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Presentation Notes
Now map in general terms the subalpine forest in the state.  The blue-green polygons are forests dominated by Engelmann Spruce and/or Subalpine Fir.  The bright green polygons are forests dominated by Lodgepole Pine and/or Lodgepole mixed with something else (e.g., aspen).
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General distribution of subalpine forest in the state.  The blue-green polygons are forests dominated by Engelmann Spruce and/or Subalpine Fir.  The bright green polygons are forests dominated by Lodgepole Pine and/or Lodgepole mixed with something else (e.g., aspen).  Red (mountain pine beetle) and purple (spruce beetle) polygons overlaying the forest polygons indicate areas impacted by bark beetles as measured via USFS Forest Health, Annual Aerial Surveys.  Cumulative bark beetle coverage was about 4 million acres when the field sampling portion of this project was completed in 2014.



• Assess impacts of beetle outbreaks 
on a suite of wildlife species 
inhabiting subalpine forests in CO 

• Make inference to both spruce/fir 
and lodgepole systems

Objectives:

Study Area:
• Statewide
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This figure depicts the sampling scheme we deployed for the project.  From all of the available spruce/fir and lodgepole/mixed plots available to sample, we randomly selected 150 of each to sample for occupancy by mammals.  We arrived at 150 based on power analyses we did using pilot data.  That level of sampling should give us the data we need to estimate the kinds of responses we’re interested in detecting, if they exist.We sampled the first 75 units from each stratum during 2013, and the second 75 from each in summer 2014
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Analysis
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The analysis here was just for mammals, and only using the 2013 data.  NOTE:  We collected breeding bird data at each of the same sites.The results are from a single season occupancy model – cameras sample continuously and the model requires discrete occasions, therefore we broke up our data into 4, 1-week sampling occasionsThe main parameter of interest is occupancy and we considered the possibilities that it may 1) be constant across forest types and with respect to beetles, 2) vary with forest type, 3) vary linearly with “Years Since Initial Infestation by Beetles”  or 4) it may vary with YSI but go up then curve down or down then up.Secondarily we have to model detection probability which we said could be 1) constant, 2) could vary by forest type, or 3) may decline with each passing occasion (wool can get ripped off, rain can wash away scent)We considered all combinations of these structures and used AIC to determine which structure fit the data best.



Snowshoe Hare
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Results from the top model for snowshoe hares, a species of interest due to implications for lynx managementOrientation to the figure:  occupancy (probability of use of a given stand) is on the Y-axis, Years Since Initial Beetle Outbreak is on the X-axis.  The first entry for the x axis is for “green” stands (i.e., either no beetles or beetles first attacking the stand in the year we sampled).  Moving to the right we have 1 year post outbreak (needles are generally turning red by this point), 2 years post outbreak, etc. up to 11 years after the initial outbreak when all needles have long-since dropped and the stand is in the “gray” or “silver” phase.  Best model for hares has a forest effect (occupancy is higher in spruce/fir than lodgepole, which is no surprise), and we see that beetles have a negative impact on use by snowshoe hares (occupancy for plots hit 12 years ago is much lower than for plots that haven’t been hit yet).  This result is a bit of a surprise as I would have thought opening up the canopy would cause an increase in understory, which should have been good for hares.  Could be 12 years is not enough time for that understory to develop sufficiently.  I expect the curves to trend back upward at some point in the future.



Red Squirrel
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Red squirrels are another species of interest from a lynx management standpoint.  Here the best model has no forest type effect (response to beetles is roughly the same regardless of whether we’re considering spruce/fir or lodgepole).Response to beetles is negative, which probably makes sense – taking away many/most of the cone producing trees.



• Determine how hare and squirrel densities change through 
time after spruce beetles impact an area.

• Determine relationship between hare density and subalpine 
fir regeneration.  

• Determine the relationship between snowshoe hare density 
and pellet counts conducted in the same area.    

Phase II: Objectives
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We have anecdotal evidence of recent lynx reproduction in the state.  Current survival information is unavailable.  Our best estimate is that the population of lynx in Colorado is stable.
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Results from the top model for snowshoe hares, a species of interest due to implications for lynx managementOrientation to the figure:  occupancy (probability of use of a given stand) is on the Y-axis, Years Since Initial Beetle Outbreak is on the X-axis.  The first entry for the x axis is for “green” stands (i.e., either no beetles or beetles first attacking the stand in the year we sampled).  Moving to the right we have 1 year post outbreak (needles are generally turning red by this point), 2 years post outbreak, etc. up to 11 years after the initial outbreak when all needles have long-since dropped and the stand is in the “gray” or “silver” phase.  Best model for hares has a forest effect (occupancy is higher in spruce/fir than lodgepole, which is no surprise), and we see that beetles have a negative impact on use by snowshoe hares (occupancy for plots hit 12 years ago is much lower than for plots that haven’t been hit yet).  This result is a bit of a surprise as I would have thought opening up the canopy would cause an increase in understory, which should have been good for hares.  Could be 12 years is not enough time for that understory to develop sufficiently.  I expect the curves to trend back upward at some point in the future.
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USFS Research
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Preliminary data from a USFS/CPW collaboration looking at the impacts of bark beetles on habitat selection by Canada Lynx.  Note that these 4 lynx continue to make heavy use of areas that have been impacted by beetles (yellow polygons), although they generally avoid areas recently impacted by forest fire (red polygon).
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The analysis here was just for mammals, and only using the 2013 data.  NOTE:  We collected breeding bird data at each of the same sites.The results are from a single season occupancy model – cameras sample continuously and the model requires discrete occasions, therefore we broke up our data into 4, 1-week sampling occasionsThe main parameter of interest is occupancy and we considered the possibilities that it may 1) be constant across forest types and with respect to beetles, 2) vary with forest type, 3) vary linearly with “Years Since Initial Infestation by Beetles”  or 4) it may vary with YSI but go up then curve down or down then up.Secondarily we have to model detection probability which we said could be 1) constant, 2) could vary by forest type, or 3) may decline with each passing occasion (wool can get ripped off, rain can wash away scent)We considered all combinations of these structures and used AIC to determine which structure fit the data best.
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• Deployed June - July
• Retrieved ≥4 weeks later

~4 m

~0.5 m

Peanut Butter (1 tbsp)

Rabbit Lure (1 tsp)

Camera
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This is an example of the sampling mechanism we deployed at each of the 300 randomly selected sites.  We wanted to sample small-bodied mammals  as well as large-bodied mammals, so used a camera set where the camera was closer to the ground than usual, and the lure was closer to the camera than usual.These were baited sets – 1 TBSP of peanut and 1 tsp of rabbit lure, each mixed with a small piece of wool and stuff into the tree bark.  Idea was entice animals in the immediate vicinity to step in front of the camera.All cameras were deployed from June -  mid-July and left to sample for at least 4 weeks.


	Impacts of Bark Beetle Outbreaks on Lynx & Hares�
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Analysis �
	  Snowshoe Hare
	  Red Squirrel
	Phase II: Objectives
	Slide Number 10
	Snowshoe Hare
	Snowshoe Hare
	Snowshoe Hare
	Snowshoe Hare
	Snowshoe Hare
	Snowshoe Hare
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Habitat Relationships of Lynx in Beetle-impacted Forests�
	USFS Research
	USFS Research
	Summary �
	Summary �
	Summary �
	Summary �
	Summary �
	Questions?
	Slide Number 29

