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ABSTRACT

Information about the probable presence, activity levels, and habitat selection of northern
long-eared (Myotis septentrionalis) and Indiana bats (Myotis sodalis) is limited on the Coastal
Plain of the eastern United States, particularly in the mid-Atlantic. Our research objectives were
to use ultrasonic acoustic monitoring and active capture to collect presence data for these species
and to examine seasonal activity levels and habitat characteristics across a portion of this region.
We monitored 63 acoustic monitoring stations during 2017-2019 across the Coastal Plain of
North Carolina and Virginia. Of the 14 recorders located in North Carolina, both species were
detected at 8 (57%) stations, respectively. We used generalized linear mixed-effects models to
examine the effect of various weather variables on nightly bat activity seasonally, and to analyze
the influence of various ecological factors on total recorder nights of probable presence per
species per recording station. Additionally, we radio-tagged northern long-eared bats at or near
the North Carolina Wildlife Resource Commission’s North River Game Land to determine day-
roost selection, roosting home range size, and second- and third-order habitat resource selection.
Northern long-eared bat activity peaked during mid-spring and was highest during warm, calm,
and dry nights. Indiana bat activity peaked in early spring but, unlike northern long-eared bats,
Indiana bat activity decreased with increasing temperatures and was higher during short bouts of
precipitation. Recorder nights of northern long-eared bat probable presence increased with
decreasing proximity to deciduous and evergreen forests but decreased with respect to mixed and
woody wetland forests. Similarly, recorder nights of Indiana bat probable presence increased
with decreasing distance to deciduous forests and woody wetlands but decreased nearer
evergreen and mixed forests. For day-roosts of northern long-eared bats, 6 tree species were

used, but > 50% occurred in suppressed and mid-story water tupelo (Nyssa aquatica) or Carolina
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ash (Fraxinus caroliniana). Most observed day-roosts (> 70%) occurred in cavities. Similar to
previous research in other regions, our 50% and 95% utilization distribution (UD) home range
estimates were 11.3 ha and 43.6 ha, respectively. At the second-order spatial scale, northern
long-eared bats selected for large (> 200 ha) forested wetlands and upland forests, and,
specifically, forests nearer open water that contained small canopy breaks. Lastly, at the third-
order spatial scale, areas farther from forest edge, non-forest areas, and large forest perforations
were selected. Based on these models, and a random sample of the local area (2.5 km buffer),
suitable day-roosting habitat appears limited and comprises < 10% of the landscape. Our results
suggest the need to conserve complex and large tracts of forested wetlands containing suppressed
and mid-story cavity bearing trees. However, the juxtaposition of upland forests appears likely
beneficial and is consistent with management efforts for these species throughout their traditional

range elsewhere.
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PROJECT SETTING

Introduction
Recent population declines of the northern long-eared (Myotis septentrionalis) and

Indiana bat (Myotis sodalis), caused by the fungal pathogen Pseudogymnoascus destructans
(white-nose syndrome [WNS]) have been extreme. Declines in the inland Northeast through the
central and southern Appalachians have exceeded >90%, with the formerly common northern
long-eared bat being largely absent in most of the landscape (Frick et al. 2016, Silvis et al. 2016,
De La Cruz et al. 2018). Within the central Appalachians specifically, functional extirpation
occurred rapidly with the infection of caves in karst areas of the High Appalachian Plateau where
long hibernation periods occur (Johnson et al. 2013, Ford et al. 2016a, Austin et al. 2018). Due
to this large multi-region decline, the northern long-eared bat was recently listed as threatened in
the United States (U.S. Fish and Wildlife Service 2015) and endangered in Canada (Committee
on the Status of Endangered Wildlife in Canada 2013). In addition to drastic additive mortality
caused by WNS, juvenile recruitment among the residual population appears to have declined
along the Appalachian Highlands of the mid-Atlantic (Francl et al. 2012, Reynolds et al. 2016),
and maternity colonies in the Ridge and Valley and Blue Ridge of Virginia (VA) have
experienced early-season colony collapse (Ford and Silvis 2017). Only within the lower
Piedmont/upper Coastal Plain of VA and lower Coastal Plain of North Carolina (NC) (Grider et
al. 2016, Kalen et al. 2017, Deeley et al. 2018), coastal Massachusetts (MA) (Dowling and
O’Dell 2018), coastal New York (NY) (Gorman et al. 2020), and the Appalachian Plateau of
West Virginia (WV) (De La Cruz et al. 2018) have colonies remained cohesive and reproduced

