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PROGRAM NARRATIVE STUDY PLAN 
FOR MAMMALS RESEARCH 

FY 2016-17 
 

A. Title:   
 
Numerical response of snowshoe hares and red squirrels to changed forest structure 
resulting from spruce beetle outbreaks in southwest Colorado. 
 

B. Need:   
 
 Mountain pine beetle (Dendroctonus ponderosae) and spruce beetle (Dendroctonus rufipennis) 
outbreaks have reached epidemic levels in Colorado, impacting over 4 million acres of lodgepole pine 
(Pinus contorta) and Engelmann spruce (Picea engelmanni)-subalpine fir (Abies lasiocarpa) systems 
since 1996 (Ivan and Seglund 2015).  Though bark beetles are native to Colorado and periodic 
infestations are considered a natural ecological process, the geographic scale of their impact and 
simultaneous outbreaks within multiple forest systems has never been observed (Western bark beetle 
strategy; http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/ stelprdb5338089.pdf).  This historic 
event is having significant impacts on composition and structure of forest stands that will propagate for 
decades into the future.  This, in turn affects many wildlife species that use subalpine habitats in the 
state.  
 

The reproductive cycle of bark beetles involves egg laying and larval development within the 
inner bark of large trees, which results in the death of most, if not all, overstory host trees when bark 
beetle populations reach epidemic levels (Meddens et al. 2012).  Specifically, overstory trees die (i.e., 
needles turn red) 1−2 years after beetles enter a stand, and needles drop from the trees 3−4 years after a 
stand is initially invaded.  As needle drop occurs and the canopy opens, mature forests are converted to an 
earlier successional stage in which young cohorts of trees are released (and potentially shrubs, forbs, and 
grasses) and understory density increases.  Additionally, forest composition shifts toward those species 
that are not beetle hosts (e.g., subalpine fir).  The direction, timing, and magnitude of wildlife responses 
to these changes are largely unknown.  Most work examining the impacts of beetle outbreaks on wildlife 
originates from the Pacific Northwest and focuses largely on avian species (e.g., Martin et al. 2006, 
Norris and Martin 2008, Ritchie 2008, Drever et al. 2009, Kroll et al. 2012).  Studies assessing beetle 
impacts to mammalian wildlife, especially in the Sourthern Rockies are scant (e.g., Stone 1995, Johnson 
et al. 2015).  Recently Ivan and Seglund (2015) completed a large-scale project to assess impacts of beetle 
outbreaks on occupancy of a suite of wildlife species in Colorado for up to about a decade after beetles 
first entered a stand (too few stands were impacted more than a decade ago to make inference to longer 
term wildlife response).  Among other results, this initial work indicated that snowshoe hare (Lepus 
americanus) occupancy remains largely unchanged during the first decade after beetles impact an area.  
However, use of beetle impacted stands by red squirrels (Tamiasciurus hudsonicus) drops markedly 
approximately 4 years post-outbreak and then remains low, especially in stands that have been severely 
impacted (>50% of overstory trees dead).   

 
Snowshoe hares and red squirrels together comprise nearly 100% of the diet of federally 

threatened Canada lynx in Colorado (Ivan and Shenk 2016).  Lynx exhibit heavy preference for snowshoe 
hares in their winter diet, and in some years feed almost exclusively on this species (Ivan and Shenk 
2016).  Additionally, snowshoe hares are linked critically to the ability of lynx to successfully reproduce 
(Poole 1994, Mowat et al. 1996, Slough and Mowat 1996, O'Donoghue et al. 2001).  However, red 
squirrels are an important alternative food source, and play an increased role to sustain lynx during years 
when hare abundance wanes (O'Donoghue et al. 1998a, O'Donoghue et al. 1998b, Ivan and Shenk 2016).  

http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/%20stelprdb5338089.pdf
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The recent statewide occupancy work was useful in describing general response of these and other species 
to bark beetle outbreaks.  However, it is important to also formulate a more detailed understanding of how 
density of hares and red squirrels may respond because the majority of lynx habitat in the state has been 
impacted by bark beetles, and ecologically meaningful changes in density may be unaccompanied by 
changes in occupancy.  Furthermore, anecdotal evidence suggests that the demographic response of 
snowshoe hares to spruce beetle outbreaks may be mediated by the type and structure of regeneration that 
occurs in the understory.  That is, increased amounts of subalpine fir in the understory may be correlated 
with increased abundance of hares.  While this relationship would be an important finding and could 
influence timing and location of management activities, it has not been examined formally.   

