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Collaborative Research - Assessing the geographic and temporal consistency of life history and demographic patterns: a long-term, multi-site comparison

Project Summary:

STATEMENT OF THE PROBLEM

One of the stated missions of the LTER Network is to “facilitate and conduct ecological research through understanding ecological phenomena over long temporal and large spatial scales” (LTER web site).  To date, a major focus of LTER-based research has been ecosystem-level processes such as primary productivity, organic matter accumulation, and nutrient transport.  This work has lead to a much greater understanding of how ecosystem functioning varies over long temporal and large spatial scales.  Unfortunately, population ecologists are much more in the dark about how much spatial and temporal variation exists in life history and demographic processes among multiple populations of a single species.  As we review in more detail below, the vast majority of species that have been the subjects of demographic or life history studies have been examined at only one or at most a few (typically nearby) sites.  Moreover, most such studies have been relatively short in duration.  This lack of multi-site, multi-year information leaves us almost completely incapable of addressing two broad questions in population ecology.  The first is the “extrapolation problem”: how well can we extrapolate demographic or life history results from only one or a few populations to multiple populations  throughout the range of a species?  The second question, which we will call the “range problem”, is: do demographic processes differ between central and peripheral populations in ways that help us to understand the population-level mechanisms setting range limits?  

To tackle these questions, we propose to utilize the unique opportunity presented by the LTER network to begin to fill the current information gap on geographic and temporal variation in population processes.  Specifically, we will conduct a long-term, multi-site study of the demography of two widely-distributed and well-studied herbaceous perennial tundra plants, moss campion (Silene acaulis) and bisort (Polygonum viviparum).  We will collect demographic data from 16 to 20 populations of each species distributed among two habitat types (dry fellfield and moist tundra meadow) and four sites.  These four locations represent a combination of two LTER sites (Toolik Lake and Niwot Ridge), an International LTER site (Canadian Rockies), and a non-LTER site (Wrangell Mountains) that spans nearly 30 degrees of latitude and covers most of the north-to-south range extent of both species in North America (Fig. 1).  The proposed work will make use of long-term environmental monitoring being conducted at the LTER sites.  It will also build upon a long-term demographic study of moss campion that we have been conducting at the Wrangell Mountains site since 1995, as well as work on bistort conducted in the 1980s at Niwot Ridge. In addition to these pre-existing data, our choice of these two species rests on their quite different life histories and wide ranges, enabling us to perform a comparative life history study in a broad geographical context. 

Fig. 1: Sites included in the proposed study.  The ranges of moss campion and bistort extend from the Arctic Ocean to central Colorado.

We will use the demographic data we collect to build stochastic projection matrix models for each population.  Stochastic models represent the correct way to analyze demographic processes that vary over time.  The current budget cap and the travel costs involved in a multi-site comparison such as this will only allow a three-year study, which will be only just sufficient to estimate temporal variation in demographic rates at the newly-established study sites.  However, we will be able to place our findings in the context of our much longer-term data for moss campion at the Wrangell Mountains site.  Furthermore, we intend to seek ongoing funding to continue the work at all sites for a minimum of seven years (for estimates of six demographic transitions).  In additional to conducting standard statistical comparisons of spatio-temporal variation in single vital rates, we will use the stochastic population models to address the following specific questions that fall within the framework of the extrapolation and range problems:

1. Are measurements of local, between-habitat differences in demographic rates able to explain  most of the demographic variability seen across the entire species range?

2. Do overall patterns in life history traits, including mean/variance relationships and rankings of relative importance for population growth, remain fairly constant across a species’ range, or do they vary considerably? 

3. Is more of the geographical variation in demographic performance (if any) accounted for by differences in the temporal variance in demographic rates or by differences in mean values?

4. Are there consistent demographic differences between populations close to the limits of a species range and those near the center of the distribution?

Before describing our data collection and analysis methods, we provide further background on the problems we will address and the biology of our two focal species. 

BACKGROUND AND PRIOR RESEARCH:

A. The lack of data on geographical variation in demography and its importance.


As for other taxonomic groups, most prior demographic studies of plants have focused on a single population for only one or a few years.  To back up this statement, we screened papers that were cited in or themselves cited a recent review of the demography of perennial plants (Silvertown et al. 1994).  These studies attempted to measure all the important demographic processes (survival, growth, and reproduction) that one would need to include in a projection matrix model.  All in all, we were able to locate such studies for 85 species, and we determined the geographical and temporal extent of each study.  For nearly three-quarters of the species, 
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Fig. 2. Spatial and temporal extent of published demographic studies of terrestrial plants. A) number of populations studied per species; B) maximum number of annual transitions per species; C) maximum distance between sites for species studied at >1 site (as % of maximum range diameter).

only a single population was studied (Fig. 1A), and two-thirds of the studies quantified only three or fewer annual transitions (Fig. 1B).  The geographical coverage of these studies is even worse than these statistics suggest.  In Fig. 1C, we present the maximum distance between the study populations as an approximate percentage of the maximum diameter of the species’ range (as stated in the study or as determined from floras).  With two exceptions (Furbish’s lousewort, a rare endemic found only along a single river in Maine (Menges 1991), and royal catchfly (Menges and Dolan 1996)), the separation between studied populations typically does not even approach one-half of the species ranges.  Clearly, we are presently in no position to make any reliable statements about life history and demographic variation in plants at a spatial scale even remotely approaching the entire range of a species, or a temporal scale of even half a decade.
This paucity of multi-site data presents a serious problem for population ecologists, who  are often forced to assume that the vital rates measured in one population can be adequately extrapolated to all populations of a species, with very little evidence to back up this assumption. Many of the studies that do include full demographic estimates for multiple populations are designed to span striking management or successional gradients (e.g., Horvitz and Schemske 1995, Menges and Dolan 1998, Valverde and Silvertown 1998, Pascarella and Horvitz 1998), across which extrapolation is clearly unlikely to be valid. Furthermore, of the two plant studies we reviewed that did include a multiplicity of populations, both found evidence of substantial differences in life history patterns between populations, suggesting that extrapolation regarding growth rates or the relative importance (measured by elasticity values) of different vital rates is unwarranted (refs). This conclusion is further reinforced by simulation studies using information on variability in the vital rates of three vertebrates, which suggest that at least for some species, the ability to extrapolate about the rankings of elasticity values for different vital rates from one population to another is quite limited (Beissinger  and Westphal 1998, Wisdom et al. 2000). However, these conclusions do not rest on complete data gathered over a variety of sites, or designed for the measurement of geographic variability per se. 

Thus, while we know that the environmental factors likely to influence important demographic processes vary in space, we have rarely quantified geographic variation in those processes.  Without such data, many questions remain unanswered.  Can we safely use information collected in one population to assess the viability of another population in a distant part of the species’ range or to rank the importance of different life history stages for population growth and hence management, as conservation biologist are often called upon to do. Will single-population data suffice to predict how multiple populations will respond to broad-scale environmental changes such as climatic warming, the magnitude of which is expected to vary regionally?  How does the degree of demographic variation driven by microclimatic differences among habitats in a single region compare with the variation one would see across the entire range of a species?  Or put another way, how well might we be able to understand range-wide variation by simply understanding the variation among identifiable habitat types within a single region?  All of these questions fall under the umbrella of the broader question: how well can we extrapolate demographic patterns among populations?

The above problems concern extrapolation of the demography of one population to other populations of the same species. A second aspect of ‘the extrapolation problem’ concerns comparisons between species. Contrasts between the demography of different species have increasingly been used make generalizations about life history patterns and tradeoffs (Silvertown et al. 1993, 1996, Shea et al. 1994, Heppell et al. 19??). For example, for long-lived species reproduction contributes less to population growth than does survival of adults (Silvertown et al. 1993). However, with very few studies of spatial variability in demography, such comparisons must implicitly assume that there is no important within-species variability in demographic patterns, even though we know that striking variation often exists in at least some traits (Stearns, Roff). This problem is even more acute in efforts to include temporal variability in interspecific comparisons. In the absence of multi-year data, population ecologists are often forced to assume that vital rates are either constant over time (and thus can be estimated with only one or a few years of data) or that their variances are  accurately estimated with a small number of censuses.  However, we increasingly recognize that the degree of temporal variability can be a key determinant of both the interpretation of life history patterns (Cohen 1966, Gillespie 1977, Ellner 1985a, 1985b, 1997, Frank and Slatkin 1990, Orzack 1993) and also population fate (Tuljapurkar 1990, Lande and Orzack 1988, Dennis et al. ??). Still, few demographic studies are of sufficient length to adequately estimate temporal variability in vital rates, and even fewer include multiple sites to assess spatial differences in the variance and covariance of survivorship, growth and reproduction. 

