and semiarid ecosystems (Table 1, Turner et al. 1966;Steenbergh & Lowe 1969; Yavitt & Smith 1983; Franco & Nobel 1988). However, the mechanisms enabling this facilitation, the circumstances under which it occurs, and the extent to which facilitation persists beyond the seedling establishment phase remain poorly documented.  In the classical Clementsian view (i.e., the facilitation model of Connell &Slatyer 1977), facilitation is thought to operate for a relatively short time and to be of greatest importance early in succession.  For many nurse plant associations, facilitation appears to be critical for successful seedling establishment, but then competitive effects assume greater importance as seedlings develop into adults and resource limitations increase (Franco & Nobel 1988; 1990; Aguiar et al.1992).  In some cases, the original nurse plant may be competitively excluded by the plants it initially facilitated (Vandermeer 1980; McAuliffe1984b; Valiente-Banuet et al. 1991a).  In this scenario, one might expect the remaining plants to maintain or increase growth following loss of the nurse and that patches would be relatively stable and persistent components of the landscape.  If, however, facilitation continues to operate throughout patch development one would expect loss of the nurse to result in reduced growth of the remaining plants.  This response would be indicative of the first stages in the downward phase in a cyclic pattern of patch initiation, growth and death (Watt 1947; Yeaton 1978; Soriano et al. 1994) and would precede shifts in species composition.  It is also conceivable the nurse will not be lost during woody patch development and that the nurse and beneficiaries will coexist indefinitely. Coexistence could be achieved if mutualistic relationships develop (e.g., Pugnairie et al.1996).  Perhaps a more common mechanism, however, would involve spatial and/or temporal resource partitioning (Haase et al. 1996). 
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Woody Patch Dynamics in a Subtropical Savanna.   

In an ongoing ecosystem study in southern Texas, succession from grassland to thorn woodland begins when P.glandulosa establishes in grassland sites, and then, apparently, facilitates the establishment of numerous (up to 15) subordinate shrub species in its understory (Archer et al. 1988). Overtime, distinct shrub cluster patches thereby develop within a matrix of herbaceous grassland vegetation (Figs. 1, 2).  


The precise nature and duration of the Prosopis-mediated facilitation of understory shrubs is not well understood and the factors contributing to the different paths of cluster development hypothesized in Figure 4 remain unclear.   Facilitative effects of nurse plants can be direct and indirect (Goldberg 1990; Callaway 1995), including microclimate amelioration (Nobel 1980; Franco & Nobel 1989; Fulbright etal. 1995, 1997), soil modification (Virginia & Jarrell 1983; Bush & VanAuken 1986), herbivore protection (McAuliffe 1984a) and dispersal enhancement (Cody 1993; Aguiar & Sala 1994).  Prosopis plants may passively facilitate the establishment of understory shrubs simply by providing perching sites for birds which serve as the primary dispersal agents of understory woody species (Huebotter 1991).  However, Prosopisalso alters temperature, light and soil moisture conditions beneath its canopy (Archer 1995a; Fulbright et al. 1995) to potentially enhance germination and seedling establishment of understory shrubs (Franco-Pizanaet al. 1996).  Prosopis also enhances soil fertility on this site (Archer 1995a; Barnes & Archer 1996).  However, these changes are not evident until 20-30 y after Prosopis establishment (Hibbard 1995; Boutton et al. 1996). Thus, while soil fertility may influence species interactions at later stages of patch development, it may not be critical at early stages. 
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Prosopis glandulosa is known as a facultative phreatophyte (Mooney et al. 1977; Nilsen et al.1981; Heitschmidt et al. 1988, Ansley et al 1990) and plants at our study site possess deep and extensive shallow roots (Midwood et al. 1993; Watts1993; Fig. 5).  The potential therefore exists for Prosopis to conduct ‘hydraulic lift’ which might then benefit seedlings and established, shallow-rooted understory shrubs, such as Zanthoxylum fagara [83-89% of root biomass in upper 40 cm (Watts 1993)(Fig. 5).  Evidence for the existence of hydraulic lift under field conditions has come from soil water potential measurements (Richards &Caldwell 1987; Caldwell1990), deuterium (2H) labeling (Caldwell &Richards 1989), the natural abundance of deuterium (Dawson 1993) and transpiration manipulation experiments (Caldwell & Richards 1989). Hydraulic lift is thought to benefit the “lifting” plant by increasing total soil moisture available for transpiration and gas exchange (Caldwell & Richards 1989; Dawson 1996) and enhancing nutrient acquisition in surface soil layers (Richards & Caldwell 1987; Matzner &Richards 1996).  Another potentially important consequence of hydraulic lift is the utilization of this redistributed water by neighboring plants (i.e., water parasitism; Caldwell 1990).  Dawson (1993) used measurements of the natural abundance of deuterium in soil and plant water, together with a simple, linear mixing model to estimate that neighboring, understory plants derived 3-60% of their water from hydraulically-lifted water of the deep-rooted Acersaccharum.  Hydraulic lift has now been shown to occur in more than 20 species of herbs, grasses, shrubs and trees (Caldwell et al. 1998). The fact that pre dawn water potentials of two understory shrub species, Z. fagara and Berberis  trifoliolata, were significantly higher in clusters with Prosopis than inclusters without Prosopis (Barnes & Archer1998) suggests hydraulic lift may benefit understory shrubs.  However, as the density and biomass of shallow-rooted understory shrubs increases, they may sequester resources that would normally percolate to deeper depths and, in so doing, adversely affect Prosopis growth.  At this point, cluster dynamics may then shift from facilitation-driven and Prosopis dominated, to competition-driven, understory dominated processes that accelerate Prosopis mortality (Figs. 2, 4).  Alternatively, a negative feedback may develop, whereby clusters become dynamically stable.


Results from our previous studies of shrubs in cluster patches with and without Prosopis indicatedthe Prosopis canopy has no overriding positive or negative net effect on associated shrubs in established upland clusters (argillic present) (Barnes & Archer 1996). Accordingly, we saw no differences in leaf [N] or photosynthesis in shrubs growing in clusters where Prosopis has died or in clusters where Prosopis has been selectively removed (Barnes & Archer 1996, 1998).   Apparently, the nitrogen legacy of Prosopis can persist and may still benefit the remaining vegetation for some time after its disappearance.  Prosopis removal experiments in Arizona indicate these residual soil effects may last decades (Klemmedson & Tiedemann 1986; Tiedemann & Klemmedson 1986).  We will therefore focus on water and microclimate in the proposed experiments designed to compare overstory-understory interactions in discrete cluster, grove and woodland patches.