 
The timeline for addressing these information needs has recently accelerated.  The Rio Grande 

National Forest (RGNF), which hosted nearly all of the lynx reintroductions and still contains a large 
proportion of known lynx in Colorado, is currently revising its forest plan 
(http://www.fs.usda.gov/detail/riogrande/landmanagement/projects/?cid=stelprd3819044).  Thus, an 
opportunity exists to update lynx management recommendations to reflect beetle impacted landscapes.  
This opportunity is both timely and important, as the new plan will guide forest management for the next 
decade.  Concurrently, the RGNF has proposed several thousand acres of salvage operations 
(http://www.fs.usda.gov/projects/riogrande/landmanagement/projects) to extract beetle-killed timber 
while it still has value.  Similarly, the Grand Mesa, Uncompahgre, and Gunnsion National Forests 
(GMUG) recently finalized an EIS authorizing salvage harvest of up to 170,000 acres of spruce-fir forest 
that has been impacted by beetles (http://www.fs.usda.gov/project/?project=42387&exp=overview).  New 
information could improve the timing, siting, and techniques employed during salvage activities in order 
to mitigate damage and/or improve lynx-hare habitat in project areas.  Finally, the RGNF and USFS 
Rocky Mountain Research are poised to complete the final year of lynx sampling on the RGNF for the 
purposes of modeling resource selection by lynx in beetle impacted landscapes.  A complimentary 
research project focused on response of lynx prey in the same landscape at the same time would add value 
and understanding to that important project.   
 

Outside of the need to further our understanding of prey response to beetle-impacted forests, there 
is a longstanding, general need to more efficiently estimate snowshoe hare densities in a variety of 
ecological and management-related settings in the Southern Rockies.  Pellet plots are a means of 
accomplishing this provided that a clear relationship between pellet counts and snowshoe hare density can 
be constructed.  Such relationships have been worked out in Yukon Territory (Krebs et al. 2001), 
Montana (Mills et al. 2005), Idaho (Murray et al. 2002), and Wyoming (Berg and Gese 2010), but do not 
exist for the Southern Rockies.  Here we propose a study to rigorously assess the impacts of beetle 
outbreaks on density of snowshoe hares and red squirrels in the San Juan Mountains of southwest 
Colorado using mark-recapture and distance sampling techniques.  We also intend to take advantage of 
this opportunity to formally construct a model relating local estimated density to local pellet counts such 
that future density-related questions relative to snowshoe hares can be address more efficiently using the 
latter method.    
 
C. Objectives:   
 

1) Determine how snowshoe hare and red squirrel densities change through time after spruce 
beetles impact an area. 

2) Determine the relationship between snowshoe hare density and subalpine fir regeneration in a 
stand following spruce beetle outbreaks.   

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

 

http://www.fs.usda.gov/detail/riogrande/landmanagement/projects/?cid=stelprd3819044
http://www.fs.usda.gov/projects/riogrande/landmanagement/projects
http://www.fs.usda.gov/project/?project=42387&exp=overview
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D. Expected Results or Benefits:   
 
 In general, information gathered from this research will be beneficial for assessing the magnitude 
and direction of impact the current spruce beetle outbreak is having on density of the primary prey species 
for Canada lynx in Colorado.  This understanding will prepare land managers west of the divide who have 
yet to experience the beetle outbreak, and will inform those east of the divide as they make decisions to 
balance management of a listed species with obligations to produce forest products.  In addition to 
identifying the general relationship between prey density and bark beetle outbreaks through time, we will 
also be able to relate each to fine scale vegetation and structural data collected at each plot.  This will 
further facilitate site-level management decisions related to salvage and harvest.  Furthermore, 
establishing a means of connecting pellet counts to hare density will increase efficiency with which hare 
response to management can be evaluated over a large scale, it will add meaning to the hundreds of pellet 
plot locations already sampled as part of current lynx habitat selection work ongoing in the area, and it 
will increase utility of ongoing, long term pellet monitoring programs already in place (S. Wait, pers. 
comm.). 
 
 Biologically, we expect that snowshoe hare density will generally increase with ‘years since 
outbreak’ (YSO) as nearly all previous snowshoe hare literatures reports a strong and positive relationship 
between snowshoe hares and understory density (e.g., Griffin and Mills 2009, Berg et al. 2012, Ivan et al. 
2014).  The main outstanding questions are how much time passes before regeneration advances to the 
point that hare density responds, and how much can density respond?  Based on field observations, we 
suspect that regeneration containing a substantial portion of subalpine fir will be associated with higher 
hare densities than regeneration comprised solely of spruce.  We expect that red squirrel density will be 
severely, negatively impacted through time in response to bark beetles.  Red squirrel diets are largely 
comprised of conifer seeds and they famously rely heavily on cone caches, or middens, as a means of 
surviving winter (Armstrong et al. 2011).  We expect that a loss of cone-bearing trees due to bark beetles 
will have significant demographic consequences for squirrels, consistent with the decline in occupancy 
noted during earlier research (Ivan and Seglund 2015).   
 
