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Summary.  I will determine whether germination site influences the demography of seven species of desert perennials in the Colorado/Mojave Desert of California within and among plots selected along an elevational gradient.  Re-census of a 100x100 m plot first mapped in 1984  will establish conditions for long-term survivorship at one site, using records of > 10,000 individually marked plants surviving or deceased from previous censuses, plus a potential windfall of recruits after 2003 El Nino rains.  First re-censuses of two new 35x35 m plots will broaden the study, allowing comparison of static patterns of juvenile/adult distributions, and ultimately comparative demographies, of the same species under different climatic and competitive conditions at different elevations. This re-census will provide one of the most comprehensive existing histories of individually monitored plants in Old- or New-World deserts.  


The proposed census will provide a 20-year history of mortality and survival from the original plot, censuses and maps of a unique (in recent history) episode of germination and establishment of shrubs and cacti from 1998 and 2003 El Nino rains.  
Physical objectives of this proposal are:

i.
Work with a team of 10 students and faculty to re-census a 100x100 m Colorado/Mojave Desert plot in Joshua Tree National Park, California censused in 1984, 1989, 1994 and 1999.  This 

20-year census will:


(1)
Find and measure 6,500+ perennial plants previously measured and mapped, and 


record growth or shrinkage of survivors.


(2)
Locate individually-numbered metal tags of deceased plants.


(3)
Find, identify, individually tag, measure and map to the nearest 10 cm newly 


established perennial shrubs and cacti (1,000-2,000 anticipated).

ii.
Perform the first re-map of two replicate 35x35 m plots at different elevations on the 
same site, first mapped in 1999.

(1)
Find and measure 1,600+ perennial plants previously measured and mapped, and 


record growth or shrinkage of survivors.


(2)
Locate individually-numbered metal tags of deceased plants.


(3)
Find, identify, individually tag, measure and map to the nearest 10 cm newly 


established perennial shrubs and cacti (250 anticipated).

These data will be used to test the following hypotheses:

 i.  
Episodic recruitment of young plants from El Nino-driven rains reversed general 

population decline in eight common species over a previous 10 years of drought. 

ii.  
Episodic infusion of large numbers of seedlings altered the stage-suceptibilities of 
species, making affected populations more responsive to juvenile than adult dynamics 
(i.e. episodic reversal of previous findings, in which juvenile plant dynamics were 
statistically irrelevant 
to population stability over 10 years of drought).   

iii.
Static patterns of juvenile size with respect to adults of the same or different species and 
mortality of juveniles on the original plot indicate ontogenetic niche shifts as juvenile 
plants come to compete with nurse plants (which initially provide shade, enriched soil, 
and protection from rodents).
   

Background and Rationale: 

Many desert plants have long life-spans and episodic germination, resulting in slow change on a human scale and  the superficial appearance of stasis (Vasek 1980; MacMahon and Wagner 1985; Thorne 1986; Bowers et al. 1995; Rundel and Gibson 1996).   The appearance of stasis is illusory, hiding multiple processes that influence the fortunes of seedling cohorts that start under different conditions of protection or competition from larger plants and peers, rendering some circumstances quantitatively ‘safer’ (sensu Harper 1977) than others (Turner et al. 1966; Franco and Nobel 1989). I will determine whether germination site influences the demography of seven desert perennials in Joshua Tree National Park with respect to conditions within and among plots selected along an elevational gradient.  Re-census of a 100x100 m plot mapped in 1984 with National Geographic Society funds and re-censused in 1989, 1994 and 1999 will establish conditions for long-term survivorship at one site, using records of > 10,000 individually marked plants surviving or deceased from previous censuses, plus new recruits after 1998 and 2003 El Nino rains.  Re-censuses of three new 35x35 m plots will broaden the study, allowing comparison of static and 5-year loss patterns of juvenile/adult distributions, and ultimately comparative demographies, of the same species under different competitive and climatic conditions.


Clues to long-term demographic processes can be found in changing relationships between spatial distributions of juveniles and adults.  Distributions of juvenile desert plants often do not reflect distributions of adults (Greig-Smith and Chadwick 1965), but the extent to which the differential success of juveniles is a function of site of establishment is rarely explored (McAuliffe 1988).   Rodents or wind might cache or deposit seeds in such disproportionate quantities that seedling emergence reflects presence rather than advantageous growing conditions (McAuliffe 1990), leading to peer clusters that subsequently experience devastating mortality from competition for resources or from plant-eating animals (e.g. O’Dowd and Hay 1980; in another system, Howe 1993).  Or seedling distributions could reflect adaptive responses to harsh conditions in which juvenile plants are under different constraints than adults.  Juveniles are often more susceptible than adults to desiccation and herbivory, making refuge under canopies of larger plants at least temporarily advantageous as ‘nurses’ of seedlings (see Turner et al. 1966, 1969; McAuliffe 1984, 1986; Florez-Martínez et al. 1994).    Juveniles may also be associated with adult plants due to higher levels of soil nutrients underneath adult canopies compared to intershrub spaces (Franco and Nobel 1989.).  The relevant point is that differences between juvenile and adult distributions could reflect any of several plausible variables relevant to seed distribution, population structure, community composition, or physiology.  Major and multiple mechanistic causes can only be sorted out with extensive and expensive experimental manipulations; what can be answered here is: what the long-term projections of populations are under long-term variations in climate, whether germination site (proximity to adults or peers) actually does influence long-term demography of subsets of populations (or whether seedling dynamics have little if any detectable influence on long-term population stability), and whether ontogenetic niche shifts influence the composition and stability of desert communities.  