Soil texture (Knoop & Walker 1985) and the depth to restrictive soil horizons is of fundamental importance to growth form distributions in savannas (Johnson & Tothill 1985; San José &Montes 1991) and desert shrublands (McAuliffe 1994).  Even so, the explicit role of soils and their influence on species interactions is typically inferred from species composition and patterns of distribution.  We propose that edaphic features (Fig. 3) will dictate the symmetry of overstory-understory interactions by influencing the intensity and duration of both facilitation and competition (Fig. 4). We know that woody cluster development varies across the landscape (Fig.3), even though Prosopis and the dominant understory shrub species are ubiquitously distributed.  In uplands, where the argillic (Bt) horizon (zone of clay accumulation starting at 40 cm; extending to 100 cm depth) is laterally extensive, the Prosopis-mixed shrub clusters are small, discrete entities. This argillic horizon constrains the development of deep root systems in both Prosopis and the understory shrubs (Watts 1993) and thus acts to create a relatively shallow, droughty soil (e.g., McAuliffe1994).  However, where discontinuities in the argillic layer occur in uplands, Prosopis aggregate to form extensive groves (Figs. 1, 3).  Prosopis plants in these upland groves are larger, grow faster, produce more seed, have greater root/shoot ratios and exhibit higher photosynthetic rates than those in nearby discrete clusters (Archer 1995a; Fig. 6).  Lowland, run-on sites support closed-canopy woodlands with a Prosopis overstory and mixed-species woody understory that appears to be intermediate between clusters and groves in terms of Prosopis stature and performance.  Prosopis plants in upland discrete clusters are typically stunted, moribund and have died in ca. 25% of them.  Prosopis mortality in groves and woodlands appears minimal.
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These observations lead us to hypothesize that the shallow-rooted understory shrubs, which have a pronounced negative effect on Prosopis plants in discrete clusters where the restrictive argillic horizon is present (Fig. 3), will have no affect on Prosopis plants in groves or in woodlands.  Conversely, observations that photosynthesis and leaf water potentials are lower in shrubs growing in the groves than in the discrete clusters (Fig. 6) suggest enhanced growth and shading associated with the greater leaf area of Prosopis in groves and woodlands may have a net negative effect on subcanopy shrubs.  On the other hand, hydraulic lift, may be more efficacious and thus, more quantitatively important on non-argillic soils or on run-on sites where Prosopis would have greater access to deeply stored soil moisture.  If this is the case, the Prosopis-mediated facilitation of understory species may operate for a longer period in grove and woodland patches than in discrete cluster patches.  This beneficial effects could minimize the competitive effects of the Prosopis overstory,and thus reduce the potential for competitive exclusion of understory shrubs by Prosopis.

Measurements of d2H-d18O in soil and plant xylem water also indicate convergence in isotopic signatures between Prosopis, Zanthoxylum and deep soil water on non-argillic, grove sites, but not on argillic, discrete cluster sites (Fig. 5).  These findings suggest shallow-rooted shrubs are either accessing water from deeper soil layers in grove patches than in cluster patches, or that there is significant water being acquired via hydraulic lift by Prosopis.Determination of the isotopic composition of plant/soil water in the proposed reciprocal removal experiments should yield functional insights into vertical stratification of soil water use by co-occurring plants.  For example, if Prosopis competes with understory species for soil shallow water on a given patch type, then understory removal should render near-surface soil water more available to Prosopis.  Consequently, d2H and d18O values of Prosopis stem water should increase in response to relatively greater use of the 2H- and 18O-enriched water higher in the profile.  If Prosopis facilitates water acquisition by understory shrubs on some patch types by hydraulic lift of deep soil water with low d2H-d18O into the upper profile, then removal of Prosopis should cause an increase in the d2H-d18O values of stem water in understory species relative to those in control treatments. The occurrence of plants with contrasting rooting patterns and the presence of markedly contrasting soil types in close proximity  provides an excellent opportunity to investigate the potential intricacies and nuances of facilitation and competition in a broad successional context.

Experimental Approach

Study Site.  Research will be conducted at the Texas Agricultural Experiment Station La Copita Research Area (Jim Wells county) in the eastern RioGrande Plains of southern Texas (27° 40´ N; 98°12´ W; elevation= 75-90 m ASL).  The potential natural vegetation of this region is Prosopis-Acacia-Andropogon-Setaria savanna (Küchler 1964), however the contemporary vegetation is subtropical thorn woodland (McLendon 1991).  Vegetation at the study site, which has been grazed by domestic livestock since the late1800s, consists of savanna parklands in the sandy loam uplands and closed-canopy woodlands in clay loam lowland drainages (Fig. 1). All wooded landscape elements are dominated by a P.glandulosa overstory; notable exceptions are numerous discrete clusters, where Prosopis has died (Archer etal. 1988).  Understory shrubs in discrete clusters, groves and woodlands is similar in terms of composition, consisting of a diverse mixture of evergreen (e.g., Zanthoxylum fagara, Berberis trifoliolata, Condalia hookeri), winter-deciduous (e.g., Diospyros texana, Celtis pallida), and summer-deciduous (e.g., Ziziphus obtusifolia) species (Archer et al. 1988, Nelson 1997). Climate of the region is subtropical with warm winters, hot summers (mean annual temp = 22.4 °C) and bimodally distributed rainfall (mean annualprecip = 720 mm; maxima in May/June and September)(Scifres & Koerth 1987).


Seedling Germination and Establishment Studies. We will experimentally test the independent and interactive effects of Prosopis modification of microclimate and  soil N during the critical seedling establishment phase of the life cycle of understory shrubs of contrasting growth forms (H1).  If facilitation is entirely passive, we expect that shading and fertilization treatments will not influence shrub germination and establishment (G&E) relative to controls (unshaded, unfertilized soils), and that establishment will be solely a function of seed rain density.  If facilitation is active, and microclimate amelioration is of greater importance than soil fertility, then G&E should increase with shade but be unaffected by N amendment.  A positive shade ( fertilization interaction would indicate that nutrient enrichment is beneficial only under shade conditions.  A significant species x treatment interaction would indicate that shrub species vary in their responses to Prosopis facilitation, perhaps in relation to their relative times of arrival during woody patch succession. 


