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A distinct challenge facing ecologists is to understand individual and interactive effects of climate, edaphic characteristics, and biotic relationships on ecosystem functioning and change. This is of particular importance following recent reports of widespread, drought-induced forest mortality (Allen et al. 2010), a trend of particular notice considering the disproportionate influence of mortality on community change in forest ecosystems, as even marginally increased mortality rates can have dramatic impacts over large areas (Das et al. 2016). 

My research focuses on how increasing regional-scale drought is affecting forests through tree mortality, and how local edaphic and biotic characteristics may ameliorate or worsen these effects.

In the absence of catastrophic fire or timber harvest, forests are influenced by biotic, edaphic, and climatic factors in some of the following ways: 

One of my goals is to determine how these processes interact.

These three factors likely interact all together as well, but few studies have been able to capture such complexity. 

While it is accepted that many of these interactions arise between forest types, such as different water availability between energy-limited high-altitude forests and water-limited desert woodlands, we are interested in the possibility that annual and seasonal climate variability may determine the extent to which systems are primarily energy or water limited within a system, perhaps tipping the scales of neighborhood-scale competition and facilitation differently in nutrient-rich microsites than in nutrient-poor or dry locations within the site.
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27-ha permanent research site in southern WA 
Old-growth Douglas-fir forest is in T.T. Munger research natural area, so no timber harvest or hunting
No fire in >500 years
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Tag, map, measure almost 37,000 trees, 25 species
Annual mortality/recruitment assessments
almost 37,000 individual tagged stems
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Focusing on tree mortality
Is mortality consistent across topographies, tree neighborhoods, and from year to year? Will these patterns change with changing climate?

Our overarching hypothesis is that climate mediates density-dependent processes by modifying soil resource availability. In other words, we expect that climatic variations impact the extent to which trees primarily compete or facilitate from year to year, but that these relationships will depend on local soil and topographic characteristics as well.
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Used stem map to calculate competition index Hegyi:
- distance and size-weighted density, fixed radius of 10 m from the focal tree.
separately calculated for conspecific and heterospecific neighbors to determine then standardized by species and diameter class. 
When I say dense and sparse from now on, keep in mind that means size- and distance-weighted density, which is a better representation of potential competitive interactions than stem frequency alone.
. 
Collected 240 soil samples of 3 soil nutrients, 2 possible toxic metals and used the Kriging method for spatial extrapolation at a 10-m2 resolution. Elevation was derived from a 1-m2 lidar surface model

We used the climatic water deficit and snowpack calculated by the USGS following a Thornthwaite-type water balance model using temperature and precipitation data obtained from PRISM climate group at a 800-m resolution. 

Climatic water deficit (D) is evaporative demand not met by available water—It reflects biologically-relevant water shortages that typically occur during the growing season of may through September – you can think of it as summertime drought.

Snowpack is more self-explanatory, it is the amount of snow accumulated per month, typically in the winter from November through February, based on precipitation that falls as snow during subfreezing temperatures and snow melt rates when temperatures are above-freezing.
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Cox Regression
time-invariant predictors
time-variant predictors
Hazard = instantaneous probability of event at time (t)

1. Interactions
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Survival analysis - Time-to-event model. Like logistic regression but with time to allow assessment of time invariant and time-variant variables

Rather than probability, this is hazard

Compare primary effects only model with interactions model, where interactions were chosen from stepwise selection procedure from base model including all main effects and then all possible interactions between deficit, snowpack, elevation, and the Hegyi’s, as these were specifically hypothesized by the study. 



2. Projections
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I averaged 6 IPCC climate projections for climatic water deficit and snowpack, which were modeled using PRISM temperature and precipitation at a 800-m resolution. I then used hazard ratios generated by the cox models to project possible average mortality hazard 50 yrs from now with changing snowpack and deficit.




Results
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Today, I’ll present results from Taxus brevifolia because this species population is decreasing at the most rapid rate



1. Interactions
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+ mean increased mortality hazard, - mean decreased hazard, * indicates this variable involved in at least one interaction in the interaction model

Primary effects model: deficit reduced hazard – counterintuitive
After accounting for interactions, deficit increased mortality hazard. 
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So what did those interactions look like?
Higher elevations are drier microsites, lower elevations are wetter, often with seasonal streams and swamps.