B. Demography of central vs. peripheral populations:

Demographic information from multiple populations and years can also help to identify the key factors setting the range limits of species.  Many correlational studies (reviewed by Hoffmann and Blows 1994) have found that range limits coincide with particular abiotic conditions, but they provide little information about the mechanism of range limitation.  At a more detailed level, physiological studies have shown how environmental conditions at range boundaries affect physiological processes that translate into reduced performance of individuals (reviewed by Woodward 1987), measured as survival, growth or reproduction.  These studies have sometimes implicated key environmental factors, and key aspects of the performance of individual organisms, that limit range expansion.  Examples include water availability limiting summer growth (Pigott and Pigott 1993), sensitivity of winter mortality to extreme temperatures (Woodward 1997), growth limitation due to the amount and duration of warm weather during the growing season (Woodward 1997, Bell and Bliss 1979), and even temperature limitation of pollen tube growth rates restricting seed production (Pigott and Huntley 1981).  


However, in order to result in a range boundary, these physiological effects on individual performance must translate into population-level consequences such that populations do not occur or cannot persist outside of a prescribed geographical region.  Population ecologists have proposed two non-exclusive mechanisms that act to bound species distributions, one operating within local populations and the other operating between populations.  According to the within-population mechanism, if we examine a string of local populations along a transect extending outward from the center of the range, the rates of the key demographic processes of survival, growth, or reproduction will change, as determined by the physiological tolerances of the species, until a point in space is reached at which recruitment into a local population is no longer sufficient to counteract the loss of individuals through mortality (Watkinson 1985, Maurer and Brown 1989).  Beyond that point (which may shift as environmental conditions change), new populations cannot establish and established populations cannot persist.  

A second possibility is that range limits may be set purely by metapopulation processes (Carter and Prince 1981, 1988, Lennon et al.199?, Brown et al.1996, Holt and Keitt 2000), with limits occurring at the point along an environmental gradient at which the distance between patches of suitable habitat becomes too great for recolonization to compensate for the local extinction of occupied patches (Carter and Prince 1981, Lennon et al. 1997, Holt and Keitt 2000).  Three metapopulation features (or combinations of the three) potentially influence range limits: the frequency of sites that are suitable for a species, the rate of extinction of established populations, and the rate of colonization of empty sites (Holt and Keitt 2000). Importantly, as Holt and Keitt have emphasized, these  metapopulation features can change as a result of factors that have nothing to do with the intrinsic dynamics of local populations.  For example, colonization rate may decline due to gradients in the abiotic conditions or the densities of natural enemies in the intervening matrix through which would-be colonists must disperse to get from one suitable site to another, even if conditions within those sites are everywhere the same.  Similarly, the extinction rate may change due to an increase in the frequency of catastrophic disturbances, which leave no imprint on the dynamics of populations during the intervals between disturbances.  


Of course, range boundaries can be determined by changes in both within-population and metapopulation processes. However, in their extreme forms the two mechanisms make distinct predictions about local population dynamics.  Specifically, the metapopulation mechanism does not require any differences in the intrinsic  dynamics of central vs. peripheral populations, whereas the within-population mechanism predicts that the intrinsic rate of local population growth (birth rate minus death rate) will fall off as the boundary is approached.  Thus while it may be difficult to demonstrate conclusively that the colonization rate or frequency of suitable sites declines or that extinction rate increases as a boundary is approached, we can at least ask whether the intrinsic dynamics of central and peripheral populations differ.  If not, a role for metapopulation processes in setting the boundary would become more likely.  


Surprisingly few studies have attempted to measure all of the components of the intrinsic growth rate for central and peripheral populations, although a number of studies have quantified some of its components.  The evidence these studies present in favor of the within-population vs metapopulation mechanism is mixed.  The winter annual Lactuca serriola shows no marked decline in fecundity or seedling establishment at the northern limit of its range in the U.K. (Carter and Prince 1985), or even when transplanted beyond the limit (Prince and Carter 1985), which prompted Carter and Prince (1981, 1988) to argue in favor of metapopulation processes.  

Similarly, Lammi et al. (1999) found that, although populations of Lychnis viscaria at its northern periphery were smaller and had lower levels of genetic variation, they did not differ from southern populations in several reproductive components (seed size, number per capsule, and germination).  Houle and Bouchard (1990) reported growth rates at the northern limit of Celtis occidentalis that were similar to those in more southern populations.  However, all of these studies neglected to quantify one or more of the vital rates (i.e. survival and, in the case of Houle and Bouchard, fecundity) needed to estimate intrinsic population growth rate.


The most complete comparisons of the dynamics of central and peripheral populations focussed on the winter annual grass Vulpia ciliata ssp. ambigua (Carey et al. 1995) and the clonal perennials Helianthus divaricatus and Rhus aromatica (Nantel and Gagnon 1999).  Carey et al. showed that population growth rate declined in concert with population size and density towards the edge of the species range, as would be predicted by the within-population range-limitation mechanism.  The decline in growth rate was due to a drop in fecundity, not a change in survival. Still, one limitation of the Carey et al. study is that it lasted for only 1 year, making it difficult to determine if the low growth rates in marginal populations were due to an unusually bad year, or if those populations are likely to be sinks maintained by immigration (Carey et al. 1990).  This ambiguity highlights the need for longer-term population studies of central and peripheral populations.  Nantel and Gagnon’s study of two clonal plants included two annual transitions, but omitted study of reproduction from seed; for these two species there was [name what the basic pattern was near edge of range]


By comparing the detailed demography of central and marginal populations of our two study species, we seek to determine whether intrinsic growth rate is relatively constant across the range (as predicted by metapopulation theories) or falls off as the range limit is reached, and if the later, to pinpoint the demographic processes responsible for the decline.  In addition, range limits may be reached not where the arithmetic mean intrinsic rate of increase reaches zero, but where the level of variability in demographic processes causes the geometric mean growth rate to be zero.  Thus, knowledge of patterns in demographic stability are also key to addressing the range limit problem. 

C. Biology of the Study Species, Silene acaulis and Polygonum viviparum
Moss campion (Silene acaulis, Caryophyllaceae) is a long-lived cushion plant characteristic of alpine and arctic tundra throughout the circumboreal zone (Hultén 1974).  Its wide geographic range has led to its inclusion as a focal species in the International Tundra Experiment (ITEX), a circumboreal set of experiments on global warming effects (Molau and Mølgaard 1996) that includes the Toolik Lake and Niwot Ridge LTER sites.  Individual plants are composed of tight, elliptical aggregations of short-leaved branch tips ("rosettes"); because of this low, compact form, plant size is easy to quantify as two-dimensional  cushion area.  In addition, each cushion has a single taproot, and branches do not root adventitiously, so individuals are usually easy to distinguish.  Moss campion is gynodioecious; the ratio of females to hermaphrodites is reported to vary among populations, as does relative fruit production both between genders and between hermaphroditic individuals (Hermanutz and Innes 1994, Shykoff 1988, 1992, Alatalo 1997, Morris and Doak 1998, Maurice et al. 1998, Delph et al. 1999).  Moss campion is also a host to the anther smut fungus Microbotryum violaceum, which reduces fecundity of both infected and healthy individuals (Marr 1997).  Disease prevalence varies among populations (Morris and Doak 1998); so too must disease-induced reductions in fertility.  Age at first reproduction and longevity also vary among populations; in Alaska, individuals rarely reproduce before age 27 but can live more than 300 years (Morris and Doak 1998), whereas in Colorado plants may begin reproducing before age 5 (Gehring and Delph 1999) and survive 75-100 years (Benedict 1989).  