Experiments will be conducted in herbaceous clearings on spatially distinct, replicated (n=3) upland landscapes (argillic horizon present) exposed to long-term grazing by cattle.  Cattle will be excluded from the clearings during the experimental period, but we will clip herbaceous vegetation monthly to mimic levels of utilization in surrounding areas. Such landscapes are characterized by herbaceous vegetation which has been susceptible to invasion by woody plants and are typical of the region and of savannas worldwide.    A total of 160-1m ( 1m plots will be established in each replicated landscape (480 plots for total experiment).  Treatments will be randomly assigned so as to examine the effects of radiant energy (control vs. attenuated),  soil N (control vs. enhanced) and their interaction on seedling emergence, survival and growth.  Radiant energy will be attenuated by covering a 1.5-m tall metal frame with a neutral density cloth and blue acetate film (Roscolux 66 "cool blue" from  Stagelight Inc.).  This will reduce photon flux density (PFD,400-700 nm) at ground level by 25% and produce a R:FR (660:730 nm) ratio of 0.8-0.9.  These reductions correspond to values measured beneath Prosopis at upland sites (unpublished data) and will thereby simulate the effects of a Prosopiscanopy on light quantity and quality.  Holes will be punched in the shade cloth-acetate cover to simulate sunflecks and to allow precipitation throughfall. PFD and R:FR will be quantified with point and line quantum sensors (Li-Cor LI-190SA and LI-191SA) and a spectroradiometer(Optronics 752), respectively.  Surface soil and air temperatures will be monitored with thermocouples and dataloggers. Covered and open plots will subsequently be randomly assigned to nitrogen amendment treatments.  Commercially-available, granular N fertilizer will be surface applied at a rate to simulate levels of soil N associated with mature Prosopis plants in these habitats (Archer 1995a; Hibbard 1995).  Control plots will not receive supplemental fertilizer. To verify that fertilizer application increases nutrient concentrations, surface soils (0-10 cm) of nearby fertilized and unfertilized plots will be collected prior to, and following treatment, and analyzed for organic C and N as described below.  Plots assigned a given shading-fertilizer treatment combination will then receive one of four target shrub species: Diospyros, Condalia, Celtis or Berberis  (n=10plots per treatment x 4 treatments x 3 landscapes = 120 plots per species). Seeds of target shrub species will be collected during the 1999 growing season and stored in the laboratory.  Seeds will be sown (1 cm depth; 20 cmspacing) in the spring of 2000 (when surface soil moisture is high), and hand watered immediately following placement to minimize planting shock.  Thereafter, plots will receive only natural precipitation. Seeding rates, based on preliminary laboratory germination trials, will be used to produce 20 seedlings per plot.  T. Fulbright [TexasA&M Univ.-Kingsville], J. Flores & E. Jurado [Univ. Nuevo Leon-Linares, Mexico], Barnes,  Archer and their students have previously conducted autecological studies on the target species and are familiar with germination requirements (e.g. Fulbright et al. 1986, 1992). Emergence of sown seed will be quantified, and plants then thinned to 10 per plot after 2 or 3 months (to minimize confounding effects of varying degrees of intraspecific competition as seedlings grow).  The experiment will be replicated in time during the 2001 growing season. 


In addition to sowing seeds of target species into the experimentally manipulated plots, we will also monitor seed rain and seedling establishment associated with artificial perching structures. These will serve as an alternative ‘control’ (=no manipulation of light or soils) that takes into account the possibility that (a) bird-dispersed seeds may be more likely to germinate and establish than those we harvest at random; and (b) recruitment is a function of the greater numbers of seeds being dispersed to a site.  A previous study at the La Copita has documented woody plant seed dispersalby birds did not vary as a function of distance from existing woody vegetation (at distances up to 200 m) (Huebotter 1991); however, that study did not look at establishment of seeds dispersed to artificial perching structures.  Here, we will construct 100 artificial perching structures using the Huebotter (1991) design.  Fifty pairs of these will be randomly distributed in herbaceous clearings throughout the study area.  One of each pair will be fitted with a seed trap to quantify seed rain beneath the structure; seeds dispersed by birds to the other structure will be allowed to fall to the ground.  Structures will be checked monthly.  Seeds collected from traps will be counted and identified to species (we have a complete reference collectionon-site).  Seedlings emerging within a 2-m radius of the other perching structure will be marked with colored wire and followed for survival. Growth of a subset of the marked seedlings (n=30) will be quantified as described below.  As a check, we will also monitor woody plant seedling establishment in randomly selected plots (2 m radius) in herbaceous clearings not associated with perching structures.


Seedling survival will be monitored at monthly intervals.  For each species, plant growth (leaf number, shoot height, stem diameter) will be measured quarterly in 6 randomly-selected plots/treatment.  At the end of the study, surviving seedlings will be harvested and aboveground biomass determined.  Seedling growth variables will be analyzed by repeated measures (Lindsey 1993) in a factorial ANOVA model (Cochran & Cox 1957). Survival and G&E percentages will be arcsine transformed prior to analysis.


Selective Removal/Substitution Studies. These studies will test for the occurrence of facilitation or competition between established overstory and understory woody components (H2, H3, H4), the relative importance of aboveground (light and microclimate) vs. belowground (soil moisture and nutrients) habitat alterations by Prosopis  on understoryshrubs (H2, H3), and the occurrence and significance of hydraulic lift (H2).  In each case, the edaphic influence on facilitative/competitive interactions between overstory and understory will be tested on sandy loam uplands withand without an argillic horizon (clusters and groves) and clay loam lowland soils (woodlands)(Fig. 3). 


Four treatments will be implemented: (1) control = no vegetation removed; (2) Prosopis removed and understory left intact; (3) removal of understory shrubs with Prosopis  left intact; and (4) a Prosopis substitution treatment (Prosopis  is removed and a structure that mimics its canopy effects is erected).  For removal treatments, all aboveground parts of either the Prosopis overstory or the woody understory will be removed using a chain saw and pruning shears.  Stumps will be painted with diesel fuel to minimize re-sprouting and re-cut as necessary.  The Prosopis-”mimic” will be constructed of wood and neutral-density shade cloth+acetate film (asdescribed in the preceding section) to simulate the shading, light quality and microclimate effects of Prosopis.  The shade cloth will be removed from the structures during winter months when the winter-deciduous Prosopis is naturally leafless. 


