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Introduction 

Caves are a critical resource for many bats in Colorado.  At least 12 of Colorado’s 19 bat species use 
caves during some phase of their annual cycle (Armstrong et al. 2011).  The environmental stability and 
protection provided by caves can make them highly suitable for roosting throughout the year.  During 
summer, caves are used as day roosts, night roosts, and maternity roosts.  Caves are used as hibernacula 
during winter and as migratory resting areas (transient roosts) in the spring and fall.  The availability of 
suitable roosts is a limiting resource in the distribution and abundance of some cave-dwelling bats 
(Humphrey 1975).   

With the recent emergence of White-nose Syndrome (WNS) in eastern North America (Blehert et al. 
2009), the need for baseline data on bat populations, especially in caves, has become more urgent.  
Some information on bat use of caves in Colorado is known (e.g., Navo et al. 2002; Siemers 2002, 
Siemers et al. 2012, and other unpublished studies), however data are still lacking.  Colony sizes similar 
to the large aggregations of bats impacted by WNS in eastern North America are not known to occur in 
Colorado, so detection of WNS, if it should appear in the state, may not be as obvious.   

This report details data collected by both the Colorado Natural Heritage Program (CNHP) and Colorado 
Parks and Wildlife (CPW) from cave surveys conducted on the White River National Forest in 2013, and 
fulfills the reporting requirement for the Supplemental Project Agreement (11-CS-11021500-050) to a 
Master Challenge Cost Share Agreement (11-CS-11020000-045) between the USFS and CNHP.  The 
objectives of this project were to verify bat use at select caves during the maternity season, to evaluate 
suspected maternity roosts and hibernacula, to conduct surveys during the swarming season at known 
or suspected swarming sites, and to investigate the possibility of monitoring a maternity colony of 
individually marked Corynorhinus townsendii at Elephant Mountain Mine.  Another priority of this 
project was to survey caves for any evidence of WNS.  Such evidence might include dead bats within or 
near features, bats with abnormal scarring on their wings, or any external indication of fungal growth on 
observed bats.  During the surveys conducted in 2013, no evidence or suspicion of the presence of 
White-nose Syndrome was encountered. 
 
In 2013, CNHP conducted surveys at 11 caves and one mine.  The majority of cave surveys took place in 
July during the maternity season.  In addition, CNHP personnel assisted with swarming surveys at 5 
caves, population monitoring at Elephant Mountain Mine, and evaluated the status of Bulldog Creek 
Mine.  Personnel from CPW conducted surveys at 8 caves, most of which occurred during the autumn 
and winter periods.  CPW staff also coordinated and conducted swarming survey efforts at 8 sites (3 on 
Bureau of Land Management lands) and led the pilot efforts for population monitoring at Elephant 
Mountain Mine.  Results from these efforts are presented along with recommendations for future work 
and measures for protecting these resources. 
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Methods 
 
Evidence of bat activity was documented using multiple survey methods, including internal underground 
surveys, external trapping surveys, visual observations of swarming activity, acoustic surveys using 
ultrasonic detectors, and external surveys with infrared video equipment. Entry into caves was 
permitted by Exemption Authorizations to Emergency Closure Order #R2-11-02 and White River 
National Forest Order #2013-14 (Prohibitions and Restrictions on Cave Access).  
 
We conducted internal surveys to determine the presence or apparent absence of bats, as well as the 
degree and seasonality of use.  Sites were surveyed during seasons that corresponded with specific 
suspected usage (e.g., maternity roost, swarming) or to confirm use as a hibernaculum, which relates 
directly to WNS concerns. Survey activities consisted of entering the cave or mine to gather bat 
presence information, to estimate the number and identify the species of bats, to collect temperature 
and humidity data, and to gather soil samples if appropriate.  Time spent in each cave or mine was kept 
to a minimum, and internal survey data were collected only when activities did not pose a threat to 
roosting bats.  As part of an effort to gather baseline microclimate data for caves and mines, 
temperature and humidity dataloggers (Hygrochron Temperature/Humidity Logger iButton, model 
DS1923, Maxim Integrated, San Jose, CA) were placed in select caves.  Each datalogger was programmed 
to collect data every 3 hours, allowing sufficient memory space for over 1 year of data collection.  The 
microclimate data collected from these surveys will be compiled, with similar data collected in other 
parts of Colorado, to evaluate potential suitable habitat in the state for Pseudogymnoascus destructans 
(Pd), the causative agent of WNS.  Microclimate surveys were conducted at caves known or suspected to 
have high bat use and those visited during the National Speleological Society Convention in Glenwood 
Springs, CO in the summer of 2011.  The number of dataloggers placed in each cave was dependent 
upon complexity and internal accessibility.  Experienced cavers from the caving community were 
recruited to assist with internal surveys and the deployment of dataloggers in caves that required 
significant caving experience to navigate safely (namely Fixin’-to-Die and Premonition caves).  
Dataloggers were retrieved from 8 caves in 2013, and microclimate data are presented in each cave 
account.   

At various caves, ultrasonic acoustic detectors (Models SM2 or EM3+, Wildlife Acoustics, Inc., Concord, 
MA) were deployed to record bat vocalizations. Recordings were analyzed using SonoBat 3.1.5 (SonoBat, 
Arcata, CA) and vocalizations were compared to reference bat calls from the Great Basin bat call library 
(SonoBat, Arcata, CA).  Call analysis parameters were set to use a discriminant probability threshold of 
0.9 and an acceptable call quality of 0.8 with a maximum of 8 calls.  The discriminant probability refers 
to the probability of a call sequence falling within the centroid of the multi-dimensional data space for 
reference calls for a species.  Two outputs result from the analysis for assessing the likelihood of a call 
sequence matching reference calls from a particular species.  The “sequence classification by vote” 
identifies the species by requiring that the species with the greatest number of calls classified be at least 
twice as prevalent as the sum of the 2nd and 3rd most abundant species classifications.  The second 
output, the “mean sequence classification”, is based on the mean parameter values of the most 
prevalent classification group then uses these mean values (minimum of 2 calls) through a decision tree 



3 
 

engine.   If the values fall below the minimum threshold for a classification group, the call is not 
attributed to that group, but instead is displayed with the species groups that sum to the thresholds for 
the last decision tree step attained.  A consensus value is also generated, which indicates the species 
designation if determined by both methods.  We report species determinations based on this consensus 
value.  If a consensus value is not attained, we report the call as a general classification of high 
frequency or low frequency species. 

Video data in most cases were collected using cameras equipped with infrared (IR) capabilities (Model 
HDR-CX560V, Sony Electronics, San Diego, CA) supplemented with external IR lights (IRLamp6, Bat 
Conservation and Management, Inc., Carlisle, PA). Cameras were placed at cave entrances to document 
flights in and out of a cave. Data were analyzed by visually inspecting video segments and counting the 
number of bat passes during the session. We did not attempt to identify bats to species during video 
analysis.    

To increase the accuracy of counts at Elephant Mountain Mine, which has an unusually large number of 
individuals, we used video surveillance cameras that image in the ‘thermal’ spectrum of infrared light 
(approximately 9,000–14,000 nm; Model Q1921-E w/ 19-mm lens, Axis Communications, Lund, Sweden) 
and which require no supplemental illumination. The effective sensor array size of the cameras was 384 
x 288 pixels, and we recorded digital video to digital storage cards in the camera at a rate of 30 frames 
per second (H.264 advanced video compression codec). In addition to thermal imagery, we used near-
infrared (NIR) video cameras (Model P1343-E, Axis Communications, Lund, Sweden) and NIR illuminators 
(Model IRLamp6, Wildlife Engineering, Tucson, AZ) to gather concurrent, supplemental imagery of bats. 
The effective sensor array size of the cameras was 800 x 600 pixels, and we recorded digital video to 
digital storage cards in the camera at a rate of 30 frames per second (H.264 advanced video 
compression codec). It is difficult to see visual details or judge depth of field from thermal imagery alone 
and NIR imagery helped us judge spatial relationships among flying bats and to gather additional details 
about their flight behaviors. These NIR cameras and illuminators operate at wavelengths of light ranging 
from 700–1,000 nanometers (nm) that fall outside the visible spectrum of bats (Hope and Bhatnagar 
1979; Mistry and McCracken 1990; Winter et al. 2003; Müller et al. 2009).   

We conducted swarming surveys on several dates during the autumn and attempted to quantify 
behaviors by tallying the number of passes by bats at a portal, chasing and mating events, and landings 
(See Appendix for datasheets).  A coordinated swarming survey was conducted on September 20-21, 
2013 in the Deep Creek area at caves where swarming was known or suspected and that were in 
relatively close proximity to one another. The focus of this survey effort was to evaluate swarming 
activity at a site with known swarming (Groaning Cave) and determine swarming levels at other caves 
nearby on the same nights. We were also interested in the inter-cave movements of bats during the 
swarming season and affixed glow tags to a limited number of bats in an attempt to document 
movement among swarming sites on the same night.  Surveys at more isolated caves were also 
conducted at other times during the swarming season.  
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Results 
 
A total of 16 caves and 3 mines on the White River National Forest were surveyed during 27 visits in 
2013.  Several sites that were visited during past efforts were revisited as improvements in monitoring 
equipment and increased assistance allowed us to more thoroughly survey and monitor them.  Bat 
species names and abbreviations are found in Table 1 and data from each visit are briefly summarized in 
Table 2 below.  The following section provides specific information regarding the 2013 survey effort as 
well as recommendations for each cave and mine visited.  Microclimate data are provided for each cave 
in which iButtons were deployed.  Survey results specific to the swarming survey are provided in the 
next section, and a table summarizing use at all features visited follows (Table 31).  Finally, results from 
the population monitoring and video effort at Elephant Mountain Mine are provided. 
 
Table 1.  Scientific names, species abbreviations, and common names of bat species noted in this report.  

Species Name Abbreviation Common Name 
Corynorhinus townsendii COTO Townsend’s big-eared bat 
Eptesicus fuscus EPFU Big brown bat 
Lasionycteris noctivagans LANO Silver-haired bat 
Euderma maculatum EUMA Spotted bat 
Lasiurus cinereus LACI Hoary bat 
Myotis californicus MYCA California myotis 
Myotis ciliolabrum MYCI Western small-footed myotis 
Myotis evotis MYEV Long-eared myotis 
Myotis lucifugus MYLU Little brown myotis 
Myotis thysanodes MYTH Fringed myotis 
Myotis volans MYVO Long-legged myotis 
Myotis yumanensis MYYU Yuma myotis 
Parastrellus hesperus PAHE Canyon bat 

 
 
Table 2.  Summary of surveys conducted at caves and mines on the White River National Forest in 2013. 
Cave Name Date Type of Survey Dataloggers Bat Activity Summary 

Bair 2/13/2013 internal  N 9 hibernating COTO 

 9/21/2013 internal Y – 3 
deployed 1 COTO roosting 

BC-2 Mine 7/30/2013 partial internal N No bats observed and minimal evidence 
of bat use during the summer. 

Bulldog Mine 7/30/2013 partial internal N Sprinkled guano in some areas. Some of 
mine inaccessible. 

Charlotte’s  7/9/2013 internal N Mist netting captures: 24 MYVO, 2 
MYLU, 4 MYEV, 1 MYCI, 1 COTO 

Columbine 8/6/2013 internal N Trace guano, but no other bat evidence. 
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Table 2 (continued).  Summary of surveys conducted at caves and mines on the White River National 
Forest in 2013. 
Cave Name Date Type of Survey Dataloggers Bat Activity Summary 

Elephant 
Mountain 
Mine 

7/30/2013 

hoop reader 
check and 
video 
surveillance 

N 

Large colony of COTO present in the 
summer/maternity season based on 
video surveillance.  PIT recorder 
detected 42 individuals with over 1,100 
detections over a 2 week period in July. 

Five 
Windows 7/10/2013 internal Y – 5 

retrieved 
No bats observed and minimal evidence 
of bat use.  

Fixin-to-Die 9/21/2013 internal, 
swarming 

Y –  5 
retrieved 

Many passes counted during one night 
of monitoring. 

Flycatcher 8/5/2013 internal N No bats observed and minimal evidence 
of bat use. 

Fulford 7/23/2013 partial internal Y – 8 
retrieved 

No bats observed and minimal evidence 
of bat use. 

Fulton 8/6/2013 internal N No bats observed but modest 
accumulations of guano in Boot Room. 

Fulton 
Resurgence 8/6/2013 internal N No bats observed and minimal evidence 

of bat use. 