The alpine bistort (Polygonum viviparum (=Bistorta vivipara); Polygonaceae) is also circumboreal, but in contrast with moss campion, is thought to be relatively short lived (maximum age = 26 years, Callaghan and Collins 1981) and individuals are less variable in size and reproductive potential. Each ramet consists of 1 to 3 leaves and 1 to 2 inflorescences and arises from a single unbranched rhizome (Diggle 1997). Plant size is easily quantified by leaf area (Wookey et al. 1994). These ramets are incapable of clonal reproduction via rhizomes or roots (Diggle 1997). However, bistorts can spread through the production of asexual bulbils on the lower parts of their inflorescences (Law et al. 1983, Diggle et al. 1998). The patterns and potential tradeoffs between these sexual and asexual modes of reproduction (seeds vs. bulbils) has been the focus of much research on this species (Law et al. 1983). While very little seed production has been observed in this species (Law et al. 1983, Callaghan and Emanuelsson 1985, Diggle et al., 1998), multiple genotypes are present both between (Bauert 1996) and within (Diggle et al. 1998) bistort populations, indicating some sexual reproduction. At both Niwot and Wrangell sites viable seeds are produced (pers. obs.). While there is a clear tradeoff between seed and bulbil production (Law et al. 1983) and considerable variation in reproductive mode between populations (Law et al. 1983, Bauert 1993), the forces favoring one mode of reproduction over the other are not clear (Bauert 1993). In addition to this work on sexual versus vegetative reproduction, several studies on bistorts have documented changes in growth and reproduction with both experimental and natural variation in micro-climate (Wookey et al. 1994, Enquist and Eersole 1994, Totland and Nylehn 1998). However, no previous studies have fully quantified the vital rates needed for a full demographic analysis of either life history strategies or effects of climate. By parameterizing such models for bistorts are each of our study sites, we will be able to more carefully address these issues, in addition to testing our more general questions about variation in demography.  

 In sum, our two target species provide a strong contrast in life histories, and both have been the subjects of research into important life history and climate change questions, work that whose interpretation will be aided by the multi-site demographic analyses we propose. In North America, both moss campion and alpine bistort range from low elevation along the shores of the Arctic Ocean, just to the north of the Toolik Lake LTER site, to high elevations in the Rocky Mountains of Colorado, just to the south of the Niwot Ridge LTER site (Fig. 1).  Thus, for both, our study sites span close to the latitudinal range within western N. America. 

D. Prior Work: Moss Campion Demography and Life History in the Wrangell Mountains

With current support from NSF (DEB-9806818) and with permission from the National Park Service, we are studying demographic responses of moss campion to climate change in the Wrangell Mountains of southcentral Alaska. The approach we are taking is to estimate present-day demographic rates (see Morris and Doak 1998) in order to parameterize stochastic projection matrix models.  We then use the models to predict the most likely size distributions of populations assuming a variety of scenarios of past climate-induced changes in demography leading up to the current rates.  Ultimately, we will compare observed and predicted population size distributions as a means of testing for biotic responses to ongoing climate change (see Doak and Morris 1999 for a description of the method).  We are also testing our conclusions by mimicking climate change effects with ITEX open-topped chambers (to enhance temperature) and experimental snow removal (to simulate earlier meltout).  While the question we are addressing in our currently-funded work differs substantially from the proposed research, the demographic information we are now collecting will form the nucleus of the long-term, multi-site study we propose here.  In particular, when the current grant ends in June, 2001, we will have added 3 years of demographic information to data we collected prior to the funding period, for a total of 6 years of data (5 transitions).  The current proposal would increase that total to 9 years.  This would make our study one of the longest continuous plant demographic studies on record (see Fig. 1B). 

In 1995, we established 5 study populations along an elevational gradient near the town of Kennicott, AK (61o30' N, 142o50' W).  We added 3 more populations in 1998, with a maximum separation of 5 km.  The habitats range from dry fellfield to seasonally moist tundra meadow.  Each year, we measure the survival, growth, and fecundity of nearly 4000 individual plants across the 8 populations, using methods described under the proposed research. 

We have used these data to construct size-structured, sex-specific matrix models for moss campion (Table 1). This model predicts a slowly growing population ((=1.0095). Females and hermaphrodites do not differ in their propensity to grow, shrink, or remain the same size (G=0.42, df=3, P=0.81), but do not differ in fruit production, indicating the need to consider gender in models for this species. Moss campion shows two life history features that appear to be adaptations to the unpredictable alpine environment, high annual survival of individuals once they are past the seedling stage coupled with extremely slow rates of growth.  These two features combine to yield high longevity. Using the methods of Cochran and Ellner (198?), we estimate that the ages of the largest individuals in our populations to exceed 300 years (Morris and Doak 1998 – FIG XX).  In contrast to the highly stable rates of survival and growth, components of fecundity show considerable spatial and temporal variation.  For example, fruit production is low and relatively constant in some populations (see PA in Fig. XX), but substantially higher and quite variable in others (see RI in Fig. XX).  Moreover, our study populations do not show the same temporal patterns in demography, in spite of their proximity. For example, the interaction between habitat and year had a greater influence on the germination rate of seeds one year after sowing  than did the main effect of habitat (Fig. XXX).

Fig. 3: Moss campion fruit production in 5 Wrangell Mountain populations over 5 years.
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Figure XX. Percent of seeds germinating one year after sowing in fellfield and moist meadow habitats in the Wrangell Mt. study site. Year, habitat, and their interaction are all significant (ANOVA). Each bar shows mean and s.e.m. for ten plots of 200-400 seeds each.

Table 1. Definition of size classes and measures of survival, growth, and fecundity in 1995-96 (size class 1 (not shown) is seedlings; size classes 2-4 have 1, 2-10, and 11-20 rosettes, respectively; N=1236 plants). A projection matrix using these data predicts a slowly growing population ((=1.0095).

     Size Class
Major Axis (mm)
# of plants in 1995
% surviving to 1996
% of survivors growing
% of survivors shrinking
Mean fruits/plant          Females       Herma-                phrodites
 SSD sensitivities* Birth            Size-        Transition

2
-
207
86.28
3.30
0.0
0.0
0.0
-
13.99

3
-
229
89.22
4.17
0.52
0.0
0.0
-
11.60

4
-
119
97.96
9.78
5.44
1.26
0
0.147
3.91

5
0-50
134
95.83
23.68
0.88
2.51
0.53
0.063
1.90

6
50-75
153
99.14
14.29
3.36
2.66
1.13
0.082
2.74

7
75-100
99
99.17
11.54
1.28
6.13
2.30
0.082
2.71

8
100-125
89
100.0
20.00
0.0
7.70
2.18
0.078
2.53

9
125-150
58
100.0
2.56
2.56
9.12
1.46
0.282
10.69

10
150-175
34
100.0
6.90
3.45
17.36
4.96
0.088
4.31

11
175-200
27
100.0
13.33
6.67
21.59
2.11
0.046
3.02

12
>200
87
100.0
0.0
2.50
24.52
6.18
0.156
7.66

E. Results from Prior NSF Support

In addition to the current work described above on the response of moss campion populations to climate change, the most closely related previous awards Doak and Morris have received from NSF are: 

Doak: NSF Population Biology/Conservation Biology Award DEB-9424566, 1995-1997, "Modeling the Effects of Habitat Degradation: An Assessment of the Risks to Population Viability and the Effectiveness of Population Monitoring." $72,487.

Resulting Publications: Doak 1995, Press et al. 1997, Doak et al. 1998, Morris and Doak, 1998, Crooks et al. 1998.

Morris: 

NSF Grant DEB-9509563, 1995-1999, “The balance between benefit and detriment in a plant/nectar-robber mutualism”, $120,041.
Resulting Publications: Morris 1996, Gross et al. 1999, Morris et al. 1999, Morris in press.

Research: With the assistance of these and other NSF grants, both Doak and Morris have conducted research relevant to the proposed project. Doak used size-structured matrix models identical to those described in the current proposal to examine the lifetime impact of chronic herbivory on a clonal, herbaceous plant (Doak 1991, 1992). Doak has also developed similar models to analyze conservation strategies for the threatened desert tortoise (Doak et al. 1994). Morris examined the role of biotic and abiotic factors in determining the rate of seedling establishment in primary succession on the devastated landscape at Mount St. Helens (Morris and Wood 1989, Wood and Morris 1990). Morris has also received support from NSF (BSR-9396119 and DEB-9509563) to study the pollination biology of insect-pollinated plants (Morris 1996), and in particular to build mechanistic models of pollen dispersal by insect pollinators (Morris 1993, Morris et al. 1994a,b, 1995). We will use maximum likelihood techniques similar to those developed in that project (also see Morris 1997) to measure the fit of the predictions from our population matrix models to the observed population size distributions. In a complementary fashion, Doak has received NSF support to develop models for stochastic demography of endangered species with changing habitat patterns as well as of monitoring strategies to detect the effects of habitat degradation (Doak 1995, Crooks et al. 1998). 