A negative plant response to neighbor removal would indicate that facilitation is operational (in terms of net effect) at advanced stages of woody patch development (H2-null), whereas a positive plant response to neighbor removal will indicate that competition is the overriding interaction(H4a; Aarssen & Epp 1990; Goldberg & Barton1992).  A lack of postive or negative response to neighbor removal would indicate stable coexistence between tree-shrub components (H4-null).  If hydraulic lift by Prosopis is occurring, and of importance to understory shrubs, diel fluctuations in surface soil water potential ((s) will be eliminated or dampened, and d2H and  d18O in shrub xylem water will converge with isotopic signatures of surface soil moisture in overstory removal and Prosopis-mimic treatments (H2a).  In this case, Prosopis removal should result in decreases in shrub water potentials and overall performance (H2c). Similarly, if hydraulic lift varies with habitat (groves > woodlands >clusters), (s fluctuations will decrease from groves > woodlands > clusters, and d2H and d18O of xylem water in Prosopis will reflect the habitat differences in rooting depth (H2b).  If hydraulic lift is not an important mechanism of facilitation, but microclimate modification is, understory shrub growth and performance will be maintained following Prosopis removal, if a  Prosopis mimic is in place to provide shade and ameliorate microclimate (H3).  If competitive effects of Prosopis increase from cluster-> woodland->grove habitats, positive responses of shrubs to Prosopis removal will increase along this gradient (H4a).  The opposite pattern would be expected if understory competition decreases along this gradient (H4c).  An increase in importance of competition for light along this habitat gradient will result in progressively greater negative effects of the Prosopis-mimic on shrubs from clusters to groves. 


Representatives of each woody patch type will be selected on each of two distinct, spatially separated landscapes at La Copita and randomly assigned one of the four treatments (3 patch types ( 2 landscapes ( 2 patches/landscape/patch type ( 4 treatments = 48 total patches). Replicate (n=4) patches will be selected based on similarities in species composition, size and structure.  Prior to treatment initiation, each patch will be characterized (canopy diameter and height of Prosopis and understory shrubs, number of shrubs by species, LAI (plant canopy analyzer; Li-Cor LAI-2000).  Soil texture, pH and depth to the argillic horizon will also be quantified, along with soil C and Total N (0-10; 10-20 cm)(Carlo Erba NA-1500 elemental analyzer, Fisons Instruments, Saddle Brook, N.J; Dumas combustion procedure[Pella & Colombo 1973]) at the beginning and end of the experiment. The light environment (PFD and R:FR) beneath and above the shrub canopy will be characterized as described in the preceding section.  In addition we will monitor gas exchange, water relations and growth of target species 4-6 months prior to treatment initiation (techniques described later).


Patch-level responses to treatments will be quantified by canopy analyzer measurements of LAI and line quantum sensor readings along vertical transects.  Foliar litter fall biomass will be collected monthly from plastic trays (30 ( 50 (10 cm) with perforated bottoms (n= 3-5 trays per experimental patch). Individual plant response will be assessed using a combination of physiological and growth measurements.  Data collection will begin immediately after removals (3-7days) and will be repeated at 1-2 month intervals over 2 years.  This sampling protocol will allow us to assess the short- and the long-term responses to removal and enable us to distinguish immediate competitive/facilitative effects from longer-term growth and physiological adjustments to neighbor loss. We will monitor Prosopis and two common understory shrub species (Z. fagara  [shallow-rooted, rain-sensitive evergreen with heigh leaf turnover] and B. trifoliolata [deeply rooted, evergreen  sclerophyll with slow leaf turnover]).  Annual leaf and stem production will be assessed by measuring and harvesting 8 terminal shoots (2 from each of the four cardinal directions on the canopy) from two plants per species and replicate.  All tissue will oven dried (60 °C), weighed and analyzed for total N.Individual Prosopis plants in control and understory removal treatments will be instrumented with dendrometer bands (Palmer & Ogden 1983) to monitor trunk growth.  Once a year, pod production in Prosopis plants will be determined by a visual rating method (Barnes & Archer 1998).  A subsample of pods from producing trees will be collected, their mass and length determined, and the number seeds counted. Seed viability will be determined by scarifying and incubating on moist blotter paper for one week at 25 °C. 


For logistical reasons,  the intensive measurements of plant physiological responses (i.e., gas exchange and water relations) will be restricted to plants in two patch types.  We feel that discrete cluster (argillic horizon present) and grove (argillic absent) patches in upland habitats will give us the greatest contrasts, so we will focus most of our efforts on these.  Measurements in woodlands will be made if time and conditions allow.  Photosynthesis and transpiration on outer-canopy, sunlit leaves will be measured on replicated (n=4) grove and cluster patches using open-path, portable photosynthesis systems (PP Systems CIRAS-1and LiCor LI-6400) under clear skies and ambient CO2, temperature and humidity conditions during morning(0800-1000 h local time) and afternoon (1300-1500 h) periods, as described previously (Barnes & Archer 1996; 1998).  Individual leaves will be collected for determinations of total [N] periodically over the course of the study (see above). Predawn, morning and midday shoot/leafwater potentials will be measured using a pressure chamber on 3 shoots/leaves per species and replicate, with samples kept in a humid plastic bag prior to, and during, measurement. 


To test for the occurrence of hydraulic lift in Prosopis and/or associated shrubs, diel measurementsof soil water potential ((s) will be made prior to, and following the imposition of the removal treatments using screen-cage soil psychrometers (Wescor PST-55; Briscoe 1984),  calibrated using standard salt solutions (Brown & Bartos 1982).  Duplicate psychrometers will be installed at 3 depths (35, 50 and 80 cm) and will be read using a nano-volt sensitive, microprocessor-controlled data logger (Campbell Scientific CR-7; Richards & Caldwell 1987).   For reasons of logistics and expense, “intensive” measurements will be made only in one replicate (i.e., control, Prosopis-mimic, and both removal treatments in cluster, grove and woodland habitats) using a full complement (all depths) of psychrometers.  Extensive measurements of (s  will be made in the other replicates at only the near-surface (35 cm) depth. In addition to these (s asurements, we will measure volumetric soil moisture content using a neutron probe to a depth of 1.5 m.  The neutron probe will be calibrated for the soils at our site against gravimetric samples collected during installation of the access tubes.  Periodic surface soil moisture measurements will also be made using time domain reflectometry(TDR).


Variation in the natural abundances of stable isotopes (2Hand 18O) in soil and plant xylem water will be quantified to evaluate vertical stratification of soil water used by woody plants, and to evaluate whether shrubs are utilizing water hydraulically-lifted by Prosopis.  Our previous work (Fig. 5) (Midwood et al. 1993) showed that d2H and d18O values of soil water decreased exponentially with depth in the soil profile, so that deeper soil water (d2H = -30‰ ; d18O = -6‰) was isotopically distinct from water nearer the soil surface (d2H =-5‰ ; d18O = +6‰).  Because thed2H and d18O of soil water decrease with depth, and because plants do not alterthe isotopic composition of soil water during root uptake, the isotopic composition of plant xylem H2O can indicate the depth from which plants acquire soil water (Walker & Richardson 1991;Ehleringer & Dawson 1992; Brunel et al. 1995).  Our previous studies of root distribution patterns and the isotopic composition of plant and soil water in this system indicated that Prosopis was more deeply rooted (Watts 1993; Midwood et al.1993) and acquired soil water from deeper in the profile than associated understory species (Boutton & Archer, unpublished).  Furthermore, understory species were able to acquire soil water derived from relatively small (2.5 cm) rainfall events, while Prosopis was unable to utilize that resource (Midwood,Boutton, Archer, unpubl.).  