Groaning 9/20 and 
9/21/2013 

internal, 
swarming 

Y –5 
retrieved 

Prototypical swarming observed on 
both nights of monitoring.  High activity 
with chasing, squeaking, and copulation 
events. 

 10/31/2013 partial internal  Y  – 1 
swapped 

One datalogger swapped and photos 
using ultra violet light taken of 1 bat. 

Hubbards 7/25/2013 internal Y – 7 
swapped No bats observed. 

 9/20/2013  swarming N 
High numbers of passes noted during 
one night of effort at the West 
Entrance. 

Indian  9/21/2013 internal N No bats observed and minimal evidence 
of bat use. 

Lime Creek 7/31/2013 partial internal  Y – 5 
retrieved 

No bats observed, but some guano 
accumulations in Lime Creek Hall. 

Powerline 7/31/2013 internal N 
No bats observed and minimal evidence 
of bat use, scattered guano. No 
maternity roosting suspected. 

Spring 5/21/2013 internal, 
swarming 

Y – 4 
swapped 

1 COTO and 1 Myotis sp. /EPFU 
roosting. 

 9/19/2013  swarming N Modest numbers of passes noted. 
Thursday 
Morning 2/14/2013  internal N – checked 

existing 
7 COTO, 2 Myotis sp., and 1 unknown 
bat hibernating. 

 7/10/2013 partial internal  Y – 2 
retrieved No bats observed. 

 9/20 and 
9/21/2013 swarming N Many passes counted during 2 nights of 

monitoring. 
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Cave Visit Accounts 

Bair Cave 

Location Information: White River National Forest, Eagle Ranger District, Garfield County, 9,800 feet 

2013 Survey Effort: A complete internal hibernation survey was conducted in February and an internal 
survey during which 3 dataloggers were deployed was conducted in September. Nine hibernating 
Corynorhinus townsendii were observed during the February survey and a single individual was observed 
roosting during daylight hours on the September survey.   

Use Comments: The documentation of hibernation during this year’s effort is the first for this cave and 
represents one of the few attempts to access this area for bat surveys in the winter.  In 2012, Siemers et 
al. (2012) recorded 250 bat passes during an external acoustic survey of the west entrance and the 
activity they documented is similar to that observed by Mosch (2008a) during an internal survey in late 
June 2007 during which no bats were observed and 42 bat passes were detected during a 1 h 45 min 
survey.  Mosch (2009a) captured four bats (1 Myotis volans and 3 C. townsendii) during a harp trap 
survey conducted in September 2008.  Other bats (10 – 12 individuals) were observed inside the cave, 
tentatively identified as C. townsendii (Mosch 2009a), so it is likely that this site is being used as a day 
roost during this season and possibly as a transient roost based on the date of Mosch’s (2009a) survey 
(September 6, 2008).  Another harp trap survey was conducted in late July 2009 (Mosch 2009d) during 
which a single lactating female C. townsendii was captured while entering the cave. Mosch (2009d) 
speculates that this individual was returning to a maternity site within the cave, however only one 
individual was captured and it was entering the cave as opposed to exiting. 

Recommendations: Bair Cave is one of the few sites in the area at which bat hibernation has been 
documented.  Summer use has also been documented, but not to any great extent.  When considering 
bat resources in the area, Bair Cave should be recognized but it probably does not require a 
management plan specific to the site.     

 

 

 

 

 

 

 

 
East (left) and west (right) entrances to Bair Cave during the hibernation survey in February 2013. 
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BC-2 Mine 

Location Information: White River National Forest, Sopris Ranger District, Pitkin County, 7,751 feet 

2013 Survey Effort: This adit was originally surveyed as part of the Lost Trail Creek abandoned mine 
reclamation efforts in 2012.  The survey was limited by equipment and personnel on this first visit.  A 
partial internal survey was conducted in late July to survey more passage.  This complex feature includes 
an internal shaft and winze that could not be surveyed due to their hazardous nature. 

Use Comments: Guano and insect wrappers were noted from the entrance moving inward along the 
main adit.  Signs of use diminished deeper into the feature but may have been obscured by flooded 
floors.  Calcite deposits along wet walls and pooled water may provide an attractive resource to bats for 
drinking particularly as a calcium supplementation for females. 

Recommendations: The mine was recommended for gating after the 2012 surveys given the internal 
hazards and evidence of recent visitation.  Use of this feature during the winter is possible given its 
depth and complexity.  In addition, the pooled water and probable night roosting also support gating of 
this feature. 
 
 

Bulldog Mine 

Location Information: White River National Forest, Sopris Ranger District, Pitkin County, 8,150 feet 

2013 Survey Effort: A partial internal survey was conducted in late July.  The entrance was still intact and 
there was sufficient internal complexity within the structure to support a large number of bats.  There 
was scattered guano, some of which was fresh, throughout the feature, but no bats were observed. 

Use Comments: In August of 1998, an external harp trap survey was conducted during which 7 male and 
43 female Myotis ciliolabrum were captured (Siemers, unpublished data). Most of the females captured 
were lactating. This large aggregation of lactating females emerging at dusk is sufficient evidence to 
confirm this site as a maternity roost.  The full internal extent of the mine was not surveyed during this 
year’s effort due to hazardous conditions, but sufficient evidence of internal complexity was observed. 

Recommendations: Based on the number of bats observed during the maternity season in 1998 and the 
internal complexity observed this year, further survey of this mine is warranted.  An acoustic and/or 
external trapping survey would be appropriate.  If maternity roosting can be shown to still occur at this 
mine, consideration should be given to the long-term monitoring of this site. This would add to the 
limited data on Myotis maternity sites in Colorado and serve as a WNS surveillance site.  Even though 
WNS affects bats during the hibernation season, baseline data on the population status of all bat species 
during all seasons are needed.  The mine should be considered for gating as highly unstable internal 
passages present unsafe conditions for the public.  A beaten path to the mine suggests that public visits 
probably occur on a limited basis. 
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Charlotte’s Cave 

Location Information: White River National Forest, Rifle Ranger District, Garfield County, 8,650 feet 
 
2013 Survey Effort: A partial internal survey followed by acoustic and mist net surveys were conducted 
in early July.  No bats were observed during the internal survey, which went as far as Lake Charlotte.  
The mist net survey documented 32 bats, most of which were Myotis volans (Table 3). All bats were 
entering the cave, presumably to night roost or drink, based on the side of the mist net in which they 
were captured. Ambient temperatures within the cave ranged between 7° - 13°C and surface 
temperatures ranged between -5° - 1°C.  Guano accumulations and insect wings were noted in several 
locations. 

 Table 3. Mist net captures for Charlotte’s Cave from July 9, 2013. 
 
 
 
 
 
 
 

 
 Table 4. Acoustic recording totals for Charlotte’s Cave from July 9, 2013. 

 
 
 
 
 
 
 
 
 

 
Use Comments: A mist net survey in August of 2009 documented 2 C. townsendii, 15 Myotis volans, 2 M. 
lucifugus, 1 M. evotis, and 1 M. ciliolabrum (Mosch 2009c).  Within her report, Mosch (2009c) also 
relates an account of >12 C. townsendii roosting in the front area of the cave in the early summer of 
1997 and other bat activity observed at dusk during surveys conducted by cavers since 2002.  Since the 
observation in 1997, no bats have been seen roosting in the front area of the cave. The mist net data 
collected during 2013 are very similar to those collected in 2009.  During the 2013 survey, we noted that 
all bats were entering the cave, as opposed to emerging from a day roost, based on the side of the mist 
net in which they were captured.  Cold temperatures and guano droppings suggest this cave may be 
used by non-reproductive females and bachelor males for occasional day roosting, as a night roost, and 
has potential as a winter hibernacula (Table 5). 

Species  Adult Males Adult Females Total 
Corynorhinus townsendii 1 0 1 
Myotis ciliolabrum 1 0 1 
Myotis evotis 3 1 4 
Myotis lucifugus 2 0 2 
Myotis volans 13 11 24 
TOTAL 20 12 32 

Species Classification Number of Passes 
Myotis californicus 3 
Myotis ciliolabrum 38 
Myotis evotis 9 
Myotis lucifugus 48 
Myotis volans 8 
Myotis yumanensis 1 
Hi Frequency species 302 
Lo Frequency species 6 
TOTAL 415 
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Table 5.  Observations for Charlotte’s Cave internal survey on July 9, 2013.  Locations refer to names as 
depicted on map in Mosch (2009c). 

Observations and Location Descriptions Photo 
Temperatures just beyond the drip line were warm (26.5°C ambient/20.7°C surface/24.0% 
RH). Yes 

Scattered droppings under alcove suggesting limited night roosting.  
Wet rocks, mud, and colder climate just past the end of the alcove in twilight zone 
suggesting the floor was recently flooded (13.5°C ambient/-2.8°C surface/58.4% RH). Yes 

Scattered pieces of guano just before the first pool on left side of main room.   
Guano accumulations on boulder strewn floor (7.5°C ambient/0.4°C surface/79.6% RH) just 
before Lake Charlotte.  Yes 

 
 
Recommendations: This cave is relatively difficult to access and evidence of human visitation was 
minimal, although footprints were observed in the mud internally along with a stowed climbing rope. 
The sizeable amount of water in the back of the cave consisting of 2 lakes and a resurgence stream 
makes this a valuable resource for wildlife and the relatively large amount of bat use documented at this 
site is probably due to this water resource.  A winter survey is warranted but steep access with 
numerous avalanche chutes along the route makes such a visit difficult and dangerous.  Given the use by 
bats at this cave and its water features, further documentation of the amount of use at the site would 
be beneficial in guiding management actions.  The use of an unmanned monitoring device that tallies 
bat calls should be consider as a method of confirming winter use at this cave. 
 

 
   Guano accumulations in Charlotte’s Cave. 
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Columbine Cave 

Location Information: White River National Forest, Rifle Ranger District, Garfield County, 11,200 feet 

2013 Survey Effort: An internal survey was conducted in early August.  No bats were observed during 
the internal survey. Trace amounts of bat guano were observed as well as abundant pika (Ochotona 
princeps) pellets. The internal conditions of the cave were damp with relative humidity readings from 
90% - 100%.  Ambient temperatures ranged from 11.7° - 13.3°C and surface temperatures were 2.2° - 
8.3°C. 

Use Comments: Mosch (2009b, 2009f) visited this cave in 2008 and 2009 and noted potential roost 
locations during her internal surveys.  No bats were observed internally during surveys conducted by 
Mosch (2009b, 2009f) or during this survey.  The scant guano observed in 2013 is likely due to occasional 
use by night-roosting bats.   

Recommendations: Given the high elevation of this site and the limited evidence of use documented 
during this study and by Mosch (2009b, 2009f), resources should be directed elsewhere for bat 
conservation. 

 
Five Windows Cave 

Location Information: White River National Forest, Eagle Ranger District, Garfield County, 9,000 feet 

2013 Survey Effort: A complete internal survey was conducted and dataloggers were retrieved in July 
(Table 6).  Some guano flecks were observed on walls near Window Entrances. No bats were observed. 

Use Comments: Trace amounts of guano were observed during the internal survey in July, and much 
packrat (Neotoma sp.) feces was seen.  An internal survey conducted in late June 2007 (Mosch 2008a) 
documented some guano, but no observations of bats were made.  There are unconfirmed reports of 
bats and guano in one of the larger rooms of this cave (Reames 2011). 

Table 6.  Observations for Five Windows Cave internal survey on July 10, 2013.  Locations refer to names 
as depicted on map by D. Lambert in Reames (2011) . 

Observations and Location Descriptions Datalogger 
Collected datalogger #1 from a location approx. 40 ft. north from northernmost 
Window Entrance approximately 5 feet high.  Yes 

Collected datalogger #2, which had fallen to the floor and was covered with sticks, likely 
from a packrat. Originally, the datalogger was placed approx. 7 ft. from the floor. Yes 

Collected datalogger #3 from location approx. 50 ft. in from Main Entrance, on wall 
approx. 9 feet high. (15.6°C ambient/10.5°C surface/67% RH). Yes 

Collected datalogger #4 from a location approx. 40 ft. from southeastern Window 
Entrance, on wall approx. 9 ft. high. (13.4°C ambient/8.1°C surface/61.5% RH). Yes 

Collected datalogger #5 from a location 7 ft. high on wall at northernmost junction in 
the eastern passage. Yes 
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Datalogger #2 from Five Windows Cave, which was found covered by sticks 
on the floor of the cave. 