E. Approach 
  
Study Site Selection: 
 

The primary purpose of this project is to determine how snowshoe hares and red squirrels respond 
through time as beetles pass over an area, but given the immediacy with which we desire answers, we will 
substitute space for time by simultaneously sampling several sites across the San Juans ranging from 
unimpacted areas to areas impacted more than a decade ago.  We used a series of GIS layers depicting 
forest composition, stand structure and age, spruce beetle extent, mortality of overstory trees, understory 
density, and canopy cover to identify 61 potential study sites.  These potential sites were ground-truthed 
and we ultimately selected 15 of them to collectively represent the gradient in YSO of interest (Figure 1).  
In addition to meeting our criteria with respect to beetle impacts, we were careful to control for all other 
aspects so as to isolate the effects of YSO on prey density.  That is, the selected sites are comparable with 
respect to severity of beetle impact (in all cases >80% of overstory spruce trees are dead, except for 
control sites), slope, aspect (north facing), elevation, structural stage, lack of previous management, lack 
of aspen, and approximate mix of Engelmann spruce and subalpine fir (but see below).  The selected sites 
also provide replication within each of 4 bins:  0−2 YSO (n = 4), 3−5 YSO (n = 4), 6−8 (n = 4), and 9−11 
YSO (n = 3), leaving open the opportunity to analyze the data by treating each of the 15 sites as 
independent estimates or combining sites to improve precision via averaging estimates within a bin.  
Additionally, within each bin we purposely selected 1−2 of the replicates to be ‘dry’ sites, meaning that 
subalpine fir was largely absent in the regeneration component (except for the first bin − we were unable 
locate ‘dry’ sites in the 0−2 YSO category).  Inclusion of these ‘dry’ sites, along with variation in spruce-
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fir regeneration in the remaining sites, should enable us to identify an additive effect of fir regeneraton on 
snowshoe hare density if it exists.  Note that because the spruce beetle infestation in the San Juans started 
in the east and has slowly marched westward, our study sites are roughly situated along an east-west 
gradient with unimpacted sites to the west and oldest beetle impacts to the east.  We assume that 
snowshoe hare density was not previously structured along this east-west gradient. In addition to design 
characteristics, all sites were screened for accessibility and safety during winter.   
 
Sampling Snowshoe Hares:  
 

All snowshoe hare sampling will occur Dec 2016 – Mar 2017.  We realize that snowshoe hare 
density fluctuates through time, but it would take many years of sampling to fully cover the range of 
population change that likely occurs.  In the interest of time, we will sample during a single winter and 
assume that this snapshot will at least reveal the relative response of hare density as a function of YSO.  
Sampling at each site will occur via deployment of a 7 × 12 array of live traps with 50-m spacing (Figure 
2).  Such an array, or grid, takes a crew of 2 approximately 2 days to set up.  Thus, our crew of 6 will be 
able to operate 3 arrays simultaneously.  Once deployed, trapping protocols will follow those approved 
for previous snowshoe hare sampling (CSU IACUC Protocol #06-062).  That is, traps will be locked open 
and pre-baited with an apple slice and hay cube for 3 days, followed by five days when traps will be 
operational.  During the middle trap night of the 5-day trapping period, crews will once again lock traps 
open.  In doing so we avoid capturing individuals 3 consecutive nights, a threshold that previous work 
suggests leads to elevated risk of capture myopathy.  Due to logistical constraints associated with winter 
access and safety, traps will be checked only once daily, early in the morning.  Hares are largely 
crepuscular to nocturnal so nearly all captures are expected to occur at night, and this was indeed the case 
when traps were checked twice daily during summer trapping sessions (J. S. Ivan, unpublished data).  
Traps will be set in microsites that hares naturally select (e.g., under low hanging boughs, in thickets of 
dense saplings, beside large logs), covered with plastic, and then encased entirely in snow except for the 
door (Figure 3).  This setup provides entrapped animals (both hares and non-target species) with adequate 
protection from the elements until they can be released. Occasionally coyotes find trapping grids and pose 
a risk for entrapped hares (and non-target species).  When coyote sign is detected at a site during pre-
baiting days, road kill deer and scent lures will be used to decoy coyotes away from the trapping grid so 
that sampling can continue unabated.  If coyotes do find and kill entrapped hares, the trapping grid will be 
closed immediately, but may be re-opened at a later date. 