successfully.
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Once thought to only persist as far south and east as the Great Dismal Swamp, VA,
research and monitoring efforts in eastern NC have revealed the presence of both successfully
reproductive summer maternity colonies and overwintering populations of northern long-eared
bats (Grider et al. 2016, Morris et al. 2009. G. Jordan, U.S. Fish and Wildlife Service, unpubl.
data, K. Caldwell, North Carolina Wildlife Resources Commission, unpubl. data). Additionally,
White et al. (2018) captured non-reproductive northern long-eared bats in Beaufort County,
South Carolina (SC) during November 2016. Similarly, prior to 2014 the Indiana bat was
assumed absent east of the Blue Ridge Mountains in VA and NC. However, St.Germain et al.
(2017) documented Indiana bat reproduction on the northern Coastal Plain of VA, and Silvis et
al. (2017) suggests presence of the species to the south near the VA/NC border. Accordingly,
during 2017-2019, we targeted Coastal Plain sites in southeastern VA and northeastern NC to
conduct long-term monitoring and targeted capture efforts to provide a more focal examination
of the region. This report, while providing some comprehensive analyses, highlights work
primarily conducted in NC. Our major objectives were to 1) identify sites where northern long-
eared bats and/or Indiana bats were present; 2) describe habitat use/selection 3) examine effect of
weather on activity levels/recorder nights in relation to season; 4) identify potential conservation
needs to enhance management efforts in the region.

Study Area

We examined northern long-eared bat presence across 115,000 ha of the South Atlantic
Coastal Plain in northeastern NC (Fig. 1). Acoustic data were collected at three United States
Fish and Wildlife (USFWS) National Wildlife Refuges (NWR) in eastern NC (NC): Roanoke
River NWR (8,500 ha), Pocosin Lakes NWR (45,000 ha), and Alligator River NWR (61,500 ha).

East to west, these NWRs are largely located in the counties of Bertie, Tyrrell, and Dare,
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respectively. Mist net sampling data were collected at Roanoke River and Alligator River NRWs
and NC Wildlife Commission’s North River Game Land located in Camden and Currituck
counties, NC. Regional topography is characterized by a predominately flat alluvial plain ranging
< 180 m in elevation near the Fall Line to sea level at the coast. The study area is approximately
44% forested (34% woody wetland) and receives 100-150 cm of precipitation during mid-
summer (Hunter et al. 2001, Yang et al. 2018). Native upland forests are a southern mixed forest
of oak (Quercus spp.)/hickory (Carya spp.)/pine (Pinus spp.), historically containing a large
proportion of longleaf pine (Pinus palustris). On the Coastal Plain of North Carolina, much of
the native pocosin and woody wetlands were converted to short-rotation pine plantations, largely
planted loblolly pine (Pinus taeda), and agricultural fields. Alluvial woody wetlands of the
Coastal Plan are primarily composed of water tupelo (Nyssa aquatica), swamp tupelo (Nyssa
biflora), and bald cypress (Taxodium distichum), whereas non-alluvial wetlands often contain
pond pine (Pinus serotina) and bays (Persea spp.). Mean temperature during the maternity
season (June-August) is 26 °C and is 8 °C during the traditional hibernating season (November-

February) (PRISM Climate Group 2004).

METHODS

Acoustic Recording
Deployment Location and Data Collection
Acoustic presence/absence surveys involved deployment of Song Meter SM2 ZC and

Song Meter SM4 ZC (Wildlife Acoustics, Maynard, MA) recorders attached with SMM-U1
ultrasonic microphones. Recorders were programmed to record from sunset to sunrise relative to
individual recorder location. Recorders were deployed near 1) forest-canopy openings; 2) water

sources; 3) tree lines adjacent to large openings or that connect two larger blocks of forest; 4)
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near potential roost trees; and 5) road and/or stream corridors with open tree canopies (Britzke et
al. 2011). At n = 14 sites recorders were deployed: 1) > 3 m in any direction from vegetation or
other obstructions (Arnett and Hayes 2000, Weller and Zabel 2002, Chenger and Tyburec 2014);
2) in areas without, or with minimal, vegetation within 10 meters in front of the microphone; 3)
parallel to woodland edges; and 4) at least 15 m from known or suitable roosts (e.g., trees/snags,
buildings, bridges, bat houses, cave or mine portal entrances). Additionally, SMM-U1 ultrasonic
microphones were elevated > 1 m above ground level vegetation to gather the highest quality
calls possible. Detectors were checked on 30—60 days intervals, and data were downloaded and
returned to Virginia Tech for post-processing.