 

Recommendations: Limited bat use has been documented at Five Windows Cave.  Microclimate data 
indicate the possibility of persistence of Pd at this location, at least for part of the year, but 
temperatures were relatively high reaching 13.6°C at one location. Relative humidity levels were not 
exceptionally high and fluctuated greatly, with levels below 20% recorded at 4 of the 5 datalogger 
locations (Table 7, Figure 1).  Given the limited evidence of use documented during this study and by 
Mosch (2008a), resources should be directed elsewhere for bat conservation.  

Table 7.  Summary of microclimate data from iButton dataloggers in Five Windows Cave collected 
between July 11, 2012 and July 10, 2013. 
iButton  Temperature Records  Mean (°C) STDEV  Minimum  Maximum  
1 2913 6.87 3.78 1.59 12.13 
2  2913 4.59 3.79 -2.97 11.07 
3 2913 5.99 5.24 -1.48 13.57 
4 2912 6.69 2.04 2.06 10.09 
5 2912 7.19 1.96 3.06 11.08 
      

iButton  Humidity Records  Mean (%RH*)  STDEV  Minimum  Maximum  
1  2913 60.13 21.91 18.72 100.17 
2  2913 76.66 12.13 38.97 102.02 
3 2913 61.18 17.77 14.72 100.68 
4 2912 60.28 23.36 15.71 101.06 
5 2912 58.85 24.66 15.96 114.16 
*RH is not corrected for sensor saturation which may result in RH above 100%. 
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Figure 1. Temperature (A) and humidity (B) levels for datalogger #4 in Five Windows Cave.  Data were 
collected from July 11, 2012 to July 10, 2013. 
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Fixin’-to-Die Cave 

Location Information: White River National Forest, Eagle Ranger District, Eagle County, 9,840 feet 

2013 Survey Effort: A limited partial internal survey of this extensive feature was conducted and 
dataloggers were retrieved September 21 by CPW, NPS, and caving volunteers. Bats were observed 
several times during the internal survey and guano was noted in all passages that were traversed.  
Swarming data were collected on one night in September and exhibited very high levels of activity both 
internally and externally in comparison to other caves in the area (see Swarming Section below). 

Use Comments: Survey work by Mosch (2009e) in the late summer of 2008 verified use of the site by 
several species of Myotis during the summer and summarized previous notations of bats and their sign.  
Harp trap results for this effort verified day roosting and activity later in the night confirmed night 
roosting.  Several of these notations included dead bats and naming conventions within the cave 
indicate high levels of bat use (e.g. Guano Room, Dead Bat Pool; Table 9 and photo below).  An internal 
visit to the cave in mid-September 2012 noted guano in all passages surveyed along with several bats, 
both torpid and in flight, verifying that the site is used as a transitional roost.  The larger piles of guano 
found in several locations indicate that the cave may also be used as a maternity roost although one has 
never been confirmed and internal temperatures do not appear ideal for such use.  An external acoustic 
and internal visual swarming survey conducted during the same visit in 2012 noted 517 passes over 4 
hours which is comparable to that of the well documented swarming activity seen at Groaning Cave 
(614) approximately  0.5 mile to the east.  Survey work in 2013 noted two bats towards the front portion 
of the cave.  A small blonde bat, possibly a Myotis yumanensis, M. ciliolabrum or M. californicus was 
roosting in the same dome as datalogger 1 (Table 8).  About 10 feet further into the passage a second 
bat, likely a M. lucifugus or M. volans based on size and coloration was roosting out in the open on the 
ceiling.  All dataloggers avoided saturation shortages with data from them suggesting that the cave’s 
temperatures and humidity levels are suitable for Pd to persist.   Swarming work in 2013 continued to 
show high levels of activity at this site with 1,087 passes over 4 hours or an average of 247 passes per 
hour (See Swarming Section below).  These activity levels double those recorded in 2012 at Fixin’-to-Die 
Cave and are higher than levels recorded on either night at Groaning Cave (965, 721) in 2013.  A limited 
mist-net capture effort to affix yellow glow tags on bats yielded 8 males of 4 species (Table 9). 
 
Microclimate data at Fixin’-to-Die Cave suggest that in the majority of this cave, an extremely consistent 
environment is maintained with cold temperatures and high relative humidity levels (Table 10).  Both 
temperature and humidity fluctuated the greatest for the datalogger placed closest to the entrance, but 
even these were modest compared to other caves in the same drainage (Figure 2).  These 
measurements would provide an ideal roosting climate for hibernating bats but also could support 
growth and persistence of Pd. 
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Table 8.  Observations and datalogger locations for Fixin’-to-Die Cave survey on September 21, 2013.  
Locations refer to names as depicted on map by D. Bristol in Reames (2011). 

Observations and Location Descriptions Photo Datalogger  
Collected datalogger #1 in the dome near the entrance and noted a 
small blonde Myotis species, possibly a MYYU or MYCA, roosting in a 
crack. 

Yes Yes 

Approximately 10 feet further into the passage a second Myotis 
species, this one based on darker pelage and size, probably a MYVO or 
MYLU.   

Collected datalogger #2 - walking passage just after oval passage and 
before turn off for Guano room (J survey).  Had condensation on it.  Yes 

Collected datalogger #3 – Guano Room.   Yes 
Collected datalogger #4 – passage leading to Guano Room.   Yes 
Collected datalogger #5 - passage called The Bedroom between the 
two handlines. Had condensation on it.   Yes 

Followed passage to Hanging Lake where the pool was unexpectedly 
low in comparison to previous visits by one of the surveyors.   
Pursued several other small leads with no bat sightings.   
Returned to the canyon rim using the Roybals climb (class 4) which 
worked well coming up but would not be good with gear going down.   

 
Recommendations:  Although Fixin’-to-Die Cave is approximately 0.5 mile away from neighboring 
Groaning Cave, which is better known for swarming use, its use by bats, both in number and use type, 
may be greater. Based on the extensive use of this cave by bats, Fixin’-to-Die warrants a management 
plan similar to Groaning Cave that monitors and regulates use. Despite two internal surveys, extensive 
passages in the cave still remain unsurveyed for bats.  Efforts to reach these areas could further our 
overall understanding of bat use at this cave.  The cave’s coordinates are available on the internet, 
making its location widely available to the general public, but difficult access may provide some security 
from overuse. Disturbance of bats may still occur by inexperienced cavers and decontamination for WNS 
purposes will be important as bat-to-bat interactions at this site likely connect it to other caves in this 
drainage.  Conservation of this site and its use by bats should be a high priority when considering cave 
management on the White River National Forest. 
 
Table 9.  Summary of limited mist-netting effort at Fixin’-to-Die Cave on September 21, 2013. 

 
 
 
 
 
 

 

 

Species Number Glow Tag 
Myotis lucifugus 1 1 
Myotis thysanodes 1 1 
Myotis volans 4 2 
Myotis yumanensis 2 -- 
TOTAL 8 4 
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Table 10.  Summary of microclimate data from iButton dataloggers in Fixin’-to-Die Cave collected 
between September 15, 2012 and September 14, 2013. 
iButton  Temperature Records  Mean (°C) STDEV  Minimum  Maximum  
1 2,969  4.65  3.65 -0.45  11.09  
2  2,969  3.63 0.11  3.61  4.11  
3 2,969  4.09  0.00  4.09  4.09  
4 2,969  4.09 0.11  4.07  4.58  
5 2,969  4.59  0.02 4.09  4.59  
      

iButton  Humidity Records  Mean (%RH*)  STDEV  Minimum  Maximum  
1  2,969  100.20  10.04  41.53  109.07  
2  2,969  107.46  0.96  102.87  109.93  
3 2,969  108.31  0.78  103.61  110.58  
4 2,969  107.27  0.73  102.84  109.20  
5 2,969  107.47  0.72  103.41  109.62  
*RH is not corrected for sensor saturation which may result in RH above 100%.
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Figure 2. Temperature (A) and humidity (B) levels for datalogger #1 in Fixin’-to-Die Cave by roosting bats 
during 2012 and 2013 surveys.  Data were collected from September 15, 2012 to September 21, 2013. 
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Flycatcher Cave 

Location Information: White River National Forest, Blanco Ranger District, Garfield County, 10,300 feet 

2013 Survey Effort: An internal survey was conducted in early August.  A strong resurgence stream was 
flowing out of the cave and about 100 feet downstream pours over a waterfall into Patterson Creek.   

Use Comments: The cave has a cool, wet microclimate (entrance: 11.7°C ambient/4.4°C surface/71% RH) 
similar to the other resurgence caves found in the watershed.  The stream floods the entire floor 
passage (which would obscure any guano or insect wrappers) and most portions of the walls and ceiling 
were wet as well. No bats were observed during the internal survey.  A flycatcher nest, the cave’s 
namesake given by caver D. Davis upon its discovery in the 1960’s, was noted just inside the entrance 
and appears to be in use.   

Recommendations: Given the extremely wet nature of this cave, including the walls and ceiling, and its 
relatively small size it is unlikely to be used by bats to any significant degree and resources should be 
directed elsewhere for bat conservation. 

 
Fulford Cave 

Location Information: White River National Forest, Eagle Ranger District, Eagle County, 10,000 feet 
 
2013 Survey Effort: A limited partial internal survey was conducted and dataloggers were retrieved in 
July (Table 11).  No bats were observed during the internal survey. 
 
Use Comments: Some bat use has been documented over the years, although large numbers have never 
been reported. Mosch (2011b) observed one bat roosting near the upper entrance during a fairly 
extensive internal survey in July 2011.  Mosch (2010a) did not observe any bats during an internal survey 
during September 2010, however 15 Myotis volans, 2 M. evotis, and 1 M. yumanensis were captured 
during a harp trap survey the following night. Ten M. lucifugus and 2 M. evotis were captured during a 
trapping survey in September of 2001 (Siemers 2002). Another mist netting effort from August 1998 
(Siemers, unpublished data) documented 11 M. ciliolabrum and 6 M. lucifugus. This site is used as a day 
and night roost, and likely a transitional roost for a limited number of bats.  Swarming activity has not 
been documented despite surveys during the swarming season. It is possible this site is used as a 
hibernaculum as the temperatures appear to be suitable, but this has not been verified. 

Recommendations: Because of its close proximity to a campground and well-advertised location, this 
site receives a large amount of human visitation.  Winter access issues deter visitation during the 
hibernation season, but visits to the cave are still possible. Given the near-freezing temperatures 
recorded for most of the dataloggers throughout the cave (Table 12), a winter survey is warranted.  The 
degree to which this cave is visited by the general public needs to be considered in any management 
action at this site as many of these individuals are unlikely to follow decontamination protocols. If bats 
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are using this site during the hibernation season and human visitation continues at the level it has in the 
past, the potential for human transmission of Pd would be higher than for most other sites in Colorado. 

Table 11.  Observations for Fulford Cave internal survey on July 23, 2013.  Locations refer to names as 
depicted on map by Parris (1973) and Mosch (2011b). 

Observations and Location Descriptions Datalogger 
Collected datalogger #1 from ledge in a fissure approx. 8 ft. from the floor just to the 
left of the Culvert Entrance.  Yes 

Unable to locate datalogger #2 from ledge approx. 20 ft. from the floor approx. 5 ft. 
before crawlway approx. 50 ft. after the initial descent from the Culvert Entrance.  
Location where datalogger was placed was found, but datalogger was missing. 

No 

Collected datalogger #3 from ledge in plain view approx. 5 ft. high looking back toward 
JFK Room, but underneath. Yes 

Collected datalogger #4 from the lower level after the Big Meander at the rope approx. 
5 ft. up from the 3rd knot in the rope. Yes 

Collected datalogger #5 from room upslope from the Big Meander approx. 8 ft. up on 
the right as room wraps back toward the right. Yes 

Collected datalogger #6 from a small pocket in large room at the northwest of the cave 
– at the top of the upslope, just before another small room.   Yes 

Unable to locate datalogger #7 from small hole on an overhang in the small room above 
the entrance/descent into the Lower Room.  Location where datalogger was placed was 
found, but datalogger was missing. 