 
A crew of 2 will work together on each grid to check traps and process animals as quickly as 

possible.  All captured hares will be coaxed out of the trap and into a pillow case where they will be 
physically restrained for handling without anesthesia.  Each individual will be sexed, marked with an ear 
tag and temporary ear mark (to track ear tag retention during the trapping session), then released.  Based 
on previous work, total handling time will be limited to 7 minutes but will likely take <5 min in most 
cases. Crews will record the tag number of previously captured individuals and release them without 
handling.  Non-target species will be released immediately.  Traps and bait will be completely removed 
from the grid on the final day of each trapping session. 

In addition to ear tags and ear marks, crews will radio collar up to five hares captured on each 
grid with a 20-g mortality-sensing GPS/VHF transmitter (Model Litetrack 20, Lotek Wireless, Inc.) to 
facilitate unbiased density estimation (and potentially survival, home range, seasonal movements).  Based 
on previous efforts, we expect heterogeneity in snowshoe hare movements and use of the grid area, with 
potential bias surfacing due to location at which a hare is captured (e.g., hares captured on the edge of a 
grid may use the grid area differently than those captured at the center).  We also expect differential 
behavioral responses to trapping (e.g., trap-shy individuals may have lower capture probabilities and thus 
may be only be captured late in a trapping session).  To guard against the first bias, crews will randomly 
select a starting trap location each morning and run the grid systematically from that point.  Thus, the first 



6 
 

several hares encountered (and collared) will be as likely to be from the inner part of the grid as from the 
edge.  To protect against the second source of bias, crews will refrain from deploying the final 2 collars 
until days 4 and 5 of the trapping session.  After allowing 2 days for hares to resume their normal activity 
patterns upon removal of traps and bait from a site, GPS collars will collect locations every 30 min for 2 
weeks.  We will use these locations to estimate the proportion of time each animal spends within the 
minimum convex polygon (MCP) encompassing the trapping grid.  This proportion will be combined 
with mark-recapture information to provide an unbiased estimate of snowshoe hare density as described 
in Ivan et al. (2013a). 

Crews will repeat this sampling scheme 5 times throughout the winter in order to complete 
sampling of the 15 study sites in a single season.  We will try to avoid sampling all replicates of each 
YSO bin during the same 10-day period in case hare density varies strongly from early to late winter.  
After the last set of sites is sampled, crews will revisit each site in order, spending 1−2 days at each to 
remotely download GPS data from the collared hares.  This rapid retrieval of location information will 
enable analysis to begin immediately upon completion of the winter field season.   We will not make an 
effort to remove collars from hares as visibility and weight of the collars are both minimal and should not 
impact survival.   

Sampling Red Squirrels: 
 

During each of the 3 days of pre-baiting associated with a trapping session, crews will stop at 9 
evenly distributed trap locations to conduct a 6-minute point count for red squirrels (Figure 2).  These 9 
locations were chosen to replicate to the degree possible the 250-m spacing of point counts conducted 
during previous work, which produced good estimates of red squirrel density (Hanni et al. 2012, Ivan and 
Seglund 2015).  Note that 3 of the points are only 150 m from other points.  We included them to boost 
sample size, but if we determine that detections from these points are not independent of the others, they 
will be discarded prior to analysis.  During each point count crews will record all red squirrels they see or 
hear along with the distance to each observed individual from the trap (i.e., center of the point transect).  
Crews will use range finders to assist in distance estimation.  These data will be used in a distance 
sampling framework to estimate red squirrel density at each site. We chose to estimate red squirrel 
density using distance sampling because this species is easy to detect from transects, and our experience 
suggests we are likely to get more and better data from this method than from live-trapping.  Also, this 
approach allows us to focus our trap-sets and baits specifically on hares rather than trying to attract 2 
species, with different diets, to the same set of traps.       

