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Research questions

1. How does annual climate affect 
post-fire recruitment? 

2. How has climate suitability for post-
fire recruitment changed over time?

Presenter
Presentation Notes
 1) & 2) Studies that examine actual annual climate by aging seedlings are rare




Study sites and field sampling

CO data: Rother & Veblen 2017
Davis et al. 2019 PNAS

Ponderosa
Douglas-fir

Both
Species

NR: 40 

CO: 10 

SW: 21 

CA: 19 

Background | Methods | Results | Conclusions
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Presentation Notes
Focused on dry low elevation PSME & PIPO – 4 REGIONS
Stratified by fire severity, deficit, distance to road – all within 100 m of seed source 
60 m variable width transects



Lab processing and tree aging

Sample size:
Ponderosa: 1662 juveniles
Douglas-fir: 1273 juveniles

Hankin et al. 2018 Forest Ecology and Management Background | Methods | Results | Conclusions



Age structures
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Age structures and modeling

Background | Methods | Results | Conclusions

Climate predictors Non-climatic predictors
Mean June-August VPD Time since fire
Soil moisture driest month Distance to seed source
Max surface temperature Fire severity
Spring soil moisture
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Ponderosa pine

Recruitment-climate relationships have thresholds

Davis et al. 2019 PNAS

Douglas-fir

Background | Methods | Results | Conclusions

Warm/dryCool/wet
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Presentation Notes
Summer VPD was very important – interesting it depended on z-scores and not raw VPD so maybe some local adaptation – but main point – we have crossed threshold already – may be why we are seeing declines in recruitment after recent fires. 
Also found similar threshold responses with soil moisture for both species




Ponderosa pine
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Ponderosa pine

Climatic thresholds crossed in recent decades
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Cool/wet

Davis et al. 2019 PNAS
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Summer VPD was very important – interesting it depended on z-scores and not raw VPD so maybe some local adaptation – but main point – we have crossed threshold already – may be why we are seeing declines in recruitment after recent fires. 



Douglas-fir
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Davis et al. 2019 PNAS

Climatic thresholds crossed in recent decades

120°F

Background | Methods | Results | Conclusions
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Less true for PSME with max skin temperature so far
Or should I just focus on ponderosa so have time to do microclimate stuff?



Ponderosa 
pine

Year

Douglas-fir

Recruitment probability declined in recent decades

Davis et al. 2019 PNAS Background | Methods | Results | Conclusions
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Say that this is when incorporating soil moisture as well which also had threshold responses. 
PSME not as clear declines except in NR (where max skin temp is getting warmer)
1) Depends more on spring soil moisture in CA (because always hot) and this is highly variable so still have some very wet springs (like last year)
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1986-1995 2006-2015# climatically 
suitable years 
for PIPO regen.
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Presentation Notes
PIPO is only 2% of Bob – it had 7-10 suitable years in most recent decade – but also at the colder end of the range so we are not sure if cold temperatures might limit regeneration in these cases. 
Historically in PIPO stands in Bob fire was 20-30 yrs but surrounding forests (mostly PICO & PSME but also ABLA & PIEN) had intervals of 50-300 at mixed to high severity



Difference in 
climatically 
suitable years for 
PIPO from 1986-
1995 to 2006-2015
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Ponderosa

Douglas-fir

Climate

Climate

Non-climatic factors are strongly influential

Background | Methods | Results | Conclusions

Presenter
Presentation Notes
Describe what each variable is – VWC etc
Distance to seed source is especially important for PIPO – which makes sense because it has bigger seeds not dispersed as far as PSME
Differences in fire severity between species
Climate slightly more important for PSME
TSF more important for PSME
Talk about shrub cover here 



Lolo Peak Fire, MT

Wildfire alters microclimate

Microclimate data: Kyra Wolf
Davis et al. 2019 Ecography Background | Methods | Results | Conclusions



Conclusions

• Some low-elevation forests have already crossed climate 
thresholds for recruitment.

• Management actions to reduce fire severity can increase 
post-fire regeneration by maintaining seed sources and a 
cooler microclimate.

• May need to accept transitions to non-forest vegetation 
types in hottest and driest areas.

• in composition.

Background | Methods | Results | Conclusions
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Recruitment-climate relationships are nonlinear

Warm/dryCool/wet

Davis et al. 2019 PNAS Background | Methods | Results | Conclusions

Dry Wet
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Summer VPD was very important – interesting it depended on z-scores and not raw VPD so maybe some local adaptation – but main point – we have crossed threshold already – may be why we are seeing declines in recruitment after recent fires. 
Also found similar threshold responses with soil moisture for both species




Evenness of recruitment over time

Background | Annual climate | Microclimate | Conclusions
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Presentation Notes
Transition – so we aged all these trees to develop age structures; explain; evenness
Pattern of recruitment – so episodic or continuous – 
varies by species and region
Varies depending on site variables 





Evenness of recruitment over time

Davis et al. In Revision PNAS Background | Annual climate | Microclimate | Conclusions
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Note that we also tested fire severity which was not strongly related to evenness (but we didn’t have any low severity or unburned)





Non-climatic factors are strongly influential
Ponderosa pine



Non-climatic factors are strongly influential
Douglas-fir
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Presentation Notes
Think about if lack of fire severity signal is because max skin temp accounts for no canopy cover but vpd doesn’t for pipo?



Climate suitability Stand replacing fire & climate suitability

# climatically 
suitable years

Presenter
Presentation Notes
Replace map with just 0 years and then add percent of area in big text 
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