High deficits only reduced tree mortality hazard during years that had large snowpacks in neighborhoods with sparser heterospecific neighborhoods, regardless of elevation.

During low snowpack years, deficit consistently increased mortality hazard, with nearly 50% increased hazard at higher elevation dry sites in neighborhoods with dense heterospecific neighborhoods during low snowpack years. 

The primary effects model result that deficit decreased mortality hazard was clearly misleading, as that is only true under very specific edaphic and biotic conditions. The point is this: annual and seasonal climate variability impacts tree mortality, and they do this to different extents depending on topography and neighborhoods.

With a warming climate, we might expect average mortality hazard to begin resembling this lower condition, with less snowpack, where the safest place for Taxus is at higher elevation dry sites in sparsely heterospecific neighborhoods, the place that deficit had little to no impact on mortality.



2. Projections
D

ef
ic

it 
(m

m
 H

2O
)

Sn
ow

pa
ck

 (m
m

 H
2O

)

Year

+ 35.9 %

- 69.7 %

Study Period Projection Period

Presenter
Presentation Notes
Looking into the future, all six models agreed that deficit is increasing and snowpack decreasing, with a linear regression line shown here based on the mean model. 

Deficit is projected to be almost 40% higher, and snowpack 70% lower, during the projection period in 50 years from now compared to the study period
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With these projected climate changes, interactions with biotic and edaphic characteristics show that mortality hazard increases hugely for Taxus growing on dry sites in dense heterospecific neighborhoods,
But that Taxus growing on drier sites in sparse heterospecific neighborhoods may have reduced mortality hazard.
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It’s possible that this sparsely heterospecific, drier site may produce trees with tissues acclimated to lower water availability, meaning that increased deficits are less damaging than to trees being spoiled in moist sites, as well as reduced competition with heterospecifics for that small amount of water available.

This result generates the hypothesis for my next chapter, which will look at the characteristics of environments in which Taxus populations are stable or growing compared to those that are shrinking – from this study, I expect that stable Taxus populations may have generally sparser heterospecific neighborhoods or be slightly drier on average.

However, this model is based only on tree survival – tree recruitment important as well, especially in stands where Taxus is increasing.




Conclusions
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Hypothesis generating study: while we have some intuitions about how to interpret the model results, such as less competition for water in sparse heterospecific neighborhoods, experiments and mechanistic models informed by these models will be better able to pin down the underlying processes for each of these interactions

The big take home points from this study, so far, is that these interactions must be considered, as the effect of deficit, for example, can be entirely different based on edaphic and biotic conditions.

Likewise, we found that inter-annual climate variability matters for tree mortality.
Here, I presented average changes to mortality hazard 50 in the future, but stay tuned for future presentations where I hope to discuss how projected interannual variability in the future as well may relate to tree mortality hazard and, therefore, population extinction risk.
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Cox Regression
time-invariant predictors
time-variant predictors

Hazard = instantaneous probability of event at time (t)

Hazard ratio = predictor effect on hazard
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1. Interactions
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Survival analysis - Time-to-event model. Like logistic regression but with time
Time-variant on temporal scale of the study (6 years)

Mortality in general
Agent-specific mortality
Recruitment where hazard = prospect

Compare primary effects only model with interactions model, where interactions were chosen from stepwise selection procedure from base model including all main effects and then all possible interactions between deficit, snowpack, elevation, and the Hegyi’s, as these were specifically hypothesized by the study. 
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These are the population trajectories of the 5 most abundant conifers in the WFDP, based on a simple growth model using recruitment and mortality rates collected during the 6 years of this study. 

As you can see, Taxus brevifolia has the most steeply decreasing population, and for that reason, I’m going to primarily focus on Taxus today.

< 30 yrs -50% tabrs, ~90 yrs -90% tabr, ~290 yrs gone

Something important to note is that these trajectories represent a population-wide trend. In the context of interactions, I’m interested in whether this trend is consistent across topographies and tree neighborhoods? Will this change with changing climate?
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