Prior support from NSF has also enabled research that forms the foundation of two book projects in which Doak and Morris are currently involved.  Doak is producing a book entitled “The Demography of Dormancy”… (Princeton University Press), and Morris and Doak are co-authoring “Methods in Population Viability Analysis” (Sinauer Associates).  Both of these books rely heavily on stochastic projection matrix techniques that will for the analytical basis of the work proposed here.

Human Resources: Over the past two years Doak has had a total of five doctoral students in his lab: two have been NSF Fellows (O’Malley and Thomson) and two have been awarded NSF Doctoral Dissertation Research awards (O’Malley and Marvier). The first two students finishing degrees from Doak's lab have secured an NSF PostDoctoral Fellowship (Marvier) and an assistant professorship at San Jose State University (O’Malley). Doak is also a participant in a NSF Interdisciplinary training grant at UCSC, which currently provides partial support for two of his students. Undergraduates working closely with Doak have also done well, as evidenced by admissions to graduate programs; over the last three years a total of eight have been admitted to doctoral programs in ecology at UC Berkeley, Cornell, and UC Davis.

Of 6 doctoral students in Morris's lab in the past 5 years, one (Damiani) held a NSF predoctoral fellowship and 3 (Inouye, Murphy, and Hudgens) received Dissertation Research awards; two of these are now postdocs.  Another (Crone), is currently an assistant professor at the University of Calgary, Alberta. Four undergraduates from the lab (Rasmussen, Chang, Lockwood, Gross, and Anderson) have received NSF predoctoral fellowships to join graduate programs at U. Washington, Carnegie Mellon, U. Wisconsin, and U.C. Santa Barbara. Two other undergraduate assistants in the lab (Chase and Farley) have also gone on to graduate programs.  

PROPOSED RESEARCH

Overview: Our proposed multi-site study will take place at the following four sites: 1) the Toolik Lake LTER site; 2) our existing moss campion site in the Wrangell Mountains of Alaska; 3) a new site in the Canadian Rocky Mountains (in either Kootenay, Yoho, or Waterton National Parks, all parts of NSERC’s EMAN (Environmental Monitoring and Assessment Network) program and all International LTER affiliate sites); and 4) the Niwot Ridge LTER site, where we have access to data from previous demographic work on bistort.  Our goals in choosing these particular sites are: to take advantage of past and ongoing environmental monitoring at the LTER sites; to spread sites more-or-less evenly throughout the latitudinal range of the study species, to get a full picture of geographical variation in demographic and life history processes; and to be able to compare peripheral populations (Toolik and Niwot) to more central ones (Wrangell Mts. and Canadian Rockies).  


We have obtained letters of cooperation from Drs. Seastedt and Shaver (the Principal Investigator at Niwot Ridge and a Senior Scientist at Toolik Lake, respectively) and have received communications from Canadian ecologists stating that there should be no difficulty in obtaining permission to work at our proposed sites there (see appended letters).  We have not determined at this time the exact Canadian site we would use; if funded, we plan to visit all 3 Canadian parks in the first year of the study to determine which has the most accessible populations of our focal species.  We would then obtain formal permission to work at that site.  We also anticipate no difficulty in obtaining permission from the Wrangell-St. Elias National Park and Preserve to continue to working in our current study populations.  


At each of our study sites, we will establish four study populations for each species, two in dry tundra/fellfield habitat and two in moist tundra habitat.  Replicate populations within a habitat type will be separated by as much distance as each site allows.  Our current site in the Wrangell Mts. already includes two moss campion populations at each end of this moisture gradient.  Hence the proposed work will involve establishing 12 new moss campion study populations (2 populations x 2 habitats x 3 new sites) and 16 bistort study populations (2 populations x 2 habitats x 4 sites).  The total of 16-20  spatially-nested populations in our data set (including the 8 current moss campion populations) will give us a good sample size for examining geographical variation in demography and life history, as well as the ability to test statistically for effects of habitat, site, and their interaction (see below).


The principal modeling tool we will use to address the extrapolation and range questions raised above is the stochastic population projection matrix.  In the following sections, we describe the methods we will use to collect data from multiple field populations for each species.  We then discuss how these data will be used to parameterize matrix models for each population, and the types of information such models can yield.  Finally, we discuss how the model products and other statistical tests will be analyzed to address our focal questions.

I. Collection of demographic and life history data from field populations

A. Measuring vital rates for moss campion: Construction of size-structured population projection matrices requires data on three classes of vital rates: survival from one year to the next, change in size for survivors (growth, stasis, or shrinkage), and fecundity (the number of offspring produced by each established plant over one year).  We have developed accurate methods to measure each of these rates during our ongoing work. To measure survival, we will conduct annual censuses of marked plants.  At the start of the proposed work, we will haphazardly lay out transects in each study population using a meter tape, permanently marking  the ends with metal spikes. In a 0.5m zone on either side of the tape (narrow enough to census plants without walking in the transect), we will locate every moss campion individual larger than a seedling, record both its position along the transect and distance from the tape, and mark it.  Large plants are marked using numbered aluminum tags with wires inserted through the cushion; small plants are marked with wooden toothpicks inserted in the ground.  In our experience in the Wrangell Mountains, the aluminum tags remain in place for many years, and plants marked with toothpicks can be quickly relocated using the recorded positions (which also allow us to relocate those few larger plants that have lost their tags).  We will continue to add transects at each population until we have marked a total of 400 plants, at least 200 of which must be 20 rosettes or greater in size (to assure adequate representation of plants of all sizes).  This procedure will yield sample sizes at each new population similar to those in our current study populations.  Late in the growing season each year (see below), we will visit each population and record whether each plant is still alive.  

To measure growth or shrinkage, we need to estimate the size of each surviving plant each year.  For small plants (i.e. fewer than 20 rosettes), we measure size by counting the number of rosettes.  Because larger plants consist of up to several thousand rosettes, we measure their size as the two-dimensional area of living foliage in the cushion.  To determine foliage area, we first place a scale bar next to each plant and then videotape it.  Then in the laboratory, we digitize a representative frame from the video sequence for each plant.  We then use Adobe Photoshop to outline the plant, excise it from the background vegetation, and remove unwanted objects (e.g. dead leaves, rocks, other plants, etc.) from the center of the cushion.  Finally, we measure the two-dimensional area of the living foliage, calibrated against the scale bar, using image analysis software (Scion Image), providing highly accurate size estimates.  Digitized images of each plant from each year are archived on CDs, which provide a permanent record of the size trajectory of each plant. 

We estimate the fecundity of each plant by multiplying its annual fruit production by the average number of seeds per fruit and by the fraction of seeds that are still alive (as either established one-rosette plants or as seeds in the seed bank) at the end of the following year.  Moss campion fruits are persistent, so that annual fruit production can be quantified at the late-season annual census.  Average seed number per fruit is estimated from a sample of fruits collected separately from females and hermaphrodites in each population each year (fruits do not dehisce until late in the season).  We estimate seed survival using ten marked 0.5x0.25m quadrats per population per year. Into each quadrat we scatter 200 newly-matured seeds collected from individuals of known gender in the field population (this procedure mimics natural moss campion seed dispersal).  By counting the number of seedlings emerging and surviving in these plots over subsequent years, and by subtracting the number of seedlings observed in adjacent plots to which no seeds were added (to control for background germination), we arrive at estimates of both the probability of transition from seed to established plant and the duration of seed dormancy.  

B. Measuring vital rates for bistorts: Our methods for collection of demographic data on bistorts will largely follow those of  moss campion. In particular, we will use identical transect and mapping methods to identify and follow the same number of individuals per population as for moss campion. To mark individual plants, we will use metal tags on stiff electric fence wire that is driven into the ground. Plants size will be quantified by measuring lengths and widths of all leaves to estimate total leaf area (Wookey et al. 1994). We will count the number of seeds and bulbils to quantify sexual and vegetative reproduction. Many bulbils dehisce early in the growing season, but the scars left on the inflorescence are distinctive and can be counted to determine the total produced (pers. obs.; Law et al. 1983). 