Treatment effects on plant water acquisition and hydraulic lift will be quantified on one soil core (6 x 150 cm) from each treatment quarterly over two years.  Core  increments (10 cm) and stem samples (ca. 2 cm diam.) from 6 woody species (Prosopis, Zanthoxylum, Berberis, Condalia, Diospyros, and Celtis) will be sealed in bottles containing dry toluene. Water will be extracted from samples by a zeotropic distillation in dry toluene (Revesz & Woods 1990; Midwood et al. 1993).  d2H of plant and soil water will be determined by reducing water samples to H2 gas by the zinc reduction method (Coleman et al. 1982), and then analyzing the H2 on an isotope ratio mass spectrometer.  d18O will be determined by equilibrating water samples with CO2 of known isotopic composition in Vacutainers (Midwood et al. 1992), and the isotopic composition of the CO2 determined by mass spectrometry. d2H and d18O values will be expressed relative to V- SMOW, and normalized relative to the V-SMOW/SLAP scale (Gonfiantini 1981).  The relative proportions of plant water acquired from different depths in the soil profile will be estimated using a mass balance approach similar to that described by Brunel et al. (1995).


The selective removal and Prosopis-mimic addition treatments will be analyzed statistically using 3 ( 4 split-plot ANOVA to reflect that the four treatments (control, overstory removal, understory removal and Prosopis-mimic)  will be assigned randomly within the three patch types (cluster, grove and woodland).  Because sampling will be conducted on the same individuals over time, data will be analyzed using a repeated measures model (Lindsey 1993).  In statistical models used to analyze growth and physiological responses, pre-treatment structural and physiological data will be used as covariates in each ANOVA to adjust for any pre-treatment differences that might exist between treatment and controls.  The assumption of homogeneity of slopes will be tested by examining treatment ( covariate interactions (SYSTAT 1992). Pre-planned comparisons between treatment and control means will be made using Fisher’s protected least significant difference (LSD) test and differences will be considered statistically significant at P<0.05.   


Deep Irrigation Studies.  To further probe for the occurrence and significance of hydraulic lift (H2d), and to evaluate the degree of belowground resource partitioning between Prosopis and understory shrubs (H4), we will augment soil moisture below the maximum rooting depth of understory species, but within the rooting depth of Prosopis (ca. 2 m, based on Watts 1993), and monitor the response of the woody plants and surface soil water potential.  This experiment will compliment a recently completed experiment where overstory/understory response to surficial irrigation was quantified (McMurtry 1997; Nelson 1997). In that experiment, understory shrubs responded in a marked, positive manner, whereas Prosopis response was neutral to negative. If significant vertical stratification in rooting depths exist between Prosopis (deep rooted) and understory shrubs (shallow rooted), we expect that augmentation of moisture deep in the soil profile will benefit Prosopis more than the shrubs (H4-null).  If deep irrigation results in reduced performance of understory shrubs, this would support the hypothesis that Prosopis competes with shrubs (H4b) and these effects may then vary with habitat (H4a).  However, if shrubs respond positively to deep irrigation, this could be due to direct utilization of deep soil moisture and/or indirect access to this moisture via increased hydraulic lifting of Prosopis (H2d). Measurements of the magnitude of diel changes in ( s and d2H  and  d18O in shrub xylem water will provide insight into the importance of these two mechanisms, though we will not be able to entirely separate these effects with this experiment.


These studies will be conducted in discrete cluster, grove and woodland patches with our intensive physiological measurements again concentrated on the upland habitats (clusters and groves).  This experiment will involve installing PVC pipe (5-cm diameter; 1.5 m depth) at each of the four cardinal directions around the Prosopis canopy.  A layer of marbles will be added to minimize soil sealing from water additions and facilitate diffusion of the water out of the tube and into the surrounding soil.  To control for the possibility that the presence of the PVC pipe might allow roots to penetrate to deeper depths than they might be normally be able to (especially in the shallow argillic soils), we will install similar pipes in non-irrigated controls.  Water will be added in the irrigation treatment at 2-week intervals so as to locally saturate the deeper soil profile. Volumetric soil moisture will be monitored with a neutron probe.  Hydraulic lift will be examined by monitoring (s andd2H/ d18O of plants and soil as described earlier.  Leaf gas exchange, water relations, and shoot growth, LAI and production data will be collected on the target species (Prosopis, Zanthoxylum and Berberis) in control (non-irrigated) and sub-irrigated treatments as described in the preceding section.  Pre-treatment data will be obtained in year 2 and treatment effects quantified in years 3.  For this experiment, three replicates will be established for each of the three patch types (cluster, grove, drainage).  Data will be analyzed as a split-plot design with treatments assigned to sites split by patch type. Each replicate will consist of irrigated and non-irrigated patches, both of which will contain overstory and understory components.


Steep temperature gradients limit psychrometer reliability in upper soils (0-30 cm), so we will complement psychrometry-based assessments of hydraulic lift by giving sub-irrigated patches 2H-labeled water at two points during the year (once during a wet season [May/June]; once during a dry season [August/Sep]). Plant and soil water will be sampled immediately before the tracer is injected to characterize the natural 2H background, and then 3 days after injection to characterize the redistribution (or lack thereof) of tracer by hydraulic lift and/or uptakeby roots. Plant and soil samples will be collected, preserved and processed for d2H/ d18O determination as described in the preceeding section.

Time-table and Responsibilities.  This project is a collaborative effort between S. Archer, T. Boutton and P.Barnes who have extensive experience in savanna ecology, ecosystem dynamics, ecophysiology, plant/soil relationships and stable isotope analyses.  We have collaborated extensively over the past 10-15 y on various projects at the La Copita site. Our research to-date has poised us to elucidate changes in ecosystem processes and species interactions which occur when woody plants increase in grasslands and savannas.  The primary responsibilities of each individual is given below, along with the general time-table for important research tasks and activities.  Vertical dashed lines depict the start and end of thefunding period.
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FACILITIES AND EQUIPMENT

NOTE:  This is acollaborative submission with Dr. Paul Barnes at Southwest Texas StateUniversity.  Dr. Barnes’ proposal summarizes additional equipmentavailable for use on this project.