No 

Collected datalogger #8 from location approx. 40 ft. into the adit of the lower tunnel 
entrance.  In upper right corner of the adit. Yes 

 
Table 12.  Summary of microclimate data from iButton dataloggers in Fulford Cave collected between 
July 22, 2012 and July 23, 2013. 
iButton  Temperature Records  Mean (°C) STDEV  Minimum  Maximum  
1 2929 1.02 1.53 -1.46 3.56 
2 - missing - - - - - 
3 2929 1.26 0.65 0.04 2.05 
4 2929 0.73 0.71 -0.43 1.59 
5 2929 1.70 0.71 0.54 3.05 
6 2928 2.18 0.68 1.09 3.10 
7 - missing - - - - - 
8 2928 1.91 1.17 -0.98 3.54 
      

iButton  Humidity Records Mean (%RH*)  STDEV  Minimum  Maximum  
1  2929 108.05 0.92 100.30 110.54 
2 - missing - - - - - 
3 2929 107.28 2.33 94.74 110.91 
4 2929 103.10 5.73 81.30 108.70 
5 2929 107.83 1.91 93.57 111.71 
6 2928 111.26 1.65 103.50 114.20 
7 - missing - - - - - 
8 2928 100.83 12.94 53.03 110.58 
*RH is not corrected for sensor saturation which may result in RH above 100%. 
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Figure 3. Temperature (A) and humidity (B) levels for datalogger #6 in Fulford Cave.  Data were collected 
from July 22, 2012 to July 23, 2013. 
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Fulton Cave 

Location Information: White River National Forest, Blanco Ranger District, Garfield County, 10,050 feet 

2013 Survey Effort: A full internal survey was conducted in early August.  A strong, cold resurgence 
stream up to 3 feet deep in pooled locations runs through much of this cave and made the use of 
waders a good idea.   

Use Comments: This cave was discovered by D. Davis, an avid cave explorer, in 1962 (Parris 1973).  No 
bats were observed during the internal survey in 2013. However, accumulations of guano in multiple 
locations, particularly in the Boot Room, suggest that the cave is used by bats seasonally. Scattered 
droppings in the front portion of the cave are likely from night roosting bats. Cold temperatures coupled 
with the northerly aspect suggest that this site could be used as a hibernaculum, particularly in the 
deeper portions of the cave.   

Recommendations: A mist netting effort in the summer would likely reveal this cave to be used as a 
night roost.  Investigating the cave’s use for swarming purposes and as a hibernaculum is recommended 
given the ample signs of use by bats noted in the Boot Room (guano).  Swarming surveys in September 
are possible, depending upon access conditions, and could potentially be done in concert with Fulton 
Resurgence and Spring Caves. Winter access will be extremely difficult given the remote and rugged 
nature of this cave’s location.  In addition to its use by bats, the Boot Room is well-decorated with cave 
formations.  Consequently, despite the remote location, a cave management plan is recommended to 
help regulate the amount of visitation to this cave. 

Table 13.  Observations and notations for Fulton Cave surveyed on August 6, 2013.  Locations refer to 
names as depicted on Fulton Cave map by Parris (1973). 

Observations and Location Descriptions Photo 
Entrance temperatures at 11:45 am were cool as large thunder showers were moving through 
the area (16°C ambient/8.9°C surface/63% RH). Yes 

Scattered guano, a ceiling pocketed by wet dripping areas, and large break down material was 
noted throughout the first large room before the resurgence stream is reached (10.6°C 
ambient/5°C surface/76% RH). 

Yes 

Signs of guano on the walls along the passage with the stream were relatively scarce.   Yes 
After the pinch and upon entering the Boot Room the microclimate remained similar to the 
front portions of the cave but signs of guano accumulations became more prevalent (10°C 
ambient/4.4°C surface/76% RH). 

Yes 

Guano scattered throughout the Boot room with somewhat concentrated accumulations and 
drier roosting pockets in the heel portion (9.4°C ambient/3.9°C surface/75% RH).  This 
passage is highly decorated and should be considered sensitive to over-visitation. 

No 
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Guano droppings and flow stone formations in the Boot Room of Fulton Cave. 

 

Entrance to Fulton Resurgence Cave. 

 

     

 
 
Fulton Resurgence Cave 

Location Information: White River National Forest, Blanco Ranger District, Garfield County, 9,973 feet 

2013 Survey Effort: A full internal survey was conducted in early August on the same day that Fulton 
Cave was visited.  No bats were observed during the internal survey.   

Use Comments: A few pieces of guano were found 
scattered about the cave floor but no roosting bats were 
noted during this survey.  Previous visits to this cave by 
Potter (2013) for Black Swift (Cypseloides niger) surveys 
have noted bats using the cave in limited numbers.  Such 
patterns suggest occasional use as a night roost and 
rarely as day and transition roosts by individuals only. 

Recommendations: Continue managing this cave with an 
emphasis on Black Swift use.  Recreational caving 
opportunities are minimal as is use by bats.  Findings 
noted by Potter (2013) suggest that bat activity similar to 
what is expected for swarming may occur at the cave and 
should be investigated simultaneous to any Fulton and 
Spring Cave survey efforts for this behavior, if possible. 
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Groaning Cave 

Location Information: White River National Forest, Eagle Ranger District, Eagle County, 9,900 feet 

2013 Survey Effort: A limited partial internal survey reaching the Hall of the White Forest was conducted 
and iButtons were swapped in September. Swarming data were collected on two consecutive nights in 
September and exhibited high levels of activity both internal and external in comparison to other caves 
in the area (See Swarming Section below).  A visit to the first few passages of the cave were surveyed in 
late October to confirm use by hibernating bats noted in 2012 and to collect photos for a study analyzing 
use of ultra-violet light to detect WNS. 

Use Comments: One torpid bat was observed during an internal survey in September of 2012 suggesting 
some transitional roost use is occurring.  A second limited partial internal survey was conducted in 
December of 2012 to look for hibernating bats and investigate new passages for bat use.  Twenty-three 
torpid bats, mostly Myotis species, were documented on this visit confirming that the cave is used as a 
hibernaculum as well. Internal temperatures and humidity readings collected with dataloggers appear to 
provide a highly suitable microclimate for hibernating bats and growth of Pd (Tables 14 & 15). This cave 
is very humid, to the point that 2 of the 4 dataloggers installed in 2011 had become saturated and 
subsequently shorted out by the time they were collected in the early fall of 2012.  In 2013, a partial 
internal survey followed the standard route towards the back of the cave via parts of the CSU passage, 
wormhole, decapacitator, the cache and J series with guano droppings scattered along all stretches.  The 
survey reached the Hall of the White Forest where scattered droppings were noted along with a dead 
bat before turning back (Table 14).  The specimen appeared older with almost no fur, but the rate at 
which decomposition, and thus time since the bat died, is difficult to estimate.  The microclimate of the 
hall appears suitable for hibernation as do most of these mid-cave passages.  Similar to 2012, 4 of the 5 
dataloggers retrieved in 2013 had saturated and subsequently failed.  Dataloggers swapped in 2013 
were repositioned to avoid such saturation.  A second visit on October 31st was conducted to collect a 
photograph of a Myotis lucifugus under ultra-violet lighting as part of a WNS detection study.  Snowy 
conditions inhibited access to the cave and kept the survey short in duration, only proceeding as far as 
the first half of the CSU passage with 4 bats noted (3 M. volans and 1 M. lucifugus).  The logger at the 
first junction was placed in plastic tubing at this time to test if adequate protection of the device was 
possible given such high humidity levels.   

Navo et al. (2002) and Englert (2008) verified and characterized swarming at this site. Efforts 
documenting this behavior in September of 2011 and 2012 continued to support previous findings.  
External visual swarming surveys conducted during these two years averaged 215 passes per hour over 
10 hours of monitoring.  In 2013, activity was lower with an average of 147 passes per hour over 8 hours 
of monitoring. The 3-year average from 2011 to 2013 was 185 passes per hour over 18 hours of 
monitoring (See Swarming Section below). A limited mist-net effort was implemented to capture bats 
for marking with glow tags simultaneous to efforts at Fixin’-to-Die and Thursday Morning caves.  A total 
of 28 bats from 4 species, all males, were captured in 45 minutes of effort with 13 red/orange glow tags 
deployed (Table 16). Species discerned from acoustic calls in front of the cave were also noted with high 
numbers of Myotis species with the surprising absence of Myotis volans from this call set (Table 17). 
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Table 14.  Observations, notations, and datalogger deployment locations for Groaning Cave in 2013.  
Locations within the cave follow map names as depicted on maps by Parris (1973) and Reames (2011).  

Observations and Location Descriptions Photo Datalogger 

September 21, 2013 Survey   

Swapped datalogger #1 just before the gate, 1 bat noted flying here but species could 
not be determined.  Yes 

Swapped datalogger #4 near 1st Bypass.  Yes 
Surveyed CSU passage and datalogger #2, and through the wormhole, past the 
scissors and datalogger #3, the cannon ball, and on to the cache without seeing any 
bats but scattered guano was present in all passages with accumulations where 
openings choked down in size. 

Yes 
(2) Yes 

Continued to move quickly towards the “J” series and eventually reached the Hall of 
the White Forest where scattered guano and some small accumulations, were noted 
along with a dead bat (7.8°C ambient/3.3°C surface/83.6% RH). 

Yes  

The Black Cathedral had scattered droppings as well.   
Retraced the passages to just past the decapacitator/scissors and noted a flying bat 
that appeared to be a Myotis along with a moth wing (insect wrapper) nearby.  
Followed passage to datalogger #5 and swapped it out for a new one.  Yes 

October 31, 2013 Survey   

Swapped datalogger #4 for a new one encased in plastic tubing that will hopefully 
protect the device for humidity saturation (5.3°C ambient/3.1°C surface/85.5% RH). 

 Yes 

Found 3 MYVO in beginning of CSU passage.   
1 MYLU a short distance into passage to right of 1st Bypass where datalogger #4 is 
hung. Bat was photographed under ultraviolet light as part of a WNS detection study 
using UV photography. 

  

 
 
Table 15.  Summary of microclimate data from iButton dataloggers in Groaning Cave collected between 
September 15, 2012 and September 21, 2013. 
iButton  Temperature Records  Mean (°C) STDEV  Minimum  Maximum  
1 2,982  2.58  6.40  -1.95  7.11  
2  No data recovered – Datalogger never initiated data collection 
3 No data recovered – Battery short due to high humidity/saturation 
4 No data recovered – Battery short due to high humidity/saturation 
5 No data recovered – Battery short due to high humidity/saturation 
      

iButton  Humidity Records Mean (%RH*)  STDEV  Minimum  Maximum  
1  2,982  110.36  13.45  68.05  123.19  
2  No data recovered – Datalogger never initiated data collection 
3 No data recovered – Battery short due to high humidity/saturation 
4 No data recovered – Battery short due to high humidity/saturation 
5 No data recovered – Battery short due to high humidity/saturation 
*RH is not corrected for sensor saturation which may result in RH above 100%. 
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Saturated iButton datalogger, guano with fungus, and dead bat noted in Hall of the White Forest 
in Groaning Cave. 

 

Table 16.  Summary of limited mist-netting effort to capture bats for glow tags at Groaning Cave on 
September 20th - 21st, 2013. 
Species Number Glow Tag 
September 20th    

Myotis evotis 1  
Myotis lucifugus 1  
Myotis volans 15 3 
Myotis yumanensis 1  

September 21st     
Myotis lucifugus 3 3 
Myotis volans 7 7 

TOTAL 28 13 
 
 
Table 17.  Acoustic recording totals for the entrance to Groaning Cave collected September 21st, 2013 
during a 4-hour swarming survey. 

 

         

 
 
 
 

Species Classification Number of Passes 
Myotis ciliolabrum 1 
Myotis evotis 26 
Myotis lucifugus 26 
Myotis yumanensis 3 
Parastrellus hesperus 10 
Hi Frequency species 2,845 
Lo Frequency species 24 
TOTAL 2,935 
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Recommendations: Given this site’s importance to fall swarming and its role as a winter hibernaculum 
protection of this site should be high when considering cave management on the White River National 
Forest. Improvements to the current gate door could be made that allow for easier passage by bats. In 
addition, efforts should be made to survey deeper portions of the cave past the Hall of the White Forest 
using help from the caving community to determine use by bats. 

 
Hubbards Cave 

Location Information: White River National Forest, Eagle Ranger District, Eagle County, 7,000 feet 

2013 Survey Effort: In July of 2013 the same survey as previous years was conducted to swap 
dataloggers and verify bat use. In addition, a swarming survey was carried out on September 20 to 
coincide with efforts on Deep Creek (Table 18). 