To estimate seed survival and germination, we will use seed addition plots, as for moss campion. If bistort seeds prove extremely difficult to find at some sites, we will reduce quadrat number and size, and will mark the location of each scattered seed with a toothpick to better follow individual seed fate. Unlike seeds, which disperse at season’s end, bulbils are shed over an extended period during the growing season and can immediately begin to grow. Therefore, we will establish ten 0.25x0.25 meter areas at each population in which we will estimate bulbil production by adults each year and also search for and count surviving bulbils (even bulbils that disperse early are still identifiable throughout their first growing season; pers. obs.). By following the fates of bulbils in these plots over several years, their survival and growth rates will be estimated, as for seedlings. 

C. Additional data available at LTER sites.

Climatic Information. A major advantage of working at LTER sites is the ability to use microclimate and yearly weather information recording near or exactly at our study sites. In particular, we will use information on air and soil temperatures, soil moisture, and annual snowmelt, rainfall and insolation as possible explanatory variables in our analysis of spatial and temporal variation in demography. At our Wrangell populations, we also collect temperature and soil moisture data, so that at least three of our four study sites will have detailed information on possible environmental determinates of demographic performance. 

Past data on Moss Campion and Bistort demography at Niwot Ridge. As part of LTER research at Niwot Ridge, CO, the late Oren Pollack (then a graduate student of Dr. P. Webber) initiated the collection of detailed information on the size and reproductive status of plants in 1 dm2 quadrats within larger, permanent plots. 100 of these quadrats were mapped, 10 in each of two 1x10m plots in each of five vegetation types (May and Webber 1982). Data on the exact locations (mapped to approximately 0.5 cm) and the survival, growth and flowering of all plants within these plots were collected from 1982-1984. These data have never been analyzed or published, but are available for our use (Dr. Bill Bowman, pers. comm.; see attached letter from Dr. Seastedt).  As part of our demographic studies at the Niwot LTER site, we propose to recensus the moss campion and bistort individuals in these plots during each of the three years of our study. There are dozens of moss campion and hundreds of bistort individuals in these mapped quadrats; while we will be unable to relocate all these plants, one of us (Doak) worked as an undergraduate assistant to Pollack, setting up and censusing these quadrats in 1982 and 1983, and hence is very familiar with the mapping methods and sites. Data from the two decade time transition for plants in these plots will provide valuable estimates of growth and survival for our slow-growing, long-lived species. In addition, the transitions we observe over 20 years will serve as a check on the predictions about demographic patterns we will infer from our proposed three years of intensive data collection. 

II. Parameter estimation, model construction, and analysis 

To address the extrapolation and range problems, we will analyze both estimated vital rates and the outputs of stochastic matrix models constructed from those rates.  Before detailing  the specific analyses we will conduct, we briefly review the methods we will use to estimate vital  rates, construct matrix models, and arrive at model outputs. 

Estimation of Vital Rates. For both focal species, we will use field data to estimate size-specific growth (and shrinkage) probabilities, survival probabilities, and fecundities.  For moss campion, these estimates will also be sex-specific; for bistorts, separate estimates of seed and bulbil production will be made.  We will estimate these vital rates separately for each population and year. The estimation approach we will use is somewhat different, but much more efficient, than that employed in most demographic studies, in which datasets are first broken up into size categories whose vital rates are separately estimated.  Instead, we will use non-linear regressions (continuous or logistic, as appropriate) of reproduction, survival, and final size on initial size to estimate size-specific fecundity functions and survival or growth probability functions, respectively. These functions avoid estimation problems created by small numbers of individuals in some size classes.  The methods are explained by Esterling et al. (2000).  While we will follow their initial estimation methods, we will then use the results to construct size-category-based matrix models (rather than the novel model formulation they advocate), because our analyses will rely on the large array of analytical methods available for standard models (e.g., Cochran and Ellner 1992, Caswell 1989, Tuljapurkar 1990). 

Following estimation of annual vital rates, we will estimate the means and temporal variances in these rates from our sample of two transitions per population (correcting for sampling variance: c.f. Kendall 1998, Saether et al. 1998). With only the two transitions of data obtained during this first funding period, we will not be able to estimate meaningful covariances between vital rates, but we plan to do so for our current moss campion populations and for the other sites once 3 or more transitions of data are collected.  The variances and covariances of vital rates play an important role in the analysis of stochastic matrix models (Tuljapurkar 1990).  While our estimates of vital rate variance/covariance matrices will rest on only a few years of data, simulations of sampling from stochastic population processes indicate that even with only two transitions of data, predictions of population behavior are substantially improved by inclusion of the estimated variability, rather than ignoring it (Doak, manuscript).

 Construction and Analysis of Stochastic Matrix Models. We will also use estimates of the mean vital rates for each population to construct mean transition matrices, with each matrix element a function of one or more underlying vital rates, using standard methods (see Caswell 1989). To predict stochstic population dynamics, we will use the mean population matrix and estimates of the variance/covariance matrix for vital rates. We will predict stochastic population growth rate in two ways. First, we will conduct stochastic simulations of each matrix, drawing growth and survival rates from Beta distributions and fecundities from either lognormal or rescaled Beta distributions (Doak et al. 1992, Gross et al. 1999, Doak et al. in press). We will calculate the stochastic growth rate  = ln(Nt/N0)/t, where Nt is the total population size at time t, and t is the duration of the simulation. Simulations will be started at the mean matrix stable stage distribution and will be long enough to yield stable estimates of .  This method is valid for any degree of variability in the vital rates.  Second, we will use Tuljapurkar’s (1990) approximations and their extensions for several stochastic matrix model results. First, Tuljapurkar’s approximation for  is:
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Here,  is the annual growth rate of the mean matrix, and the summation, over all possible combinations of the matrix elements ai,j and aj,l over all possible pairs of matrix elements, includes the sensitivities of  to each matrix element (aij and akl) and the covariances between matrix elements (or the variance of a single element when ij= kl). Eq. (1) assumes that temporal variability is small, although it usually gives an extremely good approximation for even for moderate levels of variability (Lande and Orzack 1988, Benton and Grant 1996). For our purposes, important extensions of this approximation include equations for stochastic elasticities and extinction probabilities. Elasticities are measures of the proportional change inpopulation growthwith a small proportional change in a vital rate. Deterministic elasticities are commonly used to gauge the importance of different vital rates in influencing population growth (Refs). The elasticity of stochastic growth to the mean value of a matrix element aij is (Caswell 1996) :
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Where  is the temporal variance around . A similar approximation can be derived for the elasticities to the standard deviation of a matrix element ij (Doak, manuscript):
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While both these approximations yield elasticities to matrix elements, they are easily extended to calculate elasticities to the means and variances of the underlying vital rates. To our knowledge, although stochastic elasticity values are the correct way to incorporate information on temporal variability into a sensitivity analysis of a stochastic demographic process (Benton and Grant 1996), they have not been used in any empirical demographic analyses done to date. We will calculate stochastic elasticities for each demographic rate for each population of our two species. In addition, we will produce composite elasticities summed across size classes according to the breakdown used by Silvertown et al. (1993). 


Finally, we will also calculate extinction probabilites based upon the mean and variance in growth rate for each population. Extinction estimates for stochastic matrix models are based on diffusion approximations and also use Tuljapurkar’s approximations (see Lande and Orzack 1988, equ. 11). Our primary measure of extinction risk will be probability of extinction within 50 years, given a standardized starting population size (Lande and Orzack 1988, Dennis et al. 1991, Morris et al. 1999).

III. Using the models to address the extrapolation and range questions

The extrapolation problem: What are the causes of demographic variation? Our goal is not simply to document large-scale geographical variation in demographic processes, but to better understand the causes of that variation.  In particular, we will examine how well habitat, site, and environmental variables can predict the spatial demographic variation we observe.  To test whether demography differs consistently between the two habitat types across the range, we will perform two-way ANOVAs on the means and variances of all vital rates for the 16-20 population of each species, with site and habitat as main effects and a site x habitat interaction.  We will use a Bonferroni correction to account for the large number of tests involved.  We will interpret a significant interaction term as evidence that the impact of habitat on a particular vital rate differs among sites.  We will also use ANOVA to decompose the total variance in each vital rate across all study populations into components due to site, habitat, the site x habitat interaction, and residual error.  By examining the magnitude of the variance component associated with habitat relative to the total variance, we can determine how much of the range-wide demographic variation is explained by local-scale habitat differences alone.  To further explore any significant effects of site on particular vital rates, we will perform regressions of those vital rates against the latitude of each site, to test for trends in vital rates along the north-south gradient.  If there is a significant habitat effect, these regressions will be performed separately for dry and moist habitats.  