Nurse plants effects offer a special opportunity at our site, where clumps of  the same or different species are general (see photo in Miriti et al. 2001).  At first, juveniles benefit with little impact on adults.  Juvenile plants under adult canopies, if followed long enough, may ultimately compete with their former 'nurses' (McAuliffe 1984; Florez-Martínez et al. 1994).  Such an interaction can be considered an ontogenetic niche shift which, although well documented in animals (Werner and Gilliam 1984) has been little-explored in plants.  I am particularly interested in the possibility, which I now see as a likelihood, that different growth stages of these desert plants occupy quite different ecological niches, reflecting changes with growth in the source and well as amount of resources used, and consequently qualitative as well as quantitative changes in the effects of one species on another.


In this census, I ask:


(i) Will episodes of shrub recruitment from seed brought about by the El Nino rains (250-840% above the 20-year February mean in stations surrounding our site for the 1998 rains, > 100% above average and still threatening as I write) which we witnessed pursuant to other studies in May 1998 alter patterns of site-specific mortality documented preceding years of slow attrition and drought-induced loss in which species were in general decline (Miriti et al. 1998, 2001)?   Are the processes of population recruitment in these long-lived plants so episodic that demographic projections based on static pattern (Wright and Howe 1987 ) or a decade of data (Miriti et al. 2001) simply insufficient for judging prospects of these species unless they happen to include an episode such as just occured?


 (ii) Are fundamental demographic parameters episodic? Detailed demographic analysis of elasticities (stage-specific susceptibilities of plants to populations to change) of the dominant shrub at this site (bur sage, Ambrosia dumosa) showed that populations were far more influenced by minor changes in adult shrub survival than much greater variations in juvenile survivorship (Miriti et al. 2001).  I want to see if large quantitative increases in juvenile survivorship and establishment alter stage susceptibilities.


(iii) Do ontogenetic niche shifts occur? Does a 20-year re-census of marked plants actually show whether seedlings under canopies are more or less likely to survive than those in intershrub interstices?  Are seedlings in naturally formed clumps more or less likely to survive than those more widely scattered, either under or away from adult plants?  Or do these factors shift with the age of a young plant, resulting in increasingly evident competition (as judged by growth rates and survival) of juveniles with nurse plants?  These are not trivial questions. Toft (1995) demonstrated with a small population of one shrub on a dune system that adult plants respond to groundwater, but not variability in precipitation.  Is it possible that rain influences only juveniles in our system, while adult shrubs and cacti in close clumps do not compete for water because groundwater is not limiting?  Demographic analysis can show that competition for water does or does not occur between adults and juveniles of small, intermediate, and large sizes. Data should be sufficient to determine if the niche shifts suggested are similar between juveniles of a common species (e.g. Ambrosia dumosa) and adults the the same, or other (e.g. jojoba, Simmondsia chinensis) species.    
Methods: 


The original study site is located in high desert on a bajada northeast of the Eagle Mountains within Joshua Tree National Park, approximately 10 km from the transition of the Colorado Desert to the Mojave Desert (longitude 115o47’; latitude 33o46’; elevation 1006m).  The steepest slope parallels the bajada and is 4%. Soils from 9 sampling stations consist of sand (62.4%), gravel (29.8%) and clays (7.8%).  Rainfall averaged 18.5 cm/yr at the Cottonwood Spring ranger station (2km distance) from 1970-1984.  The most conspicuous species are bur sage Ambrosia dumosa (approx. 60% of stems), and creosote Larrea tridentata (approx. 3% of stems) (Wright and Howe 1987, Miriti et al. 1998).  We will map for two weeks in March 2004 to avoid hot weather (night temperatures at that time are 30-45o F, day temperatures 70-80o F).


Questions (i) and (ii) above will be addressed with a re-census of the original 100x100 m plot, with existing tagged plants measured and recruits tagged and mapped to the nearest 10 cm on the grid.  This comprehensive census and remap, following 4 previous censuses (1984, 1989, 1994, 1999), will permit a uniquely quantitative demographic analysis of target species (bur sage, Ambrosia dumosa; buckwheat, Eriogonum fasciculatum; Krameria grayi; pencil cholla, Opuntia ramosissima; desert mallow Sphaeralcea ambigua; jojoba Simmondsia chinensis; and yucca Yucca schidigera) over 15 years, including episodic mortality (extreme drought from 1989-90) and episodic recruitment (1998).  If recruitment permits it, I will add creosote Larrea tridentata, which until now has shown little evidence of either mortality or recruitment, but which may be experiencing an episode of seedling emergence.  


