Structure and Dynamics of

Range-margin Pinus banksiana forests
in Minnesota, USA
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Thanks to the NAFEW organizers for giving me the chance to present our work.
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Range-margin Populations
e Persistent through or adapted to marginal
conditions

. Bellwethers of range shifts
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The closer a species is to the edge of its range, the more likely it is to face climate and edaphic conditions that are sub-optimal. When a population of a species is able to persist and adapt to the marginal conditions near the edge of their range they are considered to be a range-margin population. Because of this, their success or failure is often the bellwethers of change and range shifts

When it comes to modeling and managing range-margin forest…




Stand Characteristics

Range-margin stand trajectories?
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… stands, we often lack specific information regarding their natural range of variation. To get around this knowledge gap, we make our best guesses on potential developmental trajectories from non-marginal stands. 

But more and more we are realizing the problems with making such assumptions in our management decisions and model development. Such is the case for pinus banksiana – jack pine – in central Minnesota

This is especially…
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 concerning because is that there has been steep decline of jack pine on the landscape. 

-abundance is currently at the lowest point recorded and what is on the landscape is primarily of middle to older age. 

As much as managers have tried promoting new regeneration over the past 30 years, more often than not their efforts have been considered failures.

Brings up the major question of whether we’re potentially already seeing the effects of climate shifts or whether our assumed management efforts don’t align with their regional natural variation in stand dynamics and development.

The assumed…
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…stand dynamic pattern across most of jack pine’s range is that a combination of serotinous cones and fire result in even-age stand that then develop along typical even-aged pathways.

However, in some marginal populations near the southern range-margin…
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Near where non-serotinous cones are more prevalent, non-lethal fires and open periods following lethal fires have been shown to create uneven aged populations that are more self-perpetuating.

In central Minnesota’s … 




Dynamics — central Minnesota
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Range-margin population, we know we have primarily non-serotinous cones but we don’t know the age distributions and associated disturbance histories necessary for assessing the natural range of stand dynamic patterns.

With this in mind, the primary…
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objective of this project was to use age and spatial distribution data to determine the historic range of developmental variability in range-margin jack pine forests. 

We expected that, like other marginal and southern range-margin stands, we would find a range of stand development patterns.

In order to do this, …
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… we located ten research sites in naturally established jack pine stands within the southwest range-margin population in north central Minnesota. 

Within this region, jack pine stands are most often found on the xeric sandy outwash plains left behind by the most recent glacial advance …

At each site, 
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… established one one-quarter hectare sampling plot.

Within this, we sampled the structural characteristics and locations of all living and dead trees that were greater than or equal to 10 cm at breast height,

From each of these… 



Dendroecology reconstruction

* Increment cores from all living trees and jack pine snags
in each plot (N =1676)

* Fire scarred trees in or nearby plots (N = 6)

e Standard processing
e Age distributions for all species at each site (n = 1562)
 Jack pine recruitment windows (n = 875)
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… we also collected an increment core at 30 cm above the ground in order to be able to reconstruct the establishment, growth, and disturbance patterns.

With these, we developed age distributions for all species… recruitment windows for jack pine…


Results — All Stands
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The results from our ten stands, arranged here from low to high based upon their age distribution range, indicate…
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That there was a range of stand development pathways to current maturity

For today, I’m going to highlight this range …


Age distributions

Results — Focal stands
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… by focusing on age and spatial distribution results from the two sites that had the lowest and the highest range in jack pine ages


I’ll start by discussing what we found at the lower end of this distribution with stand 7….
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…which was also called Nimrod Range because it was close to the city of Nimrod, Minnesota.

Typical age distribution where … y-axis we have percent of total recruitment and on the x-axis we have our year of recruitment grouped into 5-year bins. Each bar is broken up within with different colors for each species

Species - In blue, we have both currently living and standing dead jack pines. In red, red pine, and the little bit of green is oak.

-few hold-out red pines from an earlier generation but that a 

-strong majority of recruitment, especially of jack pine, is happening between 1945 and 1950.

-Intermediate or nearly stand-replacing disturbance occurred on the site around 1940; not clear evidence of what the specific event was.

Whatever happened, it opened up a majority of the growing space, jack pine took advantage and within a short amount of time established an even-aged cohort that is now starting to break up as it reaches later stages of stand development

The spatial distribution gives us another angle with which to assess the stand history…


Spatial distribution — Nimrod Ra nge
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Bird’s-eye view of the tree locations within this one-quarter hectare research plot, blue dots… red squares

Pair Correlation Function assessment indicated the even-aged jack pine to be significantly clumped at distances between 4.5 – 6.5 m.

The intermediate, or nearly stand-replacing, disturbance left gaps in the scattered remaining red pines and the jack pine were able to recruit into the gaps between remaining mature trees.