Use Comments: Cavers reported large numbers of hibernating bats using Hubbards Cave in 1958 most of 
which were Corynorhinus townsendii (Potter 2005). A monitoring effort 10 years later by S. Altenbach 
counted 500 C. townsendii in December verifying this site as the largest known hibernaculum in 
Colorado and one of the largest C. townsendii hibernaculum known in North America. In 2005, efforts 
began to survey the cave in winter once every 3 years with counts ranging from 473 in 2005 to 585 in 
2009. A full internal survey with the exception of the Cherry Hill passage was conducted February 24, 
2012 to count hibernating bats and scan for individuals marked with PIT tags at Elephant Mountain Mine 
the previous summer and revealed 605 C. townsendii. Six marked individuals from that effort were 
verified hibernating in Hubbards Cave, which is approximately 30 miles from the mine.  A second full 
survey with the same exceptions as the previous visit was conducted to swap 7 dataloggers and collect 
swarming data in late August.  Five bats were observed during the internal survey, at least one of which 
was on the wing.  Swarming data were collected that evening during an external acoustic and visual 
survey with moderate levels of activity noted at the Western Entrance and lower levels at the Main and 
East Entrances (See Swarming Section below).  Microclimate data collected at Hubbards Cave suggest 
the site supports temperatures that are highly suitable for hibernating bats with humidity levels that 
range widely depending on location within the cave (Table 19). Humidity levels for dataloggers 4 and 5, 
both in the Western Parallel where the largest accumulations of hibernating bats occur, fall within the 
range required by Pd to grow but often fluctuate to lower levels (Figure 4). How this variation in 
humidity across the season affects the potential for Pd to establish and persist is unclear.  On July 25, 
2013 the cave was surveyed to swap dataloggers and verify bat use during the summer (Table 18).  Of 
the 7 dataloggers deployed in 2012, only datalogger #3, situated in the Gypsum Room, saturated and 
failed (Table 19).  No bats were noted during this visit and temperatures remained cold suggesting the 
cave is not suitable for reproductive females but could be used on a limited basis by day roosting 
bachelor males and night roosting individuals.  Temperatures and humidity’s throughout the cave would 
appear to be capable of supporting Pd (Table 19, Figure 4). 
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Table 18.  Observations, notations, and datalogger locations for Hubbards Cave during the July 25, 2013 
survey.  Locations within the cave follow names provided by Reames (2011). 

Observations and Location Descriptions Photo Datalogger 

Western Entrance at 1130 hrs (23.9°C ambient/18.6°C surface/30.0% RH).   
Swapped datalogger #1 in first room of Western Parallel.  Yes 

Swapped datalogger #5 in Western Parallel between two side passages to Main 
Parallel (17.5°C ambient/2.8°C surface/44.3% RH).  Yes 

Swapped datalogger #4 in Western Parallel.  Yes 

Swapped datalogger #3 in Gypsum Room (11.1°C ambient/4.0°C surface/55.0% 
RH).  Yes 

Checked the Grape Room for bat use, noted only scattered pieces of guano. Yes  
Swapped datalogger #6 near ladder and quickly scanned the back portion in the 
Main Parallel.  Yes 

Swapped datalogger #7 near ladder and scanned the remainder of the Eastern 
Parallel (7.0°C ambient/-1.6°C surface/60.7% RH).  Yes 

Swapped datalogger #2 in the middle of Far-Eastern Parallel (7.8°C ambient/1.1°C 
surface/60.5% RH) and surveyed remainder of passage.    Yes 

Surveyed the remainder of the Main Parallel and connecting passage to West 
Parallel while working our way out of the cave.  No bats noted.   

 
 
 
Table 19.  Summary of microclimate data collected from iButton hygrochron dataloggers in Hubbards 
Cave between September 1, 2012 and July 24, 2013. 
iButton  Temperature Records  Mean (°C) STDEV  Minimum  Maximum  
1 2,619  10.29  0.35  -1.99  14.55  
2  2,619  1.80  0.36  -0.96  2.06  
3 No data recovered – Battery short due to high humidity/saturation 
4 2,619  3.29  0.36  0.02  4.55  
5 2,619  5.31  0.35  -1.47  8.07  
6 2,619  1.84  0.36  -6.48  3.10  
7 2,619  0.52  0.35  -12.54  1.52  
iButton  Humidity Records Mean (%RH*)  STDEV  Minimum  Maximum  
1  2,619  60.00  22.71  13.90  97.65  
2  2,619  96.61  6.61  29.69  104.76  
3 No data recovered – Battery short due to high humidity/saturation 
4 2,619  101.82  0.99  45.76  107.11  
5 2,619  87.60  12.90  32.80  104.10  
6 2,619  110.60  3.36  39.42  115.35  
7 2,619  105.89  3.49  41.87  112.15  
*RH is not corrected for sensor saturation which may result in RH above 100%. 
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Installation of an iButton datalogger (above) and 
scanning for PIT-tagged bats (right) in Hubbards 
Cave. 

 

Recommendations:  Although this site receives relatively low numbers of visitors in winter, its location is 
well known to the public and visitation is common in the summer by individuals not familiar with proper 
caving etiquette and WNS decontamination procedures. Evidence of visitation despite the closure order 
at this cave and vandalism to closure signs suggests that seasonal closures simply through forest 
management plans or closure orders will likely not be adhered to. The roosting habitat this cave 
provides to an exceptionally large winter colony of Corynorhinus townsendii, state and federal species of 
concern, is rare in Colorado and protection of the site should be considered critical to the persistence of 
this species’ local population. Protection of this site should be a top priority for the White River National 
Forest with installation of gates on all 3 entrances given serious consideration as unintentional 
disturbance, vandalism, or accidental introduction of Pd could severely impact the local population of 
this species. 
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Figure 4. Temperature and relative humidity levels for dataloggers #4 (A and B) and 5 (C and D) placed in 
the Western Parallel of Hubbards Cave September 1, 2012 to July 24, 2013. 
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Guano accumulations noted in 2013 from 
Lime Creek Hall in Lime Creek Cave. 

 

Indian Cave 

Location Information: White River National Forest, Eagle Ranger District, Garfield County, 9,800 feet 

2013 Survey Effort: A complete internal survey was conducted in early September while returning from 
Bair Cave. 

Use Comments: Mosch (2011a) reported similar activity from a capture survey conducted in July 2011; 
no bats were captured and there was minimal activity outside the cave. One bat was observed by Mosch 
(2009d) exiting the cave during a night acoustic survey in July 2009.  This individual was thought to be a 
Corynorhinus townsendii, however identification of individuals in flight can be difficult to make and no 
other observations of this species roosting at this site have been made since, including during an 
internal survey in September 2008 (Mosch 2009a). In 2011, CPW conducted a full internal of the cave 
noting one bat hanging in a dome. A swarming survey yielded no activity later that night. A complete 
internal survey, external trapping survey, acoustic survey, and a short video survey were conducted in 
early July of 2012 to evaluate use as a maternity site (Siemers et al. 2012). No bats were noted during 
the internal survey and a 20-minute video survey documented only 2 bat passes with both individuals 
entering the cave. No significant bat use was observed during the 2013 autumn internal survey.   

Recommendations: This cave is used as a night and day roost during the summer and on a limited basis 
as a transition roost (Siemers et al. 2012).  Given the minimal amount of bat evidence observed at this 
feature during multiple seasons with little to no suitable hibernation roosting options, resources should 
be directed elsewhere for bat conservation. 

 
Lime Creek Cave 

Location Information: White River National Forest, Sopris Ranger District, Eagle County, 9,360 feet 

2013 Survey Effort: A partial internal survey was conducted in late July with notable accumulations of 
guano in Lime Creek Hall (Table 20).  Also, dataloggers were retrieved from this site.  

Use Comments: In July of 2012 Siemers et al. (2012) 
conducted a harp trap survey as did Mosch (2010c) in 
August of 2010; neither survey captured any bats. During 
internal surveys, bat skeletal remains and guano deposits 
were noted (Mosch 2010c; Siemers et al. 2012).  Mosch 
(2010c) also mentions a report of cavers observing bats 
during the daytime in July 2010. Cool temperatures 
measured in 2013 in the back portions of the cave would 
be highly suitable for hibernating bats (iButton 5, Table 
21).  Microclimate data also suggests the Pd could 
establish and grow in the cave if introduced. 
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Table 20.  Observations, notations, and datalogger retrieval locations for Lime Creek Cave during the 
July 31, 2013 survey.  Locations within the cave follow names depicted on a map by Reames (2011).  

Observations and Location Descriptions Datalogger 
Datalogger #1 retrieved, approximately 20 ft. from entrance in a small area where one 
can crouch. Datalogger had fallen to the floor, but was placed approx. 3 ft. above floor. Yes 

Datalogger #2 retrieved from location on the back wall of the southern bend 
approximately 7 ft. high.  The ceiling height at this location was 9 ft. A Myotis skull was 
found here on the floor in 2012 and guano was noted on the wall. 

Yes 

Datalogger #3 retrieved from tall (approx. 20 ft.) raise.  Datalogger was approx. 7 ft. from 
the floor.   Yes 

Datalogger #4 retrieved from room above tight incline.  Datalogger was found on the floor 
of the cave.  Yes 

Datalogger #5 retrieved from same room as #4, but in a small upshot approx. 3 ft. from 
the floor just before a slight decline into Lime Creek Hall.  Yes 

Lime Creek Hall; guano on walls and on floor (7.8°C ambient/3.3°C ceiling/80.8% RH).  
Lime Creek Hall (12.7°C ambient/1.1°C ceiling/67.5% RH).  

 
Table 21.  Summary of microclimate data from iButton dataloggers in Lime Creek Cave collected 
between July 21, 2012 and July 31, 2013. 
iButton  Temperature Records  Mean (°C) STDEV  Minimum  Maximum  
1 3003 -0.88 3.24 -14.49 3.60 
2  3003 1.91 0.92 0.06 3.08 
3  No data recovered – Battery short due to high humidity/saturation 
4 No data recovered – Battery short due to high humidity/saturation 
5 3002 2.76 0.80 0.59 3.60 
      

iButton  Humidity Records  Mean (%RH*)  STDEV  Minimum  Maximum  
1  3003 93.72 18.77 38.84 115.15 
2  3003 108.71 1.04 97.56 111.28 
3  No data recovered – Battery short due to high humidity/saturation 
4  No data recovered – Battery short due to high humidity/saturation 
5 3002 109.45 1.49 97.25 111.85 
*RH is not corrected for sensor saturation which may result in RH above 100%. 
 

Recommendations: This cave receives some use by bats as evidenced from guano accumulations, but 
survey attempts during the summer do not indicate significant summer use.  The entrance is at the base 
of a cliff face and is less than 2 feet high so it is likely blocked by snow for most of the hibernation 
season.  If this cave is used for hibernation, an alternate access for bats would be needed.  Mosch 
(2010c) notes that nearby Cliff Cave connects to Lime Creek Cave, which could provide the necessary 
access for hibernating bats. A winter survey would be informative and given the guano accumulations 
noted in Lime Creek Hall this year, some use is occurring during some part of the year.  Swarming 
surveys may produce an alternate explanation for the guano accumulations if winter use is ruled out.  In 
addition, the final upper room found beyond Lime Creek Hall should be considered for survey.  
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Figure 5. Temperature (A) and relative humidity levels (B) for datalogger #5 in Lime Creek Cave from July 
21, 2012 to July 31, 2013. 
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Powerline Cave 

Location Information: White River National Forest, Sopris Ranger District, Eagle County, 9,550 feet 

2013 Survey Effort: A full internal survey was conducted by CNHP, CPW, and a caving volunteer on July 
31, 2013.  No bats were documented on this trip but guano accumulations were noted. 
 
Use Comments:  Mosch (2008b) conducted a partial internal survey and an acoustic survey on July 16, 
2007.  She did not observe any bats internally and noted 31 passes during the acoustic survey.  During 
August 2008, a partial internal survey was conducted by CPW and a volunteer caver during the winter as 
part of an effort to identify caves that could safely be used by the National Speleological Society’s 2011 
Convention for wild caving trips.  No bats were noted during the visit but a large, very old guano pile was 
noted along with more recent scattered droppings and a couple accumulations.  Cool temperatures in 
the cave measured in 2013 make it suitable for bats using torpor (Table 22).  Given that the winter 
survey in 2008 did not find hibernating bats, day use of the cave by bachelor males or non-reproductive 
females may be more likely. 

Table 22.  Observations and notation locations for Powerline Cave during the July 31, 2013 survey.  
Locations within the cave follow depicted on map by P. Burger in Reames (2011).  

Observations and Location Descriptions Photo 
Wall near entrance to horizontal crawl (13.6°C ambient/5.0°C surface/70.6% RH). Yes 
Western wall of room after the chert-rich zone and near old guano pile (12.5°C 
ambient/0.0°C surface/59% RH). 