 
Sampling Vegetation and Hare Pellets: 
 
 During September 2016, USFS crews measured vegetation structure and composition at each 
study site using the same protocol as the complimentary USFS lynx habitat selection project (Appendix 
1).  Vegetation sampling occurred at 15 systematically chosen 0.04-ha plots within the 7 × 12 sampling 
array at a site (Figure 2).  At each vegetation plot, crews measured a variety of forest metrics designed to 
be meaningful from both a wildlife and forestry perspective.  These included measurements of canopy 
cover, horizontal cover, ground cover, understory density, coarse woody debris, and counts and diameters 
of all trees within the plot.  Most measurements were tagged by species and mortality status to facilitate 
summarization according to either category.  Five pellet plots were sampled at each of the 15 vegetation 
plots.  Crews attempted to sort pellets as ‘recent’ (deposited within the past year) or ‘old’ (deposited prior 
to the last year), recorded the number in each group, then discarded the pellets away from the plots.  
Crews will re-visit each pellet plot in September 2017 to re-count the previously cleared plots so that we 
can attempt to associate pellet counts with hare density under both a cleared and un-cleared sampling 
scheme.  
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Data Analysis: 
 
 Snowshoe hare density will be estimated using the ‘Density with Telemetry’ data type in Program 
MARK (White and Burnham 1999, Ivan et al. 2013a).  Under this approach, mark-recapture data is used 
to estimate the number of individuals that could have used the area encompassed by the MCP of the 
trapping array (i.e., mark-recapture data is used in the traditional sense to estimate the superpopulation), 
then the ancillary telemetry information adjusts this estimate downward, including only those individuals 
and portions of individuals that actually occurred on the grid.  The approach is free from distributional 
assumptions concerning the shape and consistency of home ranges during the trapping period.  As such, it 
has been shown to perform with better precision and less bias than standard spatially explicit capture-
recapture (SECR) approaches even in cases when as few as 25% of captured animals at a site are collared 
(Ivan et al. 2013b).  Previous work with snowshoe hares at similar sites suggests that we will capture on 
average 7.6 hares per grid, which means we will, on average, be able to collar 66% (5/7.6) of captured 
individuals.  Thus, we expect our sampling effort to be well within the range of conditions in which the 
telemetry-augmented estimator works well.  Additionally, recent reanalysis of snowshoe hare data 
collected by Ivan et al. (2014) suggests significant movement of snowshoe hares into the trapping grid 
from adjacent areas, presumably induced by bait used at these sites during an otherwise lean time of year 
(J. S. Ivan, unpublished data).  Such a phenomenon is handled by the telemetry-augmented estimator, but 
appears to cause positive bias in SECR estimates.  That is, without auxiliary telemetry information, 
models formulated under the SECR framework cannot discern which captured individuals live on or near 
the grid (i.e., those that should be part of the estimate) and which would normally reside well away from 
the grid if not for the effect of the bait (i.e., those that should not be included in the estimate).  This 
provides further justification for using telemetry augmentation to assist with estimation of density.  
Density will be estimated separately for each site, likely by sharing parameters among sites as appropriate 
(i.e., assuming a common intercept for detection probability across sites).  To examine the relationship 
between density estimates and YSO, fir regeneration, and stand-level covariates collected from vegetation 
plots, we will fit generalized linear models to the 15 density estimates using either the variance 
components procedure in MARK or a Bayesian framework.  Both methods can appropriately account for 
uncertainty in underlying estimates when building models to explain patterns across the 15 sites.  
Alternatively, if dictated by precision of the underlying estimates, we can also simply examine mean 
snowshoe hare density within each of the 4 bins mentioned earlier and assess response to vegetation 
changes imposed by beetles by interpreting differences in these means. 
 
 Distance sampling will be used to estimate density of red squirrels.  Specifically, we will use the 
R package ‘unmarked’ (Fiske et al. 2015, R Development Core Team 2015) to fit distance sampling 
models using a Bayesian hierarchical framework.  This approach has 2 key advantages over traditional 
distance sampling.  First, it allows the user to incorporate data from repeated counts in order to remedy 
the problem of temporary emigration during surveys (Chandler et al. 2011).  That is, we can relax the 
assumption that all animals with home ranges overlapping the point transect are available in that area 
during the count and have not temporarily moved to another part of their home range where they cannot 
be detected.  Second, the distance sampling formulation in ‘unmarked’ allows for modeling density 
explicitly as a function of covariates (Royle et al. 2004).  As such, we can examine red squirrel density as 
a function of YSO or vegetation attributes, topographic variables, etc. 
 