The Texas Agricultural ExperimentStation La Copita Research Area near Alice, TX is an 1100 ha rangelandresearch site with a resident manager, a well-equipped field laboratorywith wet/dry lab benches, fume hoods, drying ovens, freezers and desktopcomputers, and dormitory to house research personnel for nocharge.  Dr. Archer has conducted ecological research at this site for 14years,  Dr. Boutton for 10 y, and Dr. Barnes for 8 y.


The Department ofRangeland Ecology and Management (RLEM) is well-equipped for studies of theplant-soil system.  Seed germination incubators and growth chambers areavailable to provide plant materials for reciprocal transplant experiments.We have a portable, mechanized coring device for soil samplingto a depth of 1.5 m. These will be used to install tubes for the deepirrigation experiment with minimal disturbance.  Grinding plant tissues(Wiley and Udy mills) and pulverizing  of soils (Angstrom centrifugal mill) for C and N analysis will be accomplished using existingmills.  Concentrations of C and N  in plants tissues and soils will bedetermined by automated combustion/gas chromatography using a Carlo-ErbaNA-1500 (Fisons, Inc., Danvers, MA) elemental analyzermaintained in RLEM.


The Stable Isotope Laboratory in the Department ofRangeland Ecology and Management at Texas A&M University is directed by theCo-PI, Tom Boutton, who has been continuously involved in the direction ofstable isotope laboratories since 1980.  This laboratory willbe available to support all sample preparation, elemental analyses, andisotopic analyses of water, plants, and soils.  This is a state-of-the-artfacility consisting of three gas-source isotope ratio mass spectrometers:(1) a Finnigan Delta Plus interfaced with a Carlo Erba EA-1108elemental analyzer;  (2) a VG-903 interfaced with a Carlo Erba NA-1500elemental analyzer and a 20-port sample manifold; and  (3) a CJS SciencesSigma 6 interfaced to a 16-port sample manifold.  The natural abundancesof the stable isotopes of H, C, N, O, and S can be measuredwith these mass spectrometers and the ancillary sample preparationequipment in this lab.  The Carlo Erba elemental analyzers can be usedoff-line for elemental analyses only, or in conjunction withthe mass spectrometers to provide both elemental and isotopic analyses.The Stable Isotope Lab has participated extensively in cross-calibrationsand inter-laboratory comparisons with many other stable isotope labsthroughout the world (for example, see Comm.Soil Sci. Plant Anal. 22: 177-190, 1991; and  J. Assoc. Offic. Anal. Chem. 75: 543-548, 1992).


Inaddition to facilities supporting studies of the plant-soil system, RLEMhas field equipment necessary to quantify  ecophysiological and plantcanopy  response variables in the experiments described in this proposal:(1) a portable, open plant gas exchange system (Model LI-6400,Li-Cor, Inc., Lincoln, NE, USA), (2) a pressure chamber to determine xylemwater potential, (3) a 1-m line quantum sensor (Model LI-191SA; Li-Cor,Inc.), (4) individual quantum sensors (Model LI-160SA; Li-Cor, Inc.), (5) adatalogger that can be programmed to automatically collect andstore data (Model Li-1000, Li-Cor, Inc.), and (6) a plant canopy analyzer(Model LAI-2000, Li-Cor, Inc.) to quantify changes in the leaf area indexamong vegetation types, treatments and species through time.


Dr. Archer maintains a computer facility consisting ofup-to-date PC (6) and Power MacIntosh (3) desktop computers, a laptopcomputer, and an HP Apollo workstation.  These are interfaced with varioushardware peripherals (laserjet and deskjet printers, flatbedscanner, slide scanner, slidemaker, Zip and Jazz drives) andsoftwarepackages (word and image processing, graphics, database management,statistics [including S-Plus and SAS} , spreadsheets, and GIS).  Thisfacility  would be available to personnel on this grant.
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*  Outstanding Achievement Award, Society for Range Management(1995)

*  Keynote Paper, 7th Australian Rangelands Conference(1992)

*  Stobbs Memorial Lecture, James Cook University,Townsville, Australia (1993)

*  Plenary paper,17th International Grassland Congress, New Zealand (1993)

RECENT PUBLICATIONS RELATED TO PROPOSED PROJECT(SINCE 1995)

1. Archer, S. 1995.Tree-grass dynamics in a Prosopis -thornscrub savannaparkland: reconstructing 



2. the past and predicting the future.Ecoscience 2: 83-99.

2.Barnes, PW, SR Archer.  1995.  Influence of an overstory tree (Prosopis glandulosz) on associated 

shrubs in a savannaparkland:  implications for patch dynamics.Oecologia105:493-500.

3. Zitzer, SF, S Archer, TW Boutton.  1995.Spatial variability in symbiotic N2-fixation potentialof 



4. woody plants in a subtropical savanna ecosystem.  Journal Applied Ecology 33:1125-1136..

4.Scholes, RJ, S Archer. 1997. Tree-grass interactions in savannas. Annual Review of Ecology 



& Systematics  28:517-544.

5. Boutton, TW, S Archer, AJ Midwood, SF Zitzer, R. Bol.  1998.d13C values of soil organic 



6. carbon and their use in  documenting vegetation change in asubtropical savanna ecosystem.  



7. Geoderma:82:5-41.

OTHER SIGNIFICANTPUBLICATIONS (SINCE 1994)

1.Boutton, TW, SR Archer, LC Nordt.  1994.  Climate, CO2and plant abundance.  Nature 72:625-



626.

2. Archer, S, DS Schimel,  EAHolland. 1995. Mechanisms of shrubland expansion: land use, climate 

or CO2? Climatic Change29:91-99.

3. Li, Bai-Lian, S Archer.  1997. Weightedmean patch size: a robust index for quantifying landscape 

structure. Ecological Modelling 102:353-361.

4. Weltzin, JF, S Archer, RK Heitschmidt.1997.  Small mammal regulation of vegetation structure 



in atemperate savanna.  Ecology 78:751-763.

5. Asner, GP, CA Wessman, S Archer.  1998. Scale dependence of PARabsorption in terrestrial 



ecosystems. EcologicalApplications  (In Press)

PUBLICATIONS  SUMMARY


Published Abstracts:
120


InvitedPapers/Presentations:
71


RefereedPublications:
40


Non–refereed Publications:

44


Book Chapters:
14

SELECTED ROFESSIONAL ACTVITIES

*
Elroy Rice Lecture, University of Oklahoma(1986)

*
Invited participant, IUBS/MAB program on"Responses of Savannas to Stress and Disturbance" (1987–1993)

*
Invited lecturer, Department of Ecological Botany,University of Uppsala, Sweden (1992)

*
Co–organizer,"Rangelands & Global Change" session, 1995 InternationalRangeland Congress

*
Co–organizer,"Global Change Impacts on Pastures and Rangelands(IGBP–GCTE).  July 1994, Canberra

*
Invitedlectures on savanna/grassland ecology at University of Natal  (October,1994)

*
Organizing Committee,International Conference on Rangeland Degredation, Reykjavik, Iceland(1996-1997).