Yes 

Scattered guano near drop prior to Genes Drop.  
Ceiling in the tallest part of the room prior to Genes Drop (12.3°C ambient/3.3°C 
ceiling/61.6% RH). 

 

Trace guano on floor of room following Genes Drop and before Houndstooth Room.  Yes 
 
Recommendations:  Powerline is a popular cave for cavers with vertical capabilities, however the need 
for rope and vertical equipment precludes many people from entering this cave. There are some nice 
formations in this cave that are sensitive to disturbance.  Surveys indicate some bat use at this cave, but 
not enough to require a management plan or for any access restrictions.  

 

 

 

 
 
Formations in the Houndstooth Room in 
Powerline Cave. 
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Guano deposit near Throne Room in Premonition 
Cave. 

Premonition Cave 

Location Information:  White River National Forest, Eagle Ranger District, Garfield County, 9,500 feet 

2013 Survey Effort:  Access to the cave changed during 2013, inhibiting our ability to retrieve 
dataloggers and conduct swarming surveys at Premonition Cave.  The private landowner controlling 
access to the east of the cave passed away in early 2013 and confirmation of permission to pass through 
the gate on the private land from the new inheritors has not been granted at this point.  Access via 
Forest Road 618 was also blocked not far past Deep Lake in 2013.  An attempt to hike to the cave from 
the upper road will be made if access via the lower road is not attained during the summer of 2014 to 
retrieve dataloggers. 
 
Use Comments:  During August 2008, Mosch (2009e) surveyed this cave and harp-trapped a surprising 
number of species and individuals.  The high level of activity noted by Mosch suggests that swarming 
may have been occurring although it was unclear whether bats were entering or exiting the cave.  A full 
internal visit to the cave in late September 2012 noted scattered guano in most passages and a couple of 
areas with high concentrations.  Torpid bats were noted at 2 locations near the front of the cave and 4 
skeletons were found past the Flowstone Climb.  Guano deposits suggest that the cave may be or have 
been used as a maternity roost at some point.  The scattered guano deposits and torpid bats confirm 
transitional and day roosting is occurring as well.  An external acoustic and internal visual swarming 
survey conducted on the same trip noted low levels of activity by Corynorhinus townsendii and 2 mating 
events, 1 C. townsendii with a torpid bat and a second between 2 Myotis.  Analysis of the microclimate 
data may shed light on the likelihood of the site’s use as a maternity colony and its ability to facilitate 
the growth of Pd.   

Recommendations:  Although Premonition 
Cave receives relatively low numbers of 
visitors year-round due to its technical 
nature inside and out, the site is used by 
bats for several purposes. Development of a 
management plan that regulates visitation 
similar to that of Groaning Cave would be 
beneficial to monitoring visitor use of the 
cave. Protection of this site should be 
considered a high priority for conservation of 
bats in this area. 
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Icicles in main entrance of Spring Cave. 

  Acoustic detector above Spring Cave. 

Spring Cave 

Location Information: White River National Forest, Blanco Ranger District, Rio Blanco County, 8,000 feet 

2013 Survey Effort: A limited partial winter 
internal survey was conducted and the acoustic 
detector checked in February.  The acoustic 
detector was taken down and a partial internal 
survey conducted in May.  A swarming survey 
was conducted by USFS on one night in 
September and the acoustic detector was 
redeployed in December of 2013. 
 
Use Comments: Spring Cave was first noted as a 
hibernaculum in 1977 when approximately 100 
bats were found (Potter 2011).  Subsequent 
trips have recorded much smaller numbers in 
the low teens.  The entrance portions of the cave before the Living Room have been vandalized by 
graffiti and formations broken.  Vandalism along with frequent public visitation may have led to the 
decline in use by bats at Spring Cave.  Internal visits from the entrances back to the Ladder during the 

winters of 2011 and 2012 confirmed that bats still 
hibernate in the cave but in lower numbers.  The cave 
also appears to provide transitional roosting for 
migratory species as noted by the Lasionycteris 
noctivagans captured on August 30, 2001 (Siemers 
2002).  Scattered guano under domes in the East 
Entrance suggests that night roosting during the 
summer and transitional periods occurs at the site as 
well.  Video surveys during October of 2011 suggest at 
least low levels of swarming occur here (Mosch 
2011a). In 2013, a partial winter survey was conducted 
on February 25 with 27 bats (21 Corynorhinus 

townsendii, 5 Myotis spp., 1 unknown) roosting between the entrance and the ladder.  Concentrations 
were noted where the East Entrance meets the West Entrance and in the deeper half of the Living Room 
(Table 23) with C. townsendii roosting out in the open and the Myotis species generally using tight cracks 
or solution holes.  Dataloggers were removed on May 21 with 1 C. townsendii and 1 Myotis 
species/Eptesicus fuscus roosting in the Pirates Den and Living Room respectively.  One datalogger had 
shorted out, likely from saturation (Table 24).  Microclimate data indicate that Spring Cave provides 
stable temperatures well suited for hibernating bats with relative humidity levels that fluctuate (Table 
24 and Figure 6).  Such fluctuations in humidity could affect Pd’s ability to establish and persist at this 
site.  Studies from the eastern United States are currently under way to determine if such fluctuations 
inhibit Pd and WNS (T. Jackson, CPW, pers. comm.). 
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Table 23.  Observations, notations, and datalogger deployment locations for Spring Cave in 2013. 
Locations within the cave follow names provided by Parris (1973). 

Observations and Location Descriptions Photo Datalogger 
February 25, 2013 Survey   

Near datalogger #1 in West Entrance passage, 1 COTO and 1 Myotis sp. roosting in 
the open above some graffiti (6.10°C ambient/0.5°C surface/46.0% RH). Yes Yes 

Small domed room in West Entrance passage, 1 COTO and 1 Myotis sp. roosting 
(6.7°C ambient/1.5°C surface/50.0% RH).   
5 COTO were scattered within several feet of each other at the junction of the East 
and West Entrances where the ceiling rises up (5.6°C ambient/1.0°C surface/50.0% 
RH).   

2 COTO and 1 Myotis sp. were roosting near datalogger #2.  Yes 
6 COTO were roosting within several feet of one another in the middle of the Living 
Room not far from datalogger #3 (6.5°C ambient/-1.6°C surface/44.5% RH).  Yes 

4 COTO and 2 Myotis sp. were roosting along the ceiling another 15 feet or so past 
the previous group.   
1 COTO and 1 unknown species were roosting on the ceiling above the steep ramp 
that ascends up into the Pirates Den.   

No bats were seen in the Pirates Den (6.9°C ambient/1.8°C surface/56.0% RH).   
A solitary COTO was roosting on the ceiling to the left when descending into the cave 
in the room with the ladder (5.6°C ambient/-0.1°C surface/50.0% RH).  Yes 

May 21, 2013 Survey   
Swapped dataloggers #1-2.  Yes 
1 Myotis sp./EPFU in ceiling crevice in middle of Living Room near datalogger #3 
(13.2°C ambient/4.0°C surface/50.4% RH).  Yes 

1 COTO roosting in the Pirates Den (10.1°C ambient/4.3°C surface/64.5% RH).   
Swapped datalogger #4, no bats noted in this room.  Yes 
 
Table 24.  Summary of microclimate data collected from iButton hygrocron dataloggers in Spring Cave 
between May 24, 2012 and May 21, 2013. 
iButton  Temperature Records  Mean (°C) STDEV  Minimum  Maximum  
1 1,384**  7.09  1.42  3.58  10.10  
2  2,892  5.07  1.42  0.05  13.10  
3 2,892  5.02  0.71  1.51  10.53  
4 No data recovered – Battery short due to high humidity/saturation 
      

iButton  Humidity Records  Mean (%RH*)  STDEV  Minimum  Maximum  
1  1,384**  76.67 10.33 23.92 89.40 
2  2,892  74.67 38.32 26.97 104.91 
3 2,892***     
4 No data recovered – Battery short due to high humidity/saturation 
*RH is not corrected for sensor saturation which may result in RH above 100%. 
**Logger 1 was reported missing and replaced on 11/29/12 
***Error with logger recording RH with all readings seized at -39.11. 
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Acoustic monitoring during January and March of 2012 suggest that low levels of activity during winter 
months are common with occasional spikes that may correspond with short periods of warmer external 
temperatures (Figure 6). Internal dataloggers do not reflect such changes in temperature so these 
fluctuations would have to be occurring outside of the cave.  Arousals may also be attributed to other 
physiological demands, such as the need to drink and excrete waste.  Internal surveys have indicated 
high proportions of C. townsendii using the cave in relation to other species and acoustic records were 
not discerned to the species level. Placement of the microphone high above the cave entrance may play 
a role in lowering call quality which inhibits the software’s ability to classify calls to the species level.  
Detector location is limited by the solar arrays exposure to the sun, which powers the unit.  Acoustic 
monitoring resumed in January of 2013 and continued to May 21 when the station was removed.  
Trends in 2013 were similar to those seen in 2012 with low but persistent activity levels during the 
winter months with a pronounced climb in numbers of calls recorded throughout March.  Trends for 
number of calls by time of day were unusual in that a large spike is seen mid-day suggesting that either a 
disturbance aroused bats in the cave causing them to fly out and be recorded or it is possible that one 
individual repeatedly circled in front of the cave and artificially raised the number of calls recorded for 
that time window (Figure 7).  Spikes in activity by date do not correspond with the internal survey 
conducted for this study.  During the 11 AM and 12 PM windows when the spike reaches its apex large 
numbers of calls were noted for those hours on March 4th and 21st.  The Snotel weather station at Burro 
Mountain does not suggest any abnormal weather events in the area on these days. 
 
Recommendations:  This site has received high levels of vandalism in comparison to other Colorado 
caves due to its well-known location by the public.  Use of game cameras coupled with the acoustic data 
could provide evidence for violation of seasonal closures and whether or not they correspond to the 
spikes in acoustic activity as seen in 2013. Given the consistent use of this site by bats, particularly as a 
hibernaculum, and its decline in numbers of individuals in comparison to historic counts, development 
of a cave management plan, seasonal closures and the installation of a gate as proposed by Potter 
(2011) should be given serious consideration. Spring Cave should be ranked high on the White River 
National Forest’s list of caves needing action to address threats from WNS. 
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Figure 6. Temperature and relative humidity levels for dataloggers #2 (A and B) and 3 (C) placed in the 
Living Room of Spring Cave May 25, 2012 to May 21, 2013. 
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Figure 6. (Continued) 
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Figure 7. Acoustic activity levels by date (A) and time (B) for Spring Cave during January and March of 
2012.  Dates exclude February as data were not collected during that timeframe due to equipment 
malfunction.   
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Thursday Morning Cave 

Location Information: White River National Forest, Eagle Ranger District, Garfield County, 9,900 feet 

2013 Survey Effort: A hibernation survey was conducted in February and a limited partial internal survey 
was conducted and dataloggers were retrieved in July.  A swarming survey was conducted on 2 
consecutive nights in September and acoustic recordings were made for 3.5 hours on one night (Table 
26).  
 
Table 26.  Acoustic recording totals for Thursday Morning Cave. 

 

 

 

 

 

 

 

 
Use Comments: An external acoustic and visual survey conducted in early July 2007 noted 63 passes 
over 2 hour 15 min. (Mosch 2008c).  In August 2010, 782 acoustically-detected passes were reported 
and 257 visually-detected passes were observed in a 4-hour period (Mosch 2010b).  A harp trap survey 
was also conducted in August 2010 during which 7 Myotis lucifugus, 1 M. thysanodes, and 13 M. volans 
were captured, all of which were males (Mosch 2010b). Another survey in September 1998 documented 
swarming behavior and recorded captures of 5 M. evotis, 1 Myotis lucifugus, 27 M. volans, and 8 M. 
yumanensis (K. Navo, pers. comm.).  During the winter visit in February 2013 10 bats including 7 C. 
townsendii, 2 Myotis species, and 1 unknown species, were noted to confirm hibernation at this cave.  
The summer visit in early July did not yield any bat sightings and two of the dataloggers could not be 
found. In addition, one datalogger had saturated and failed.  Data from the remaining datalogger 
supports the February survey findings showing a microclimate that is highly suitable for hibernating bats 
(Table 29). The temperatures and humidity levels would also likely support the presence of Pd.   
 