A longer-term goal is to use climate data to identify environmental correlates of particular vital rates.  The two estimates of each vital rate obtained in the initial funding period will not be sufficient to perform such correlation studies.  However, extending the duration of the study with additional funding will give us increasing power to detect key environmental drivers of demographic performance.  Once these drivers have been identified, we can use past LTER monitoring data to simulate longer-term temporal demographic variation for the LTER study populations, to see how well our shorter-term estimates of stochastic population growth rates match these longer-term estimates.  In addition, correlating vital rates with environmental conditions will allow us to predict how population dynamics of our study species will change with future climate alterations. 

The extrapolation problem: Do vital rates or elasticities vary co-vary across sites and habitats? To ask if there are clear and predictable patterns in life history variation across populations, we will conduct three analyses. First, we will examine the spatial correlation structure in the mean and variance in vital rates, using the correlation coefficients for all pairs of rates across the 16 populations for each species. For this analysis, we will reverse the sign of all vital rates that have negative elasticities (that is, rates such as shrinkage, for which smaller values yield higher population growth), so that positive correlations indicate that changes in vital rates across populations result in similar effects on population growth. In addition to determining the Bonferroni corrected significance values of these rates, we will ask if the mean of the distribution of correlations is significantly different than zero, with overall positive values indicating that all vital rates tend to respond similarly to environmental variation, and negative values providing evidence of tradeoffs between traits. Second, we will examine the structure of correlations between the stochastic elasticities of vital rates, and both their spatial and temporal variances, in order to provide within-species test of Pfister’s (1998) results suggesting that more important rates should be less variable. Third, we will borrow a method from community ecology to ask if differences between sites in either mean rates or elasticity values are predictable. We will first use PCA to analyze the variance structure in each species vital rates. We will then use ordination methods on the first two PCA axes to determine the ability of site, habitat and various abiotic variables to explain the variance structure of vital rates. We will perform an identical analysis on elasticity values, again asking what determines observed variation in the importance of different vital rates for population growth. 

The extrapolation problem: Is the ranking of vital rate elasticities constant across sites and habitats? While our prior data lead us to expect that some vital rates will vary markedly across sites or habitats, these differences may or may not translate into changes in either the importance of different vital rates or into strong differences in population growth, depending on the magnitude and the correlations in the differences. Constancy in the ranking of elasticity values is one measure of a relatively constant life history pattern, in which the sensitivity of population growth to different vital rates remains relatively unchanged. We will compare stochastic elasticities (equ. 2, 3) across both habitats and sites for each of our focal species, asking if the five most important rates retain the same or similar rankings across populations. We will also compare variation in rankings of composite elasticities to that seen between different species of similar life history (c.f. Oostermeijer et al. 1996, Silvertown et al.1993). 

The extrapolation problem: What demographic differences control variation in population growth?  While the above analyses seek to quantify patterns in vital rate variation, it is a combination of elasticities and spatial variation in vital rates that together determine the effects of changes in each rate on population growth. We will use two methods to determine the relative importance of variation in each vital rate in generating differences in stochastic population growth between populations. First, using formulae for stochastic population growth and stochastic sensitivities, it is straightforward to modify Caswell’s Life Table Response Experiment methods (Caswell 1989, Horvitz et al. 1997, Ehrlen and van Groanendael 1998) to determine the relative contribution of each mean vital rate, and each temporal variance and covariance value, to the overall variation in stochastic growth rates between populations. Second, we will perform essentially the same analysis, but using a stochastic modification of simulation methods designed to avoid some of the assumptions implicit in elasticity calculations (Mills et al. 1999, Wisdom et al. 2000). With both methods, we will ask three questions: 1) Is more variation in population growth generated by spatial differences in mean rates, or in the variability in rates? 2) Comparing results with and without observed covariance between vital rates, are life history tradeoffs important in reducing population growth differences, or, in contrast, are positive correlations important are in increasing differences? 3) Using the partitioning of variance in vital rates described above, is more variation in stochastic growth rates due to habitat differences, or to geographic site differences? In addition to these general questions, we will also use these methods to address two issues of particular interest to our foal species. First, does variation in seed and bulbil production (and the correlation between these rates) contribution substantially to differences in population growth for bistorts? Second, is there evidence of a clear growth-survival tradeoff for moss campion, and does such a tradeoff have important consequences for population growth? 

B. The Range Problem: Comparative demography of central and peripheral populations:


If range limits occur because within-population rates of birth or growth decline, death rates increase, or the temporal variances of any of these vital rates increase as the distance from the center of the range increases, then we would expect that ON AVERAGE marginal populations should have a lower stochastic population growth rate than central populations.  We will compare the average stochastic population growth rates of central and marginal populations using bootstrapping methods similar to those employed by Brault and Caswell (1993). Starting with one of the marginal populations, we will draw data on the fates of individual plants, with replacement, until we have a sample with the same number of individuals in each size class as in the original data set.  Similarly, we will randomly draw plots with replacement from our seedling (or bulbil) plots.  For that random set of individuals and plots, we will then estimate the vital rates for the first and second annual transitions, construct the two annual projection matrices, and then calculate that population’s stochastic lambda.  Parameter estimation, matrix construction, and calculation of stochastic lambda will use the methods described above.  We will follow the same procedure for the other marginal populations and average the results to obtain one estimate of the average stochastic lambda for marginal populations.  Next, we will apply the same method to the data from the 8 (bistort) or 12 (moss campion) central populations (i.e. those from the Wrangell Mountain and Canadian Rockies sites) to generate an estimate of the average stochastic lambda for central populations, from which we will subtract the estimate just obtained for the marginal populations.  We will repeat this entire process 10,000 times to approximate the probability distribution for the difference in average stochastic growth rates for central vs. marginal populations.  If less than 5% of this distribution falls below zero, we will conclude that, on average, the stochastic growth rate of central populations exceeds that of marginal populations, as the within-population range-limitation mechanism would predict. If we find significant demographic differences among habitats, we will compare growth rates separately for dry and moist habitats. We will separately compare northern marginal vs central populations and southern marginal vs central populations, since the mechanisms responsible for the two range boundaries are likely to differ Our detailed demographic data will allow us not only to ask whether the average population growth rate declines as a range border is reached, but also to pinpoint which vital rate, or combination of rates, is responsible for the decline, using an LTRE approach as discussed in the previous section.  


Strictly speaking, the condition for a geographical location to be a potential part of a species’ range is that a population at that location must have a stochastic growth rate greater than 1 at low density. It is logistically impossible for us to test experimentally for density dependence at each of our widely-spaced sites.  Instead, we will account for possible density dependence in two ways.  First, because we will be mapping the locations of all individuals in our field transects, we will be able to calculate neighborhood densities for a subset of our study plants.  By regressing each vital rate on neighborhood density using data for these individuals, we will be able to estimate density effects on each vital rate.  If we do see evidence of density dependence, we will calculate population growth rates using low-density estimate for all rates.  Second, we are currently testing experimentally for density dependence in moss campion by removing neighbors around focal individuals located near the census transects at our Wrangell Mountains site.  If funded, we will expand these experiments to include bistort.  Although we cannot perform similar experiments at the new sites (some of which prohibit such destructive methods), we can at least use experimental data from the Wrangell Mountains to estimate how vital rates might scale with density at other populations, and thus arrive at a second corrected estimate of the low-density population growth rate.


Range limits may also occur where the extinction rate of local populations exceeds the rate of colonization.  Local extinctions may be driven by infrequent, catastrophic events, which are unlikely to be encountered in a demographic study of limited duration, or by more ‘normal’ environmental stochasticity. To evaluate whether marginal populations are more likely to be driven extinct by this more “run of the mill” type of environmental stochasticity, we will compare extinction probabilities of central and marginal populations. To rigorously test ask whether the probability of extinction is greater for marginal populations, we will employ a bootstrapping approach similar to the one described above for population growth rate comparisons. 

SIGNIFICANCE OF PROPOSED RESEARCH

Why alpine plants?  Plugs into our long-term studies, good indicators of climate change

Mention ITEX.