*
Invited Participant,Workshop on the Role of Bush Encroachment in Australia’s Greenhouse GasEmission Budget

*
Invited Participant,SCOPE  Workshop on Tree-Grass Dynamics in Savannas, Paris (November1996)

*
Invited lecturer, UniversidadNacional del Sur, Bahia Blanca Argentina (Oct-Nov. 1997)

*
Co-Organizer "Managing Rangeland Plant Communities"symposium, 1999 International Rangeland Congress

*
Invited symposium presentations: Soc. Range Management (1991,‘92); Ecol. Soc. America (1978, ‘91, ‘94. ‘97)

*
Steering Committee, Univ. Corp. Atmospheric Research workshop, GlobalChange in Arid Lands (1988-1989)  

*
Invitedspeaker, University of Arizona "Global Change Seminar Series" (1992)

*
Invited seminars: Arizona State, ColoradoState, Jones Ecology Center, Kansas State, Univ. Oklahoma, Univ. NewMexico, Univ. Wyoming, NASA/Ames Research Center, EROS Data Center, RiceUniv., Univ. South Dakota, South Dakota State, Southwest Texas State,Trinity Univ., Univ. Texas, Univ. Texas San Antonio

*
National Science Foundation, Ecology Program Panel Member(March 1994; October 1996, October 1997)

*
Lecturer, USDA/NRCS Rangeland Ecology Shortcourse (1989-Present)

*
Invited speaker, BLM Applied BiodiversityConservation Worshops (1995-Present)

*
NationalCenter for Ecological Analysis and Synthesis workshops on Tree- GrassInteractions (1997-1998)

CONFLICT OF INTEREST (* = Collaborators; ** = ThesisAdvisee; *** = post-doctoral  research associates)

	J.P. Angerer, Texas A&M ** 

J. Ansley, Texas A&M*

O. Arnalds** Icelandic Agric. Serv.

A.L. Aradottir, Icelandic Forest Serv**

G. Asner, Univ Colorado* 

P.W. Barnes, SW Texas State*

D.D. Briske, Texas A&M*

A. Bateson, Univ Colorado*

R. Bol, Inst. Grassland/Environ.Res., UK*

T.W. Boutton, TexasA&M*
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E.A. Holland,NCAR-Boulder*
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F. Hughes, Univ Colorado*
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J.C. Menaut, Ecole Normale 
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A. Midwood, Macaulay Land Use

      Research  Institute*

L.C. Nordt, Baylor Univ.*

B.K. Northup, CSIRO-Townsville***

W.R. Ocumpaugh, Texas A&M*

D.S. Ojima,  Colorado State*

M.K. Owens, Texas A&M*

W.J. Parton,  Colorado State*

D.A. Pyke, USGS-BRD/Corvallis*

E.J. Rykiel, PNL/Washington State*


	J.C. Scanlan, Robert Wicks

       Research   Center-Australia**

D.S. Schimel, NCAR-Boulder*

R.J. Scholes, Forestek-S.Africa*

C.J. Scifres, Univ.Arkansas*

F.E. Smeins, TexasA&M*

J.C. Stroh,Morningside Univ.**

J.W.Stuth, Texas A&M*

P.D.Teel, Texas A&M*

R.Teague, Texas A&M*

L.L.Tieszen, EROS Data Center*

V. B.Valentine, Univ Alaska*

D.V. Valentine, Univ. Alaska*

R.B. Wallace, private consulting**

S.E. Watts, Ohio State**

J.F. Weltzin, Notre Dame**

C.A. Wessman, Univ Colorado*

S.F. Zitzer, Univ. Nevada @ Las

       Vegas***


BIOGRAPHICAL SKETCH:   Thomas W. Boutton
Address:

Department ofRangeland Ecology and Management




Texas A&M University

l


CollegeStation, TX  77843-2126




phone (409) 845-8027;    fax  (409)845-6430;    e-mailboutton@acs.tamu.edu

Education:
B.A.
Biology

St. LouisUniversity

June 1973




M.S.
Biology

University of Houston

June 1976




Ph.D.
Botany

BrighamYoung University
December 1979

Professional Experience:

1994-now
Professor, Department of RangelandEcology and Management, Texas A&M University

1987-1994
Associate Professor, Department of Rangeland Ecology andManagement, Texas A&M University

1985-1987
Assistant Professor, Department of Pediatrics, Baylor Collegeof Medicine

1983-1985
Instructor,Departmentof Pediatrics, Baylor College of Medicine

1982-1983
Postdoctoral Fellow, Department of Pediatrics, Baylor Collegeof Medicine

1980-1982
Postdoctoral Fellow,Department of Biology, Augustana College

Five  Most  Relevant  Publications  ( from a total of 86publications ):

Boutton TW, Archer SR, Midwood AJ, Zitzer SF, Bol R.  1998.   13C values of soil organic carbon and their usein documenting vegetation change in a subtropical savanna ecosystem.Geoderma 82: 5-41.

Yoder CK, Boutton TW, Thurow TL,Midwood AJ.  1998.  Differences in soil water use by annual broomweed andgrasses.  Journal of Range Management51: 200-206.

Nordt LC,Kelly EF, Boutton TW, Chadwick OA.  1998.  Biogeochemistry of isotopes insoil environments: Theory and application.  Geoderma 82: 1-3.

Boutton TW.  1996.  Stable carbon isotope ratios of soilorganic matter and their use as indicators of vegetation and climatechange.  IN:  Mass Spectrometry of Soils,TW Boutton and SI Yamasaki, Eds., pp. 47-82.  Marcel Dekker, Inc., NewYork.

Midwood AJ,Boutton TW, Watts SE, Archer SR.  1993.  Natural abundance of 2H and 18Oin rainfall, soil moisture, and plants in a subtropical thorn woodlandecosystem: Implications for plant water use.  IN:  Isotope Techniques in the Study of Past and Current Environmental Changesin the Hydrosphere and Atmosphere, pp. 419-431.International Atomic Energy Agency/UNESCO, Vienna, Austria.