 We will relate both cleared and uncleared snowshoe hare pellet counts to density estimated from 
mark-recapture using the same techniques described in Krebs et al. (2001), Murray et al. (2002), and 
Mills et al. (2005).  That is, we will compute the mean pellet count from the 75 hare plots on each grid, 
log transform this mean, then regress log-transformed snowshoe hare density against the log-transformed 
mean pellet count to produce a best-fit linear (or non-linear) model relating the 2 quantities.      
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Power:  
 

Ivan et al. (2013b) conducted an extensive series of simulations to evaluate performance of their 
telemetry-augmented density estimator, including combinations of individuals, collars, and occasions 
specifically selected to represent snowshoe hare density (𝐷�) estimation in Colorado.  These simulations 
indicated that the approach of Ivan et al. (2013a) outperformed other contemporary approaches in terms 
of expected bias and precision.  Further work (J. S. Ivan, unpublished data) suggested that the 
combination of parameters simulated in Ivan et al. (2013b) should yield CV(𝐷�) < 30% in 80% of 
simulations.  This precision at an individual grid level should be adequate for examining the impacts of 
YSO across 15 sites as well as determining whether an additive effect of subalpine fir understory impacts 
density. Also, the replicates within each bin of YSO could be averaged to provide a more precise 
representation of snowshoe hare density.  In that case a delta method transformation (Seber 1982:7) to 
estimate the sampling variance and SE for the mean across 4 replicate sites results in CV(𝐷�) = 15%.  At 
that level of precision, it should be possible to statistically discern that densities of say 0.3 hares/ha (SE = 
0.15 × 0.3 = 0.045, 95% CI = 0.21, 0.39), or 0.7 hares/ha (95% CI = 0.49, 0.91) are different from 0.5 
hares/ha, a threshold posited by many authors as the minimum required to support lynx (Ward and Krebs 
1985, Ruggiero et al. 2000, Simons-Legaard et al. 2013).  However, it should be noted that Ivan (2011) 
observed CV(𝐷�) = 71% across sites that that best match the current study design, which is more sobering 
and suggests that power may be limited to discernment of only larger differences in hare density.   
 

Ivan and Seglund (2015) recorded red squirrel observations while conducting point counts to 
determine breeding bird response to bark beetle outbreaks in spruce-fir forests in Colorado.  Distance 
sampling estimates of red squirrel density from this effort were 101.26/km2 in 2013 and 103.27/km2 in 
2014 (Rocky Mountain Avian Data Center, http://rmbo.org/v3/avian/ExploretheData.aspx).  More 
importantly, estimated CVs were 11% and 12%, respectively, in each year.  Given that Ivan and Seglund 
(2015) sampled n = 60 point transects each year to achieve this level of precision, the sampling effort of n 
= 135 point transects proposed here (9 point transects, 15 grids), each sampled on i = 3 occasions, should 
be more than adequate to examine squirrel density in relation to YSO and other covariates of interest.   

 
 Hodges and Mills (2008) conducted an extensive series of simulations and field tests to examine 
various design attributes associated with pellet plot surveys.  Based on their efforts, they recommend that 
“Sample sizes of small rectangles or 1-m2 circles should be in the range of 50–100 per stand. Smaller 
sample sizes run into serious problems with poor estimates of pellet density and poor precision. Sample 
sizes above about 100 yield decreasing returns in increased precision and accuracy.”  Accordingly, we 
completed counts at 75 pellet plots at each of our study sites, which should be an adequate yet efficient 
level of sampling to characterize snowshoe hare density.    
           
Personnel: 
Principal Investigator: Jake Ivan, Wildlife Researcher 
Cooperator: John Squires, Research Wildlife Biologist, USFS Rocky Mountain Research Station 
Cooperator: Randy Ghormley, Wildlife Program Lead, Rio Grande National Forest 
 

This project will require cooperation and coordination with CPW Biologists, Area Wildlife 
Managers, and District Wildlife Managers in the Southwest Region.  Additionally, all work will occur on 
lands managed by USFS, and coordination is ongoing with appropriate District Rangers, Wildlife 
Program Leads, District Biologists, and Timber Management personnel on the Rio Grande, Gunnison, 
Uncompahgre, and San Juan National Forests.  As presented here, the project will require 8 seasonally-
hired CPW technicians plus a crew leader.       

   

http://rmbo.org/v3/avian/ExploretheData.aspx
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E. Location:   
 

Sampling will occur in the San Juan Mountains of southwest Colorado on land managed by the 
Rio Grande, San Juan, Gunnison, and Uncompahgre National Forests.  Study sites fall within 
CPW Areas 15, 16, 17, and 18; Districts 321, 343, 362, 365, 366, and 382.   