Climate change

Fit with LTER’s goals

Full stochastic approach to life history and range limitation questions is unique

Reiterate geographic sampling across full N-S range of 2 species is nearly unprecedented – allows us to examine possible population mechanisms setting BOTH range boundaries

8 May, 2000

Dr. Daniel Doak

Department of Biology

University of California, Santa Cruz

Santa Cruz, CA 90564

Dear Dr. Doak:

I'm very pleased that you and Dr. Morris are interested in addressing some important population ecology questions using our LTER site and data archives from Niwot Ridge.  I've heard from Dr. Bill Bowman that you will be able to use the unpublished data of Oren Pollak that you helped collect in the early 1980s.  This would be truly long-term research, and we'll be glad to help out in this effort however we can. At a minimum, we can have our group install permanent markers on your sites using GPS, and we would be glad to assist you in any data entry and data archiving issues you might have.  The Mountain Research Station (MRS) has a T1 ethernet connection provided by the LTER program that will be available for your use. Also, if we can assist in converting the late Dr. Pollak's field materials into an electronic archive, we feel this is a very appropriate LTER activity. The LTER also has a shuttle that runs from MRS to just below the field site that should be available for your use as well.

Our group is interested in the ecology of both of the plant species you are planning to intensively study, but we are particularly interested in your work with the alpine bistort, Polygonum viviparum. Dr. Pamela Diggle and her students have conducted extensive morphological studies on this species, and Pam also has some very interesting genetic information on this bistort. It is very possible that your respective studies will facilitate research in additional areas. Further, I think your questions are essential to developing a general model the role of species in ecosystem structure and function.  The underlying assumption that we can treat a species as a fixed unit needs serious evaluation.

We look forward to your presence at Niwot Ridge.  Please do contact me with any additional data or research needs you might have.

Sincerely,

[letter sent by email, so no written signature]

Tim Seastedt,

Principal Investigator, Niwot Ridge LTER project
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22 May, 2000
Dr. Daniel Doak

Associate Professor

Department of Biology

University of California, Santa Cruz

Dear Daniel,

John Hobbie and I have talked over your note, and we welcome your plans for research at Toolik Lake.  If your proposal is successful we would be happy to help you locate sites for your research and discuss ways to take advantage of past and current LTER research at the site.  You may also want to contact Drs. Marilyn and Skip Walker of the University of Alaska--they are the real experts on plant species distributions and reproductive ecology at Toolik Lake and the North Slope in general (email: mwalker@lter.uaf.edu).

The Arctic LTER project does not control access to the Toolik Lake area, and approval from us is not necessary.  You do need a research permit from BLM, however, and you must arrange to stay at the Toolik Field Station which is operated by the University of Alaska.  Information about site use is available at the Toolik Field Station web site, http://mercury.bio.uaf.edu/~toolik.organizations/.  You can also find out more about the Toolik Lake region by looking at the Arctic LTER web site, http://www.mbl.edu/html/ECOSYSTEMS/lterhtml/arc.html.  If you want to work on the SAME PLOTS as we are, or if you want to take samples from our experiments, of course you should talk with us and we will try to work out a way for you to do this.  Polygonum species (P. bistorta and P. viviparum) are particularly common and widely distributed in the Toolik region and commonly occur on our plots.  Silene acaulis is also common but generally restricted to slope and snow bed areas at Toolik, and is widely distributed in the nearby Brooks Range.

Station use fees will drop to about $40/person/day this summer, which must be paid through grants or other sources.  NSF grantees, however, may apply for "Arctic Affiliates" status by submitting a special form with their proposal. You can download the form at http://www.nsf.gov/pubs/1998/nsf9872/appen2.pdf.  Stick it on the back of your proposal and it will go to NSF-OPP, who will pay your logistics costs from a separate fund (do not include these costs in your regular budget request, but explain what you are doing in the Budget explanation).

Good luck with your proposal. Please feel free to write if you have more questions.

Sincerely,





[letter sent by email, so no written signature]





Gaius R. Shaver, Senior Scientist
From: "peter achuff" <plachuff@hotmail.com>

To: wfmorris@acpub.duke.edu

Cc: derek_petersen@pch.gc.ca

Subject: Research at Yoho

Date: Sat, 13 May 2000 17:50:27 MDT

Hello

Derek Petersen has referred your message to me since I am a botanist and 

have done plant and vegetation community studies in Yoho and the other 

Canadian Rocky Mountain national parks.

Silene acaulis and Polygonum viviparum both occur commonly in Yoho as well 

as Banff, Jasper and Kootenay national parks. Silene acaulis occurs mostly 

in the Alpine Ecoregion (above treeline) in Dryas octopetala, Cassiope 

tetragona, and saxicolous lichen communities. Polygonum viviparum typically 

occurs in Upper Subalpine (open forest & treeline) and Alpine areas in a 

variety of moist meadow, dwarf shrub and shrub vegetation types. I'm not 

sure what sort of poulation sizes of densities you need but cover for both 

species is usually 5% or less within a community. Not highly abundant but 

occurring fairly regularly.

Since both these species occur at high elevation, access may be of concern. 

Sites in Yoho are at most within a few hours hike of a road; some in Banff 

and Jasper are quite a bit closer. As well, there is a public gondola in 

Jasper that takes you to the Alpine; walking to a study site away from 

public use areas would not be difficult. There is also a gondola at Lake 

Louise but I'm not familiar with the vegetation at the top. Access in 

Kootenay is longer and more difficult.

If it's useful, I could send some locations where these species have been 

noted in whichever park you are interested.

I don't anticipate there would be any problem in obtaining a research permit 

to conduct the study you describe. I presume Derek has sent you an 

application package.

I'm currently on a sabbatical leave until mid-October and not in my park 

office regularly, so it's best to use this hotmail address for me. Your 

study sounds very interesting and I hope we can work out something for it. 

Let me know if you have any questions.

Peter L. Achuff

Conservation Biologist

Jasper National Park

Box 10

Jasper, Alberta T0E 1E0

tel (780) 852-6197

and

Research Associate

Devonian Botanic Garden

University of Alberta

Edmonton, Alberta T6G 2E1

tel (780) 987-3054

From: Kevin_Van_Tighem@pch.gc.ca

X-Lotus-FromDomain: PCH

To: "William F. Morris" <wfmorris@acpub.duke.edu>

Date: Fri, 5 May 2000 09:02:57 -0600

Subject: Re: Research at Waterton N.P.

Hi,

Yes we do have populations of Silene acaulis and Polygonum viviparum that would be accessible enough for the kind of study you're doing.  It would be good to see Waterton included in your work.  I've appended our guidelines for issuance of research/collecting permits -- no need to treat it as a form to be filled out, if you have existing documentation that covers the questions in the list, just send me that.  It takes about a week for me to get a research application turned around and we like researchers to come into the warden office and pick up their permits when they arrive at the park, mostly so we can match a face to a project and alert you to any special considerations that might be current (eg: bear warnings, etc.)

I look forward to seeing you here in Waterton.

Kevin Van Tighem

Conservation Biologist

Waterton Lakes National Park
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Budget Justification – Duke University
personnel:

One month of summer salary is requested for the PI.  Salary is also requested for two undergraduates, each working 15 hours per week for 30 weeks at $9.00 per hour during the school year.  These students will be entering demographic data collected from the field as well as digitizing and measuring plant images.  With an estimated 4000 plant images to analyze each year, this is a monumental task, and will require the efforts of two undergraduates at both universities working throughout the Fall and Spring semesters so that the job can be completed before the new year’s images are collected.  Funds are also requested for 1 undergraduate for 6 weeks during the summer, to assist with data collection in the field.  An undergraduate from one university will travel to Alaska to assist at the Wrangell Mt. and Toolik Lake sites; an undergraduate from the other university will travel to the Canadian Rockies and Niwot Ridge sites to assist there.  Funds are also requested for a graduate student research assistant for one semester each year.  The RA will be in charge of overseeing the digitization and data entry efforts of the undergraduates, and with helping to analyze the data, estimate demographic rates, and produce and analyze population models. We expect that the graduate research assistants will become co-authors on some of the papers produced as a result of the research, and will work with the undergraduates to develop side projects that they can use as honors theses or independent study projects.

Fringe benefits are 21.5% of PI salary and 7.7% of summer undergraduate salary.  All salaries include a 3% increase per year.

Travel

Travel for the PI includes one round trip ticket per year from Durham, N.C., to Anchorage, Alaska ($800.00), and a second round trip ticket from Anchorage to Denver to Calgary and back to Anchorage ($800.00).  Undergraduate travel includes one round trip to the field each year, either from Durham to Anchorage, or from Durham to Denver to Calgary and back to Durham (approximately $800.00 in either case).  Funds are also requested for one-half of the mileage costs for a round trip between the Wrangell Mt. and the Toolik Lake sites each year (1/2 x 1000 miles x $.35 per mile), and for the rental of a vehicle for 7-10 days each year in either Calgary or Denver to travel to the field sites ($200.00 per year).  