In a census the individually numbered metal tag originally attached to the stem of a perennial plant is found (not always a small task in a large bush or cactus) and the following are recorded: identification number, presence of flowers or fruits, height, two-dimensional widths (long and short axis) of the plant, and identification numbers of other plants which it touches.  The same data are recorded for new plants, along with coordinates to the nearest 10 cm on a 5x5 m grid surveyed in 1984 (1 ha) or 1999 (two 35x35 m plots) and marked with permanent pegs.  


A 20-year re-census will permit matrix projections found to be invaluable in the understanding of population dynamics in short-lived (Sarukhàn and Gadgil 1974;Werner and Caswell 1977; Caswell and Werner 1978) and long-lived  (Huenneke and Marks 1987; Alvarez-Buylla and García-Barrios 1991; Florez-Martínez et al.1994; Horvitz and Schemske 1995; Toft 1995; Miriti et al. 1998, in review) plants. Because my colleagues and I have censused at 5-year intervals, I will use stage (Lefkovitch 1965) matrices to calculate the asymptotic population growth rates (), stable stage distributions, and elasticities (stage-specific susceptibilities to demographic change; deKroon et al. 1986).  For desert plants, these are little-used tools (Toft  1995; Miriti et al. 2001) which permit the prediction of population and ultimately community patterns without annual enumeration of survival and mortality.  In particular, based on the first 10 years of data, my colleagues and I found that the fundamental dogma of desert ecology derived from short-term studies over 1-5 years, that seedlings and juveniles are strongly favored under adult "nurse plants," is at best a misleading partial truth (Miriti et al. 2001).  In fact, seedlings do establish under nurses for up to 5 years, but then as they become large enough to compete with larger plants, they  are disproportionately killed by the "nurses."  Long-term matrix projections show that the unusual seedlings that manage to establish and survive a few years in isolation from adults contribute more to population growth () than the nurses or the nursed.   

Using data from the 20-year re-census, I will be able to discover whether: (i) El Nino-driven episodic recruitment reversed general population decline in these species over the previous 10 years, (ii) El Nino-driven growth of large adults actually results in disproportionate mortality of seedlings under "nurses," but growth of isolated plants, and (ii) whether episodic infusion of large numbers of seedlings alters the stage-suceptibilities of isolated versus "nursed" indiviudals, making affected populations more or less responsive to juvenile than adult dynamics.     


This proposed mapping of a set of cohorts of known inception (the 1998 and 2003 El Nino cohorts) will permit application for long-term (> 5 years) NSF funding.  Until now, there has been no such cohort or rationale in the 20 years of this study.  Such cohorts later monitored annually with NSF support can be evaluated with age matrices (Leslie 1945) ubiquitous in demographic analyses, which provide more infomation than stage projections alone.    


Question (iii) will be addressed with the original and 2 new mapped 35x35 m plots.  Static pattern can show whether small juveniles are more common under adults than large juveniles (Miriti et al. 1998).  A definitive analysis requires actual data on survivorship of marked plants over a long enough time to document random or non-random mortality with respect to adult plants.  The 20-year re-census will permit this test for the most abundant species in the original plot (e.g. bur sage and buckwheat, perhaps mallow).  

 
I have found that clumping within and between species is general at this site, despite density-dependent mortality of juvenile plants in several common species.  As key species have been in slow decline over years of drought, the quantitative impact of germination position has changed.  For Ambrosia, for instance, position matters far more during the severest drought than otherwise. Mapping following the major 1998 El Nino rains and germination episode suggested at least as much adult-induced mortality of seedlings as the expected recruitment.  Shifts in competitive position of older plants since the 10 year census, and initial thinning of the 1998 and now establishing 2003 cohorts to thin in accordance or contrast with predictions.  What is now expected is that neither the extreme drought nor wet (everything is relative) years favor episodic mean recruitment, but that the wet years favor episodic death of "nursed" seedlings and juveniles and episodic establishment and growth of "isolated" counterparts away from adult plants. New plots will permit  a general evaluation of static pattern of adult and juvenile plants and set the stage for comparative demographies under different competitive regimes. 

Significance: 


In searching for the pulse of change in this desert community, knowledge  of  thousands of individual plants of > 20 species over 19 years is showing clear differences in the rates at  which protective nurse effects or competitive thinning take hold for different species on  time scales  that exceed the patience of most granting agencies or observers. Nurse effects and density-dependent mortality influence the spatial context of recruitment and mortality.  Our work will ultimately permit a far more believable projection of community change with environmental change than could otherwise be possible.  Replicates established in 1999 will provide a broader context for understanding these processes on recruitment and persistence in ungrazed desert, as a basis for comparison with neighboring rangelands.  
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