 
F. Schedule of Work:  
  

Activity  Date  
Vegetation/Pellet Sampling 9/5/16 – 9/30/16 (Completed) 
Crew Training  12/5/16 – 12/9/16 
Snowshoe Hare/Red Squirrel Sampling  12/12/16 – 12/21/16 
Holiday Break 12/24/16 – 1/6/17 
Snowshoe Hare/Red Squirrel Sampling 1/1/17 – 3/1/17 
Snowshoe Hare GPS Data Retrieval 3/6/17 – 3/15/17 
Pellet Plot Re-Sampling 9/4/17 – 9/29/17 

 
G. Related Federal Projects:  

 
All sites selected for sampling fall within property managed by the U.S. Forest Service.  Also, 
this project is part of a larger effort to understand lynx-hare response to bark beetle outbreaks.  
That is, this proposed research is directly complimentary to the ongoing project examining 
resource selection by lynx in beetle-impacted landscapes, which is led by USFS with CPW as a 
collaborator.  Finally, Jake Ivan is a member of the science team that plays an advisory role in the 
GMUG “Spruce Beetle Epidemic and Aspen Decline Mangement Response”  Project. 
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I.  Figures and Tables: 

 

 
 
 
Figure 1.  Study sites (n = 15) selected to cover a gradient of years since spruce beetle outbreak.  Western 
sites are green forests that have yet to be impacted; eastern sites are forests where the majority of 
overstory mortality occurred a decade ago.  
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Figure 2.  Schematic of 7 × 12 trapping grid (circles) used to sample snowshoe hares at each study site.  
Trap spacing is 50m.  Black circles indicate trap sites where point transect distance sampling will occur 
for red squirrels.  Triangles indicate plots used to characterize vegetation structure, vegetation 
composition, and pellet counts at each study site. 
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Figure 3.  Example snowshoe hare trap set showing a typical microsite selected for trap placement (e.g., 
under trees with numerous low branches) and how traps are completely encased in snow to provide 
protection from the elements.  
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Appendix 1. Lynx/hare Study: Eco Plot Protocol – USFS Rio Grande National Forest – 2016 
 
 

1. Navigate to known lynx GPS location 
a. Navigate to lynx used or random location using Garmin GPS. Once within ~15 m use 

Trimble to more precisely find the center location and establish center stake. Record 
center location UTMs. 

2. Establish a 22.4 m transect running North–South with the center established at the lynx used 
or random point (Figure 1.) 

a. The North–South transect is marked with tape and knots to indicate locations of 
pellet/vegetation plot sampling. 

b. Establish a second 22.4 m transect, centered at stake, running East–West to guide circular 
plot estimation and horizontal cover measurements. 

c. Be careful not to trample the area where the pellet plot will be conducted while setting up 
the transect. 

3. Canopy Cover and Tree Understory Estimate  
a. At each plot, sample 25 points in a 20m x 20m grid.   

a. Using a 14.14 m guideline fasted to the center stake, start in the Southwest corner of 
your grid and take a sample.   

b. Walk north and sample 4 more points at 5m intervals.  
c. Start a new transect 5m to the east and sample 5 points walking south, again at 5m 

intervals.  
d. Walk and sample 3 more parallel transects to the east at 5m spacing. At each point, 

technicians will sample the following: 
1. Canopy cover presence (1) or absence (0) using a moosehorn (vertical 

projection tube).  If any part of a tree (living or dead) intersects the 
leveled moosehorn sight, canopy is present.   

a. If canopy cover is present, technicians will identify the species 
and estimate the DBH of all trees > 3” creating the cover without 
leaving the transect line if possible.  However, occasionally 
measure trees to “train” your visual DBH calls.   

b. Enter species, DBH estimated to the nearest inch, canopy level, 
and condition into netbook.  Options for canopy level are (1) = 
overstory; and (2) = sub–canopy.  It is possible to have >1 tree 
present in cross hairs at a point. Trees of equal height will have 
the same canopy level number. Options for condition are “live”, 
“red”, or “dead”. 

c. Only record all trees >3” DBH and taller than 6’ height that 
intersect the moosehorn cross hairs.   

2. In addition, technicians will conduct line–intercept sampling between 
grid–points to record the forest understory of living trees.  For each 
understory tree (can be any DBH as long as the height is > 1 m and 
below the overstory) intersected by the line–transect, record the tree 
species, estimated height (nearest foot), and condition (live, red, or 
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dead).  If any part of that tree intersects the line it is recorded.  The intent 
of the line–intercept sample is to quantify the regenerating forest 
characteristics of trees that were released following beetle–caused 
mortality to the spruce overstory.  

a. For snags encountered on line–intercept, estimate DBH as usual 
and enter “snag” (Record as “snags” only for class 3 – 5 (see 
Figure 4) as the species and ‘dead’ as the condition) 

4. Quantify along Established N–S transect––woody debris, understory density, hare pellets, 
and ground cover. 

a. Sample woody debris, understory density (a second measure, but density this time), hare 
pellets, and ground cover along the 22.4 m N–S transect already established.   

b. Hare Pellets Plots:  
i. Starting at 0m and spacing every 5.6 m (for a total of 5 plots), use a 0.56m radius 

cord stretched from a center nail to establish a 1–m2 circular plot (Murray plot).  
A tape mark on the cord indicates the 0.56 m. Where the tape begins marks the 
boundary of the radius. 

a. Count separately “old” from “new” pellets within the circle. Counts are conducted 
on your hands and knees carefully searching the duff for pellets.  Do not dig into the 
duff to locate pellets. 