During one night of the swarming survey in 2013, bat entrances and exits, in addition to bat passes, 
were quantified using video data.  A total of 104 instances of bats entering the cave were observed over 
4 hours of survey.  During the same time period, 42 exits were counted.  Based on these data, a 
minimum of 62 bats were inside the cave at some point during this period.  A limited mist net effort was 
used to capture bats for glow tag marking with 19 tags affixed over 2 nights (Table 27).  Acoustic calls 
were recorded the first night and indicate high activity levels of Myotis species (Table 26).  As with other 

Species Classification Number of passes 

Myotis californicus 2 
Myotis ciliolabrum 38 
Myotis evotis 26 
Myotis lucifugus 8 
Myotis volans 9 
Myotis yumanensis 5 
Parastrellus hesperus 8 
Hi Frequency species 969 
Lo Frequency species 2 
TOTAL 1067 
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caves where mist net surveys were conducted for swarming efforts in 2013, the majority of individuals 
captured during this survey were male (17 of 21).  In addition to the species noted during the acoustic 
and mist net surveys, a spotted bat (Euderma maculatum) was heard outside of the cave entrance (K. 
Navo, pers. comm.), which would support the presence of this species in the area as it was also heard 
outside of Groaning Cave in September 2001 (K. Navo, pers. comm.).  These audible reports also offer 
credence to an unconfirmed sighting of a bat with spotted pelage made in nearby LaSunder Cave in July 
of 1991.   
 
Table 27.  Summary of limited mist-netting effort to capture bats for glow tags at Thursday Morning 
Cave on September 20th - 21st, 2013. 

Species Number Captured Number of Glow Tags 
September 20th    

Myotis evotis 2 2 
Myotis lucifugus 4 4 
Myotis volans 3 3 

September 21st     
Myotis volans 11 10 
Myotis yumanensis 1 -- 

TOTAL 21 19 
 
Table 28.  Observations, notations, and datalogger locations for Thursday Morning Cave in 2013. 

Observations and Location Descriptions Datalogger 
February 14, 2013 Survey 

Datalogger #1 still present in a small dome in short passage to the right and behind the 
first decline after the initial crawlway at entrance. (-1.1°C ambient) Yes 

Unable to find datalogger #2 that was initially placed on the left wall approx. 5 ft. high 
at eye-level at the top of the initial decline.  This datalogger was also noted to be 
missing on 9/15/2012 during an internal swarming survey.  

No 

6 COTO hibernating in a small cluster at the top of larger room above the initial decline 
(3.3°C ambient/-0.6°C surface/63% RH). Soil sample taken from floor below the cluster.  
1 COTO on wall approx. 100 ft. into the cave, approx. 7 ft. above the floor.  
Datalogger #3 still present at dome near the “up-n-over” (4.8°C ambient/1.1°C 
surface/71% RH). Some condensation on the logger was noted. Yes 

Guano scattered consistently throughout cave – on floor and walls.  
Datalogger #4 present above “alligator” (6.1°C ambient/1.6°C surface/78% RH). Yes 
2 Myotis sp. and 1 unknown bat observed above “alligator”. 2 of the bats were on a wall 
approx. 30 ft. above our location.  

July 10, 2013 Survey 
Collected datalogger #1 from a small dome in short passage to the right and behind the 
first decline after the initial crawlway at entrance.  Yes 

Just past first descent where lone COTO was observed on 2/14/2013 (8.8°C ambient/ 
2.7°C surface/66.6% RH).  

Collected datalogger #3 at the apex of the “up-n-over”  Yes 
Unable to find datalogger #4 that was placed over the “alligator”   No 
Underneath the “alligator” on the first level (8.8°C ambient/2.2°C surface/ 66.4% RH).  
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Table 29.  Summary of microclimate data from iButton dataloggers in Thursday Morning Cave collected 
between July 12, 2012 and July 10, 2013. 
iButton  Temperature Records  Mean (°C) STDEV  Minimum  Maximum  
1 2901 2.65 2.03 -0.42 6.61 
2  missing on 9/15/2012     
3 No data recovered – Battery short due to high humidity/saturation 
4 missing on 7/10/2013     
      

iButton  Humidity Records  Mean (%RH*)  STDEV  Minimum  Maximum  
1  2901 100.15 8.63 54.24 109.38 
2  missing on 9/15/2012     
3 No data recovered – Battery short due to high humidity/saturation 
4 missing on 7/10/2013     
*RH is not corrected for sensor saturation which may result in RH above 100%. 
 

Recommendations: This cave is used as a hibernaculum, night roost, transient roost, and swarming site. 
Consistent bat use has been observed during all seasons surveys have been completed.  Development of 
a cave management plan specific to this location is recommended. Although this cave may not be as 
well-known as other caves in the area, bat use at this site is significant. The disappearance of 
dataloggers that were in clear view (1 within approximately 2 months of deployment), also indicates 
that this site has received some visitation, even during the forest-wide closure.  
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Figure 8. Temperature (A) and relative humidity levels (B) for datalogger #1 in Thursday Morning Cave 
from July 12, 2012 to July 10, 2013. 
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Bat with glow tag temporarily affixed to back. 

 

Swarming Surveys 

Information on roost usage by many bat species is needed before well-founded management decisions 
can be made. This is particularly true for sites used by maternity colonies and as hibernacula.  Such 
information becomes even more relevant when considering White-nose Syndrome (WNS). The roles 
that swarming, and associated sites where it occurs, play in relation to WNS and its spread remain 
unclear. Swarming in bats is thought to occur when individuals congregate, typically at a cave, and 
interact through repeated circling, diving, chasing, and landing events. The behavior could serve multiple 
social purposes including mating and orientation of young bats for migration or with potential 
hibernacula (Davis and Hitchcock 1965, Fenton 1969, Veith et al. 2004). The swarming period tends to 
occur after maternity colonies have disbanded and before the entrance into hibernacula for the winter 
(Fenton and Barclay 1980, Rivers et al. 2006).  In Colorado, swarming has been documented at several 
caves prior to this study including Groaning and Thursday Morning Caves (Navo et al. 2002, Englert 
2008). Protection of such sites from WNS would be important because bats often land on walls and 
ceilings so they would potentially be more vulnerable to exposure to Pd if it occurred at the site. 
 
As part of the effort to conduct bat surveys during all seasons and to gain more information on one of 
the least understood aspects of bat behavior, we conducted swarming surveys at 8 caves during the 
2013 swarming season.  This survey was a coordinated effort with personnel from CPW, USFS, CNHP, 
and recreational cavers and built upon initial efforts conducted in 2011 and 2012 (Siemers et al. 2012).  
A focused swarming survey was conducted on September 20-21, 2013 in the Deep Creek watershed at 
caves where swarming was known to occur, and that were in relatively close proximity to one another. 
The objectives of this multi-year effort were to determine if swarming occurs at sites with known bat 
use, to quantitatively evaluate swarming activity at sites where it does occur to establish relative 
indexes of swarming activity, and to simultaneously examine swarming levels at nearby caves.  

Determining whether or not swarming is occurring early in the season can be difficult given other 
behavior patterns occurring at this time, such as young of the year learning to fly.  Consequently, we 
consider swarming to occur not as bats emerge from a site as they would at a maternity colony but 
rather when they arrive at it sometime after dark, typically in groups that may have traveled from 
different locations.  Evolutionarily speaking, breeding during this time would be genetically beneficial, as 

unrelated individuals would have a way of finding 
each other to mate (Rivers et al. 2006).  Behavioral 
observations were made both internally and 
externally at caves.  Surveys commenced shortly 
after sunset and generally were completed 4 hours 
later.  Externally, at cave portals, numbers of bat 
passes in or out of the cave entrance were counted 
initially by hand using a tally counter to estimate 
activity levels in 2011 - 2013.  When possible, infra-
red video recordings were made for comparative 
purposes with pass counts and acoustic recordings 
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Myotis pair copulating. 

 

were made to provide species specific information.  Starting in 2012 and continuing in 2013, one or 
more locations were selected inside each cave so that chasing events could be quantified as an internal 
indicator of activity level.  Landing and copulation events were counted to provide a metric for direct 
bat-to-surface or bat-to-bat transmission. In 2013, green, red, and yellow light tags (1.5 inch glow stick, 
Coolglow.com, Irving, TX) ranging from 1 to 1.5 inches in length and 0.2 to 0.5 g in weight were 
temporarily affixed to bats using super glue (Loctite Super Glue Gel, Henkel Corporation, Rocky Hill, CT) 
at 5 caves to document movements between sites. 
 
We conducted swarming surveys on 11 nights at 13 caves during the autumns of 2011 (2 nights, 3 
caves), 2012 (4 nights, 7 caves), and 2013 (5 nights, 8 caves).  The majority of these caves were located 
on the White River National Forest with the core concentration in the Deep Creek drainage.  In 2013, 3 

of the caves surveyed by CPW were on BLM lands with 2 of them in 
Deep Creek concentration area adjacent to the forest boundary.  At 
the cave portals, a total of 8,829 visual bat passes were tallied over all 
survey sites from 2011 to 2013 (average 340 passes/night or 92 
passes/hour) and ranged from 0 to 1,100 passes per night. Activity 
levels reached numbers as high as 448 passes per hour.  A total of 24 
hours of video were made simultaneous to visual counts at 4 caves 
over 6 nights from 2011 to 2013 to compare techniques.  On average 
video counts detected 82 more passes than manual observers but 
varied by as much as 43 fewer to 364 more. Placement of the view of 
field for the camera along with use of IR lights proved to be extremely 
important in collecting accurate counts.  Internal counts of swarming 
behavior in 2012 and 2013 yielded 1,162 chasing (average 37, range 0 
to 497), 247 landing (average 8, range 0 to 55), and 6 copulation 
(average 0, range 0 to 2) events.  Both chasing and roosting events had 

outlier counts on one night at one site which may have inflated sum totals for these metrics (Buffalo 
Cave, 497 chasing and Groaning, 12 roosting events). Most caves previously known to be used by bats 
for other roosting uses exhibited at least some swarming but levels of activity varied widely.  Of the 11 
caves known to have prior bat use during some other season (Table 31), all but 2 exhibited at least low 
levels of swarming (Table 30).  Counts at 2 of the caves with the highest activity levels consistently 
showed high levels of activity over the 4 hours they were monitored in 2012 and 2013.   

High activity levels occurred at multiple caves in the same area simultaneously indicating that one group 
of bats is not moving between sites and accounting for all of the activity in an area.  However, 
individuals are moving between sites in the same night as well as shown by light tagging in 2013.  A total 
of 65 bats were captured over approximately 4.5 hours of netting effort combined for all three sites and 
light tags were affixed to bats at Groaning (red, 13), Fixin’-to-Die (yellow, 4), and Thursday Morning 
(green, 19) caves. Tags from Fixin’-to-Die Cave, the centrally located survey site, were seen at Groaning 
and Thursday Morning Caves.  Interestingly, all but 4 of the 65 bats captured were males. Navo et al. 
(2002) also noted that the majority (89%) of individuals captured at Groaning Cave in 1997 were male. 
These data suggest that swarming could be a sex-biased behavior, with females remaining more 
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stationary at specific caves while males move between sites. Possible sightings of tagged bats from 
Thursday Morning and Groaning caves were thought to be seen at Fixin’-to-Die Cave but not considered 
confirmed sightings as the distance the observations were made at was too great for a confident call on 
tag color to be made.   Efforts on BLM land adjacent to the Forest and just down canyon from the other 
sites yielded 5 captured bats at BAD cave, all of which were marked with a green glow tag.  One marked 
individual was seen later that night at Spinsters Cave confirming more inter-cave movement. 

Most caves previously known to be used by bats for other roosting uses exhibited at least some 
swarming activity. However, it is apparent by the large range of activity levels at these sites that some 
sites are being selected for swarming specifically, rather than “opportunistic” swarming noted at low-
level sites. In addition, high activity levels occurred at multiple caves in the same area simultaneously 
indicating that one group of bats isn’t moving between sites and accounting for all of the activity. 
However, groups or individuals are moving between sites in a given night as well as documented in 2013 
using light tags. External counts made manually versus those made using infra-red cameras varied 
greatly with the later counting more passes per visit.  Internal observations suggest that swarming may 
provide a mechanism by which Pd could be transmitted as bats often land on walls and ceilings, and 
interact directly (copulation) during such activities.  Some of these behaviors may have also been 
occurring external to the cave (cliff face, etc.), but were not observed nor a focus of this effort.  This 
study shows that several simple metrics of swarming can be collected at sites where the behavior is 
suspected or documented and can be useful in informing land managers with data related to cave use 
by bats and the potential for the spread of WNS during such interactions. 
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Table 30.  Caves on the White River National Forest where swarming efforts were conducted during the 
autumns of 2011 - 2013. Survey Methods: A = acoustic, E = external viewing, I = internal viewing, V = 
video, LT = light tagging.  Activity levels of swarming, when observed, were categorized as high, medium, 
or low based on the average calls per hour collected over 3 years of the study (10-50 calls/hr. = Low, 50-
100 calls/hr. = Medium, >100 calls/hr. = High). 