Five  Other  RelevantPublications:

Boutton TW, Nordt LC, Kuehn DD. (In press)  Late Quaternaryvegetation and climate change in the North American Great Plains: Evidencefrom 13C of paleosol organic carbon.IN: Isotope Techniques in the Study of Past and CurrentEnvironmental Changes in the Hydrosphere and the Atmosphere.  International Atomic Energy Agency, Vienna, Austria.

Zitzer SF, Archer SR, Boutton TW.1996.  Spatial variability in the potential for symbiotic N2-fixation by woody plants in a subtropical savannaecosystem.  Journal of Applied Ecology33: 1125-1136.

Boutton TW,Archer SR, Nordt LC.  1994.  Climate, CO2and plant abundance.  Nature 372:625-626.

Fu QA,Boutton TW, Ehleringer JR, Flagler RB.  1993.  Environmental anddevelopmental effects on carbon isotope discrimination by two species ofPhaseolus.  IN:  StableIsotopes and Plant Carbon/Water Relations, JR Ehleringer, AEHall, and GD Farquhar, Eds.  pp. 297-309.  Academic Press, New York.

Elsik CG,Flagler RB, Boutton TW.  1993.  Gas exchange and 13C of loblolly and shortleaf pine as affected by ozone andwater stress.  IN:  Stable Isotopes and PlantCarbon/Water Relations, JR Ehleringer, AE Hall, and GDFarquhar, Eds.  pp. 227-244.  Academic Press, New York.

Recent  ProfessionalActivities:

Director, Stable Isotope Laboratory, Department of RangelandEcology and Management, Texas A&M University.   Lab consists of 3 isotoperatio mass spectrometers, 2 elemental analyzers, and ancillary samplepreparation equipment.

Keynote address,  British Stable Isotope/Mass Spectrometry Users Group(Exeter, UK, January 1999).  Stable isotopes in ecosystem science.

Keynoteaddress,  Royal Society of Chemistry (Aberdeen, Scotland, July 1997).Stable carbon isotope ratios of soil organic carbon and their use asindicators of vegetation and climate change.

00 

Co-edited special edition of the journalGeoderma, entitled “Biogeochemistry ofStable Isotopes in Soil Environments:  Theory and Application”, Volume82, 1998.

Co-editedbook entitled “Mass Spectrometry of Soil”, published by MarcelDekker, Inc., 1996.

External Examiner, University of Saskatchewan, Department of Soil Science(1995), and Department of Crop Science and Plant Ecology (1988).
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BUDGET JUSTIFICATION

Collaborative Arrangements
This proposal is being submitted as acollaborative research project with Dr. Paul Barnes (Southwest Texas StateUniversity).  As such, the budget shown here reflects only funds requestedby Texas A&M that address the parts of this project for which Drs.  Archer and Boutton have primary responsibility (see Timeline andResponsibilities).   Dr. Archer will be responsible for overall projectmanagement and for coordinating  field work  with Dr. Barnes.Specifically, Dr. Archer will be responsible for plant growthmeasurements (shoot production, dendrometers, seedlinggermination/survival) and the collection of plant/soil samples for C/N andd18O/2Hanalyses and will assist Dr. Barnes in gas exchange, water relations andLAI  measurements.  Dr. Boutton will be responsible for plant/soil C and Nanalyses and d18O2H sample processing.

Salaries and Wages
1.
Archer and Boutton are on 12month appointments so are not requesting salary support.  Their appointments are 50/50 teaching/research.  Light teaching loads at TexasA&M ensure sufficient time to devote to the proposed research. 

2.
Archer and Boutton share a full-time B.S. - level technician (fundedby the Department of Rangeland Ecoogy & Management); that person will beavailable 1/2 time  to assist with the proposed work at no charge to thisproject.

3.
Salary for one Research Associate is requested.  This individual will be recruited from a national search and will have expertise in stable isotope chemistry and massspectrometry.  He/she will be supervised by Dr. Boutton and will be responsible for running C,  N and  d18O/2H analyses.

4. Stipends + tuition and fees for two graduates students are requested.  One student, supervised 


5. by Dr. Archer,  will beresponsible for the seed germination/seedling establishment experiment.


6. The other, supervised by Dr. Boutton,  will be responsible for the deep irrigation experiment.

5.
Wages for an undergraduate student worker (part-time during the academic year;full-time during summer) are also requested.  This student will assist with sample processing and lab work during the Fall/Spring semesters and will assist with field work during the summer period.

All salaries and wages include cost-of-living increases of 5% in Years 2 and 3.    Field trips will be coordinated among the co-PIs, postdoc, graduate students and undergraduate students at SWT and TAMU so that fielddata collection at the La Copita site will be performed by thegroup in a collaborative fashion.  All equipment and data from the projectwill be shared among all individuals on the project.  Drs. Archer, Bouttonand Barnes have actively collaborated on several projects at the La Copitasite since 1990, and have successfully coordinated similarfield data collection trips in the past.

Non-Expendable Equipment
A  new , smaller leaf chamber upgrade for theLiCor 6400 photosynthesis system ($600) is requested to measure gasexchange of the small-leaved shrub species at this study site.  

Materials and Supplies
Miscellaneous expendable supplies include:neutron access tubes, probe raw materials for constructing/repairing TDRprobes, dendrometer bands,  soil moisture tins, toluene for samplepreservation, raw materials for seedling shade structures, fertilizer,diameter tapes, calipers, chain saw repairs,  loppers, pruningshears, bags for sample storage,  PVC pipe,  jack hammer (used to collectdeep soil cores) maintenance

We have 10 kg of 2H-labeled water (99 atom %) in hand that will be appliedtowards this study.  We’re proposing to spend about $3000 on labeledwater, which should get us another 10 kg or so.  This should be sufficientlabelled H2O for the proposed deepirrigation experiment.   Estimates of sample analyses (Carlo Erba C, N;d18O/2H)are conservative and based on cost of acquiring necessary reagents andexpendable materials.

Funds requested for computer services will covercomputer lab fees and give all project personnel unlimited access to TAMUand Rangeland Ecology & Mgmt. departmental computing facilities.
Travel


Travel funds are requested for vehicle travel  to the LaCopita study site (12 trips/year; 5 days stay/trip; 3 people/trip).  Perdiem ($26/day) is requested for each individual per trip.  There is no feefor use of the bunkhouse/office/lab complex at the La Copitaresearch facility . Travel funds are also requested to cover  vehicletravel to meet w/ SWTS personnel (3 trips/year @150 miles/trip;  3 TAMUpersonnel;  only partial per diem requested as these will be day tripsonly).  Funds to cover travel expenses to one scientificmeeting/year are requested for one individual in Year 1, and 3 individuals(Archer, Boutton, Res. Assoc,  or grad students) in Years 2 and 3.
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