1. Color: new pellets are generally tan, as opposed to grey or black for older 
pellets, old often also have some mold on underneath side 

2. Texture: new pellets are smooth and tightly packed, older pellets are 
"frayed" or material is beginning to stick out 

3. Shape: new pellets are usually nearly perfectly round (easily roll), older 
pellets are somewhat out–of–round, often a slight point, and don't roll in 
all directions 

4. Location: new pellets are on the surface, older pellets are integrating into 
the decomposing humus  

5. Pellets that are > than halfway in are counted. If you have multiple 
pellets that are halfway in, alternate between including and excluding 
pellets in plots.  

c. Ground Cover 
a. Sample ground cover inside the same 1m2 circular plot used for hare pellets 
b.  From a perspective of looking directly down on the plot, estimate the percent cover 

of grasses, forbes, and shrubs.  
c. Identify the most prevalent shrub to species (salix to genus).  
d. Each category (grass, forbs, shrub) can equal 100%.  

d. Understory Tree Density 
a. Count all understory tree boles that are within 0.5m of each side of the N–S transect 

(can be any DBH or height as long as it is not part of the overstory and over 1 m in 
height) in the belt transect.  A second tape mark on the hare pellet radius cord 
indicates the boundary of 0.5m for the belt transect. Do not count seedlings (trees < 
1m in height). Record the tree species, estimated height (nearest foot), and condition 
(live, red, or dead) for each tree.  This procedure is intended to estimate the actual 
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density of understory trees.  The tree’s bole needs to be in the belt boundary to be 
counted.  

e. Downed Woody Debris: 
a. While walking the transect to sample hare pellets, ground cover, and understory 

density, record the center DBH (inches) and length (feet) of all downed logs (> 3 
inch center DBH and > 1 m in length) for logs intersecting the tape.   

 
5. Establish and sample large (.04 ha, 400 m2) circular plot. 

a. Estimate a plot perimeter with an 11.2 m radius from plot center, using the East–West 
and North–South transect lines as a guide. 

b. For each tree (>3 in DBH) within the large plot, estimate DBH and record species and 
tree condition (live, red or dead) (Table 1).  

c. Use a laser or tape, rope to establish if border–line trees are in or out of the fixed–
diameter plot 

d. If snags are encountered (class 3–5; see Fig 3), record “snag” as species, DBH as usual, 
condition as ‘dead’ 

 
6. Horizontal Cover Estimate. 

a. Technicians will estimate horizontal cover using a 0.5 m x 2 m cover board, which is 
divided into four 0.5 m2 blocks (Figure 2). Each of the 4 blocks is divided into 4 sections. 

a. For each block, from top to bottom (high, medium–high, medium–low, and low), 
estimate the percentage covered by vegetation, downed wood, rocks, etc.  

1. Estimate the cover per section and combine these for an overall 
percentage for each block (0–100%) 

b. Collect horizontal cover measurements from center point of the grid (lynx random or 
used location). Place the coverboard 10 m (32.8’) away from the center in each cardinal 
direction (Figure 1). Use flagging tape mark knotted at 10m on transect lines. One person 
will hold the coverboard facing the center of the grid, while the other person will remain 
centered and visually estimate the percentage of each block that is covered (see below).  

c. Bottom edge of coverboard must be touching ground.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1:  Tree Condition Classes  

Condition Description 

Live Healthy tree with little biotic/abiotic 
change. 

Red Sick tree with extensive biotic/abiotic 
damage, will cause death in 5–10 years. 

Dead Dead tree or snag with no living tissue 
visible. 
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Figure 1.  Plot layout to quantify forest composition and structure (canopy grid and belt transect 
not shown).  

 
 

Fig 2. Cover board used to estimate horizontal cover on transects. Each red or white square 
represents a section. Four sections together represent a block. From top to bottom, blocks are 
referred to as “high”, “medium–high”, “medium–low”, and “low”.  Each coverboard should 
generate 4 estimates of cover, 1 per block.  
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