Participant Support Costs

One-half of the support costs (food, station fees or camping fees) for the field trips to the Canadian Rockies and Niwot Ridge sites for 3 persons per year (for a longer stay in Year 1 to establish the study plots) are included in each university’s budget.  No funds are requested for participant support for work at the Toolik Lake LTER, as a request for support from the Office of Polar Programs is appended to the proposal.  

other direct costs:
Funds are requested for field supplies (plant tags, video tapes, meter tapes, etc.) and laboratory supplies needed for image processing and data analysis (diskettes, blank CDs for storing plant image files, printer paper and cartridges).  

Each university requests $1000.00 per year to defray publication costs.

An amount of $1000.00 is requested in Year 1 to purchase a video camera and related equipment (extra batteries, an extra charger, etc.) needed to obtain images of plants in the field.  These funds are requested by BOTH universities.  Although we currently have one video camera (purchased with UCSC funds), that camera will be 3 years old at the start of the proposed work, and field use is hard on video equipment.  The equipment funds will allow us to replace the old camera and to purchase a second one.  This will allow us to have two people photographing simultaneously, which will greatly speed the annual censuses at each site (which must be performed during dry weather during the window of time allotted to each site), and will provide backup should one of the cameras be damaged or malfunction in the field.  

Indirect Costs:
Indirect costs are charged at a rate of 54% of modified total direct costs.

FACILITIES AND EQUIPMENT




� LINK Excel.Sheet.8 C:\\Dan\\manus\\Silene\\NewSilenegrant\\lterfigs.xls "Histograms![lterfigs.xls]Histograms Chart 3" \a \p ���





� LINK Excel.Sheet.8 C:\\Dan\\manus\\Silene\\NewSilenegrant\\lterfigs.xls "Histograms![lterfigs.xls]Histograms Chart 1" \a \p ���





� LINK Excel.Sheet.8 C:\\Dan\\manus\\Silene\\NewSilenegrant\\lterfigs.xls "Histograms![lterfigs.xls]Histograms Chart 5" \a \p ���





� EMBED Excel.Sheet.8  ���








1
19

[image: image6.wmf]0

10

20

30

40

50

60

1

2

3

4

5

More

Number of populations studied

Number of species

A

A

[image: image7.wmf]0

5

10

<1

<5

<10

<25

<50

<75

<100

% of maximum range diameter

Number of species

C

[image: image8.wmf]0

5

10

15

20

25

30

35

95

96

97

98

99

YEAR

FRUITS PER PLANT

RG

CC

GU

PA

RI

[image: image9.wmf]0

5

10

15

20

25

30

35

95

96

97

98

99

YEAR

FRUITS PER PLANT

RG

CC

GU

PA

RI

[image: image10.wmf]0

4

8

12

16

20

24

1

3

5

7

9

More

Number of transitions

Number of species

B

[image: image11.wmf]0

10

20

30

40

50

60

1

2

3

4

5

More

Number of populations studied

Number of species

A

A

_1020545553.unknown

_1020545823.unknown

_1020507097.unknown

_1020545147.unknown

_1020507095.unknown

_1020507096.unknown

_1019242730.xls
FRUITS

		95		95		95		95		95

		96		96		96		96		96

		97		97		97		97		97

		98		98		98		98		98

		99		99		99		99		99



RG

CC

GU

PA

RI

YEAR

FRUITS PER PLANT

12.01

3.04

3.14

0.91

4.99

2.28

9.09

6.08

1.16

7.39

12.66

10.89

6.95

3.59

30.51

11.96

14.53

15.4

6.06

7.56

24.26

7.95

3.84

2.64

20.37



DATA

		YEAR		RG				CC				GU				PA				RI

		95		12.01		1.97		3.04		0.86		3.14		0.88		0.91		0.16		4.99		1.23

		96		2.28		0.4		9.09		1.8		6.08		1.25		1.16		0.24		7.39		1.37

		97		12.66		1.72		10.89		2.34		6.95		1.74		3.59		0.77		30.51		6.36

		98		11.96		1.54		14.53		2.8		15.4		2.89		6.06		1.24		7.56		1.25

		99		24.26		4.85		7.95		1.72		3.84		1.15		2.64		0.62		20.37		4.63
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Sheet3

		Species		No. of sites#		No. of transitions		% of range if >1 site		Reference

		Swallenia alexandrae		1		1				Pavlik and Barbour 1988				1

		Digitalis purpurea		1		3		<5		van Baalen and Prins 1983				2

		Daucus carota		3		1				Verkaar and Schenkeveld 1984				3

		Scabiosa columbaria		3		1				Verkaar and Schenkeveld 1984				4

		Linum catharticum		3		1				Verkaar and Schenkeveld 1984				5

		Senecio jacobeae		1		1				Forbes 1977				6

		Isatis tinctoria		1		1				Farah et al. 1988				7

		Ranunculus acris		1		3				Sarukhan and Harper 1973, Sarukhan 1974				8

		Ranunculus bulbosus		1		3				Sarukhan and Harper 1973, Sarukhan 1974				9

		Ranunculus repens		1		3				Sarukhan and Harper 1973, Sarukhan 1974				10

		Andropogon semiberbis		1		1				Silva et al. 1991

		Arisaema serratum		1		5				Kinoshita 1987

		Hypochaeris radicata		1		1				de Kroon et al. 1987

		Narcissus pseudonarcissus		1		9				Barkham 1980

		Calochortus obisboensis		3		2		<20		Fiedler 1987

		Calochortus albus		1		2				Fiedler 1987

		Calochortus tiburonensis		1		2				Fiedler 1987

		Calochortus pulchellus		1		2				Fiedler 1987

		Neodypsis decaryi		1		3				Ratsirarson et al. 1996

		Armeria maritima		1		3				Lefebvre and Chandler-Mortimer 1984

		Cleome droserifolia		1		1				Hegazy 1990

		Chamaelirium luteum		3		4		<5		Meagher 1982

		Limonium delicatulum		1		1				Hegazy 1992

		Pedicularis furbushiae		15		3		~80		Menges 1990

		Coryphantha robbinsorum		1		4				Schmalzel et al. 1995

		Arisaema triphyllum		2		2		<1		Bierzychudek 1982

		Potentilla anserina		1		3				Eriksson 1988

		Clintonia borealis		3		2		<1		Pitelka et al. 1985

		Alnus incana		2		3		<1		Huenneke and Marks 1987

		Fumana procumbens		1		6				Bengtsson 1993

		Panax quinquefolium		4		2		<5		Charron and Gagnon 1991

		Calathea ovandensis		1		4				Horvitz and Schemske 1995

		Pentaclethra macroloba		1		1				Hartshorn 1975

		Viola fimbriatula		1		4				Solbrig et al. 1988

		Dipsacus sylvestris		1		4				Werner and Caswell 1977

		Allium tricoccum		1		4

		Anthyllis vulneraria		2		3		<5		Sterk et al. 1982

		Cynoglossum officinale		1		3				Boorman and Fuller 1984

		Echium vulgare		1		3				Klemow and Raynal 1985

		Fritillaria meleagris		1		2				Zhang 1983

		Plantago coronopus		2		2		<1		Waite 1984

		Sequoia sempivirens		1		1				Bosch 1971

		Araucaria cunninghamii		1		5				Enright and Watson 1991

		Araucaria hunsteinii		1		1				Enright 1982

		Astrocaryum mexicanum		1		6				Pinero et al. 1984

		Avicennia marina		1		1				Burns and Ogden 1985

		Banksia ericifolia		1		2				Bradstock and O’Connell 1989

		Betula nana		1		1				Ebert and Ebert 1989

		Cassia nemophila		1		50				Silander 1983

		Nothofagus fusca		1		1				Enright and Ogden 1979

		Petrophile pulchella		1		2				Bradstock and O’Connell 1989

		Pinus palustris		1		3				Platt et al. 1988

		Podococcus barteri		1		1				Bullock 1980

		Psidium guajava		1		5				Sommariba 1988

		Rhopalostylis sapida		1		5				Enright and Watson 1992

		Silene acaulis		5		1				Morris and Doak 1998

		Hudsonia montana		1		3				Gross et al. 1999

		Danthonia sericea		1		2				Moloney 1988





		