Cave Date Survey 
Methods 

Swarming 
observed? 

Activity 
Level 

Anvil Points Cave* 9/30/2013 E Yes Medium 
BAD Cave* 10/2/2013 A, E, I, LT Yes Low 
Buffalo Cave – skylight room 9/15/2012 A, I Yes Medium 
Dust Hole Cave 9/7/2011 A, E  No - 
Fixin’-to-Die Cave 9/14/2012 E, I Yes High 

9/15/2012 E, I Yes High 
9/21/2013 E, I, LT Yes High 

Groaning Cave 9/7/2011 A, V Yes High 
9/8/2011 A, E, I, V Yes High 
9/14/2012 A, E, I, V Yes High 
9/15/2012 A, E, I Yes High 
9/20/2013 E, I, LT Yes High 
9/21/2013 E, I, V, LT Yes High 

Hubbards Cave – West entrance 8/30/2012 E, V Yes Medium 
9/20/2013 E, I Yes Low 

Hubbards Cave – East entrance 8/30/2012 E No - 
Hubbards Cave – Main entrance 8/30/2012 E Yes Low 
Indian Cave 9/7/2011 A, E, I, V No - 
Premonition Cave 9/29/2012 E, I Yes Low 
Spinsters Cave* 10/2/2013 A, E, I, V, LT Yes Low 
Spring Cave 9/19/2013 E, I Yes Low 
Thursday Morning Cave 9/14/2012 E, V Yes High 

9/15/2012 E, I Yes Medium 
9/20/2013 E, I, LT Yes High 
9/21/2013 E, I, LT Yes High 

Wednesday Afternoon Cave 9/14/2012 E No - 
*Cave on BLM land.
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Table 31.  Documented use of caves and mines by bats on the White River National Forest visited in 2013. 

Site 
Use Type 

Species Year Source 
Hibernaculum Transient Day Night Maternity Bachelor Swarming 

Bair confirmed confirmed confirmed confirmed   possible COTO, MYVO 
2008, 2009, 
2012, 2013 

This study; Siemers 
et al. 2012; Mosch 
2009a, 2009d 

Bulldog Mine  possible possible confirmed confirmed   MYCI 
1998 This study; Siemers, 

unpubl. data 

BC-2 Mine possible possible possible confirmed      This study 

Charlotte’s  possible probable possible confirmed   possible COTO, MYCI, MYEV, 
MYLU, MYVO 

2009, 2013 This study; Mosch 
2009c 

Columbine    possible    
  This study; Mosch 

2009f 

Elephant 
Mountain Mine  confirmed confirmed  confirmed   COTO 

2012, 2013 This study; Siemers 
et al. 2012 

Five Windows   possible possible      This study 

Fixin’-to-Die probable confirmed confirmed probable possible  confirmed MYLU, MYTH, 
MYVO, MYYU 

2002, 2012, 
2013 

This study; Siemers 
et al. 2012; Siemers 
2002 

Flycatcher    possible      N/A 

Fulford  confirmed confirmed confirmed    MYEV, MYLU, 
MYVO, MYYU 

2002 Mosch 2010a; 
Siemers 2002 

Fulton probable possible possible confirmed   possible   This study 
Fulton Resurgence   confirmed confirmed   possible   This study 

Groaning confirmed confirmed confirmed probable   confirmed 
MYLU, MYVO, 
MYEV, MYYU, MYCI, 
COTO 

2002, 2012, 
2013 

This study; Siemers 
et al. 2012; Navo et 
al. 2002 

Hubbards confirmed confirmed confirmed probable   confirmed COTO  Siemers et al. 2012 

Indian   possible confirmed    COTO, LACI, LANO, 
MYEV, MYLU 

2009, 2011, 
2012 

Siemers et al. 2012; 
Mosch 2009d, 2011 

Lime Creek possible  possible confirmed   possible Myotis sp. 2012 Siemers et al. 2012; 
Mosch 2010c  

Powerline  probable probable    possible   This study 

Spring confirmed confirmed confirmed probable   confirmed 
COTO, EPFU, LANO, 
MYCI, MYEV, MYLU, 
MYVO 

 Mosch 2011c; 
Potter 2011; 
Siemers 2002 

Thursday Morning confirmed confirmed probable confirmed   confirmed COTO, MYLU, 
MYTH, MYVO 

2010, 2012, 
2013 

This study; Siemers 
et al. 2012; Mosch 
2010b 
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2012 PIT tag hoop readers suspended in 
front of the portal culvert at Elephant 
Mountain Mine. 

Elephant Mountain Mine Corynorhinus townsendii Population 
Monitoring 

Location Information: White River National 
Forest, Sopris Ranger District, Pitkin County, 7,200 
feet 

2013 Survey Effort: A square external passive 
integrated transponder (PIT-tag) reader was 
deployed in April to investigate continued use by 
Corynorhinus townsendii that were PIT-tagged in 
2011 and to determine if the presence of such a 
device will noticeably disrupt bat activity.  An 
external video survey was conducted in July to 
determine colony size after young of the year have 
fledged. To ensure accurate counts at this 
unusually large maternity colony, video footage was collected using thermal and near-infrared (NIR) 
video surveillance cameras provided by P. Cryan (USGS-BRD).   

Use Comments: A series of internal and external surveys from 2004 to 2007 mapped Elephant Mountain 
Mine and noted use by bats.  On July 13, 2005, use of the mine as a maternity colony by C. townsendii 
was investigated by K. Navo (CPW) at the request of the Forest Service.  Initial visual exit counts 
suggested the colony numbered in excess of 500 bats and a sample of 15 individuals captured in hand 
confirmed use by males and reproductive females.  A visit to the mine on April 23, 2006 by the Colorado 
Cave Survey to map the remainder of the mine/cave complex and observed some bats already present.  
On July 21, 2006, a video survey using a Sony night shot camera with infra-red lighting reported 784 
individuals and a subsequent visual exit count on August 3rd estimated 691 individuals.  A fall visit to the 
mine was made on September 6th of that year and “hundreds” of bats were noted.  The last count made 
using video footage was conducted July 9th, 2007 and totaled 761 bats.  Counts of this magnitude easily 
make this feature the largest known maternity roost for C. townsendii in Colorado.   

During the summer of 2011, a CPW-led effort marked 98 
individuals using passive integrated transponder (PIT) tags 
as part of a pilot study to see if C. townsendii could tolerate 
such marking techniques.  On February 24, 2012 an internal 
survey of Hubbards Cave, a large hibernacula used by C. 
townsendii, was conducted and 6 PIT-tagged individuals 
marked in 2011 were documented via a hand-held PIT tag 
reader and extension pole.  Presence of these marked bats 
confirms a straight-line movement of approximately 30 
miles from their summer maternity colony to a winter 
hibernaculum (see Hubbards Cave Account above).  Two 

Setting a mist net up in front of the Elephant 
Mountain Mine gate to catch bats in 2011. 
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Thermal and near infra-red images of C. townsendii exiting through a 2’ by 2’ PIT hoop reader at 
Elephant Mountain Mine on July 30, 2013. 

circular AVID hoop readers were deployed September 4th and 4 additional marked bats were detected.  
A partial internal survey was conducted during that visit and “hundreds” of bats were noted in the back 
portions of both the upper and lower adits.  Sex and age of the bats was not determined at that time as 
no individuals were handled but we believe that many were probably young of the year.  Some bats may 
use the site as a transitional roost as well when moving between summer maternity colonies and winter 
hibernacula.  A subsequent out flight observational survey revealed that most bats were exiting off to 
one side of the hoops, so most marked individuals were likely exiting undetected by the reader.  A PIT 
reader with a 2’ by 2’ square antenna fabricated by USGS fish researcher B. Hays was loaned to CPW and 
deployed April 22, 2013 with hopes of improving detectability and reducing disturbance to the bats.  
Over the course of the summer 41 individuals were detected using this enlarged hoop, including 9 bats 
previously detected in 2011 or 2012.  On July 30th, an updated count of the maternity colony using the 
site was conducted to confirm that prior activities during the last half decade, such as installation of the 
gate and preliminary PIT-tag marking and monitoring efforts, have not led to reduced use of the site.  
Video counts made during this survey totaled 1,316 individuals using infra-red imaging and 1,336 
individuals using thermal imaging.  Both of these efforts represent the highest number of bats counted 
at any one time at this location. These high-counts may be attributed to the improved sensitivity of the 
video equipment used, but an increase in colony size should not be ruled out.  The geothermal aspects 
of this site offer a unique advantage to female bats rearing young there as pups are likely maturing more 
quickly and fledging earlier which, in turn, improves the odds of them surviving the first year of life 
(Racey and Swift 1981).  In addition, the high counts suggest that minimal or no effects from PIT tag 
marking and monitoring are occurring.  On September 17, CPW installed a new Biomark reader with a 2’ 
by 2’ antenna that has the ability to read older AVID tags while detecting newer model tags that may be 
deployed.  The new antenna can detect tags from greater distances and for faster moving objects which 
should improve our detectability of marked bats during future monitoring efforts at this critical roost. 
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Recommendations:  The Corynorhinus townsendii maternity colony found at Elephant Mountain Mine is 
unique due to its large size and geothermal traits, and the mine provides critical roosting habitat for a 
large portion of the local population for this species.  The White River National Forest should make this 
site a top bat conservation priority.  Monitoring of the Elephant Mountain Mine for any evidence of 
WNS, including population declines that might be observed, should be continued through the use of PIT 
technology.  These data will not only provide baseline levels for WNS monitoring at a large maternity 
colony, but will also improve our understanding of seasonal use at the site and provide 
presence/absence data that can be analyzed for accurate survival metrics of these bats.   In turn, this 
information should allow for better management decisions not only at Elephant Mountain but at other 
sites throughout the Forest and across the state.  Based on colony counts and numbers of marked 
individuals observed at a later date, preliminary monitoring efforts using PIT tag technology does not 
appear to have detrimentally affected the colony.  Efforts to increase the number of marked individuals 
in 2014 should be pursued so that statistically defensible survival rates can be attained. 
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External Swarming Survey Data Sheet 
 
Cave: __________________________________________________ Date: ________________ UTMS: E: ______________________ N: ______________________ 
 
Observers: ________________________________________________________________________________________________________________________________ 
 
Weather Conditions:  Temperature/RH% at Survey start: _____________ Survey end: _________________  Precipitation:  yes/no  
 
Wind Speed: __________ BWS(see chart) 
 
Bat Passes Per Half Hour 
 

Time 
# 

Counted 
Passes 

√ 
Acoustic 

File 

√ 
Video 

Activity/Comments 

20:00     

20:30     

21:00     

21:30     

22:00     

22:30     

23:00     

24:00     

Total    

Acoustic file 
name 

 
Weather Changes  

Acoustic 
survey 
duration (hrs) 

 Comments  

BWS#     MPH     Description         Observation          BWS#   MPH       Description                 Observation  
   0            0-1         calm         smoke rises vertically      3          8-12       gentle breeze        leaves and twigs move 
   1            1-3       light air        smoke drifts slowly        4        13-18     moderate breeze          small branches move 
   2            4-7     slight breeze        leaves rustle             5         19-24       fresh breeze               small trees sway 
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Internal Swarming Observations 
 
Cave: _____________________________ Date: ____________ Observers: __________________________________________ 
 

OBS 
PT PT Location 

Time 
Spent At 

PT 
Chasing 

(# of Events) 
Landing/
take-off 

(# of Events) 
Copulation 

(# of Events) 

Guano/night 
roost sign 

(Trace [1-10], Moderate 
[11-25], Lots [26+], N/A) 

Just flying 
/circling 
(Yes = √ ) 

Roosting 
bats 

(Estimated #) 

1 
  

      

2 
  

      

3 
  

      

4 
  

      

 
COMMENTS: 
 
 
    
    
    
  
Predominate activity documented: 
  
Chasing   At Which Observation Pt:  Pt 1: ________ Pt 2: ________ Pt 3: ________ Pt 4: ________ 
Landing/take-off  (Add more if necessary) 
Copulation 
Roosting 
Flying/ Circling 

 