My inclination is that these spatial and age distributions are the result of a windstorm, or other canopy-removing event, followed by a light surface fire 


So for Nimrod Range…
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… Although the two-aged nature of the stand, when considering all species, and the clumped nature of jack pine recruitment is a bit different from expectations, the even aged cohort of jack pine highlights jack pine’s ability to quickly occupy available space…

So now let’s take a look at the other end of the spectrum starting with…
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… the age distribution from Midge Lake east…

The y-axis is still recruitment percent but it now only goes up to 30 instead of 70.

Similarly to Nimrod, we see that there is a pretty clear start to the recruitment of jack pine seedlings. However, the initial pulse between 1915 and 1925 is only around 30% of total recruitment. The other 70% of recruitment comes in relatively low percentages across the next 50 years.

-Talks with managers… recruitment window technique


Recruitment window — I\/Ildge Lake East
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In order find how long it too for 90 percent of what are now mostly canopy trees to recruit…

-lower 5% and upper 95% - difference was recruitment window

-At midge lake east, the recruitment window was 50 years

-median date of recruitment

To give you an idea of the range of recruitment windows…
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On the X-axis is still year, but sites are now standardized by the median year of recruitment instead of absolute year

And vertically, they are arranged from the shortest at the top, which is nimrod range, to the longest at the bottom, midge lake east.

The mean recruitment window was…

And using 15 years as the upper bound of what’s technically even-aged, a majority of our stands were uneven aged.

At these uneven aged sites, we modified our spatial analysis slightly…


Spatial distribution — I\/Ildge Lake East
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We started as we did with the others, by assessing all stems together, At midge lake east, the trend was not significantly different from random, which was the case for many of our sites. However, at this site and others, we knew there was a range in ages discrepancy… so we split
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… assessed the spatial distribution in relation to stem age. Oldest trees in black and grades to green for younger trees

At midge lake east, we ended up with one group that represented the initial cohort – black-  and a group of the continuous recruitment after the initial cohort – in green. 

When groups assessed individually, both demonstrated significant clumping. 


These spatial and age distribution patterns could be caused by a couple different factors:

-Full initial stocking with intermediate disturbances such as surface fire, wind, or insect outbreaks that create openings in the growing space. 
OR,
-Incomplete initial stocking and infilling via non-serotinous cones and climatic conditions which are favorable to JP germination or just opportunistic

The spatial pattern here, and at other sites with extended recruitment, often pointed development patterns that included low initial stand-wide density followed by infilling of further individuals over time

Such patterns give further support to …
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… a growing body of literature in jack pine, as well as other north American forests, of a post-disturbance open period.

Even after stand replacing disturbance - no one direction for stand development after more major

Green-up standards and certification???
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0 – So, what has happened in these non-serotinous range-margin populations was a range dynamic patterns :

1 – One pattern that resembles the assumed pattern

2 – And one that is likely the result of low-density initial stocking that gradually fills in

The pattern seen at the other eight stands all fall between these two extremes. 
These results are indicating…


Stand Characteristics

Conclusions

-Multiple Developmental
@ Pathways

-Post-disturbance open

period
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 that the development from stand initiation to maturity can take a number of different developmental pathways.

However, much of our modeling and management currently aims…


Stand Characteristics
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Conclusions

Small target of current
models and management
- Minimal complexity

- Limited resilience
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for a very small target of even aged pathways that look something like our age distribution at Nimrod Range. Our results indicate that this small target of forests with limited complexity does not encompass that natural range of variability of development in this region. And if we’re only 

Giving ourselves such a small target gives us very little room for error and doesn’t promote resilience and adaptability on the ground. On the flip side, …


Stand Characteristics

Conclusions

Stand complexity:

- Diversified options

- Increased resilience and
adaptability?
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If we Broaden our goals and modeled trajectories to allow for the full range of variation, especially not writing stands off if they don’t meet an expectation of full stocking five years after harvest, allow and promote multiple pathways

Silviculturists have options in these and other stand types. If they give themselves a bit more room for error in choosing prescriptions there will be improved opportunity for short and long-term success.  



B : .
Management implications:

e Multiple potential regeneration methods
 Live tree retention & ecological legacies
 Allow for post-harvest open-periods
 Variable density harvests

50

Franklin et al. 1997, Franklin, Mitchell, and Palik 2007
D’Amato et al. 2011, Churchill et al. 2013
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Of Variable density management…promote such forest structure and allow a range of development patterns

Variable density management systems, such as the Individuals, Clumps, and Openings Method, which is starting to be used in western pine and mixed conifer forests

should be explored in Minnesota’s pine forests.

With that, I’d like to…
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There will always be uncertainty about the future, but there are ways to be prepared.

Similarly, with the uncertainty of future climate, we should prepare our forests by managing them in a way that more closely aligns with their natural dynamics

This might allow them to adapt to future changes as they have done to past changes.