Acoustic sites were distributed within the respective NWRs as follows: Roanoke River n
= 5 sites, n = 4 sites Pocosin Lakes NWR, and Alligator River NWR; n = 5 sites in northeastern

NC. For all NWRs, mean distance between recording sites was x = 6 km (Table 1).

Analysis of Acoustic Data
The USFWS approved Kaleidoscope Pro (Version 4.5.5; Wildlife Acoustics, Maynard,

MAUL) was used to classify all files to species. Data were analyzed using the Bats of North
America 4.2.0 package of Kaleidoscope set at “0” sensitivity (Ford 2017). Kaleidoscope
examined the data for the presence of the following 12 species: Rafinesque’s big-eared bat
(Corynorhinus rafinesquii), big brown bat (Eptesicus fuscus), red bat (Lasiurus borealis), hoary

bat (L. cinereus), Seminole bat (L. seminolus), silver-haired bat (Lasionycteris noctivagans),

1 The use of any trade, product or firm names does not imply endorsement by the US government or Virginia Tech.

4
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southeastern bat (M. austroriparius), little brown bat (M. lucifugus), northern long-eared bat,
Indiana bat, evening bat (Nycticeius humeralis), and tricolored bat (Perimyotis subflavus).
Although the classifier may have returned a species-specific identification at the file level,
following USFWS protocol (United States Fish and Wildlife Service 2019), presence was
assumed during a night at a given recording station if a statistically significant maximum
likelihood estimation (MLE; P < 0.05) that accounts for known rates of misclassification was

produced.

Mist Netting
Net Locations
Netting at the three NWRs and the North River Game Land was conducted along

potential travel corridors such as streams, trails, skid road, but also over road ruts and pond
edges. Nets were placed perpendicular to corridors and filled the flyway from side-to-side and
from ground level to forest canopy. We prioritized mist netting at known capture sites and near
recordings stations that produced a significant MLE presence value for either northern long-

eared or Indiana bats. Typically, sites contained a minimum of 3 pole sets of 1-3 stacked nets.

Checking Nets
Each net was checked approximately every 10 minutes with duration never exceeding 15

minutes. Noise and light were minimized, and all other disturbances were avoided when
possible. The survey period began at sunset and continued for a minimum of 2-5 hours

(Huebschman 2019).

Weather Conditions
Netting was suspended on a given night if weather conditions included 1) temperatures

that fell below 10°C; 2) precipitation, including rain and/or heavy fog, exceeding 30 minutes; 3)
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sustained wind speeds greater than 4 m/sec for 30 minutes or more. Netting was cancelled for
personnel safety if lightning, or other dangerous inclement weather, was observed nearby.

To assess the impact of weather conditions (i.e., temperature (°C), relative humidity (%),
precipitation (cm), and total hours of precipitation) specific to acoustic presence determinations,
average nightly data (20:00-06:00) were downloaded from lowa Environmental Mesonet and
NC ASOS network (IEM 2019). Weather data were downloaded for 1 Jan 2018 to 31 August
2019. We examined the effect of weather conditions on both seasonal presence and activity
levels across both VA and NC due to the increased statistical power of the sample (n = 63) and

spatial distribution of weather stations.

Documentation and Processing of Captures
Captured bats were identified to species based on morphological characteristics (e.g., ear and

tragus length, presence/absence of calcar, etc.) and overall appearance of the animal (Menzel et
al. 2002). Documentation of capture site, date of capture, time of capture, sex, reproductive
condition, age, weight, right forearm measurement, band number and type (if applicable), and
Reichard’s wing damage index score was recorded for each bat captured (Reichard and Kunz
2009). Age of bats was determined by examining epiphyseal-diaphyseal fusion (i.e.,
calcification; adult vs. juvenile) of long bones in the wing. Length of the right forearm of each
bat was measured to the nearest 1.0 mm using a metric ruler. Weight was measured to 0.25
grams using a Pesola spring scale (© PESOLA AG, Switzerland). The reproductive condition of
captured bats was classified as non-descended male, descended male, non-reproductive female,
pregnant female (based on gentle abdominal palpation), lactating female, or post-lactating

female. Bat processing and data collection typically was completed within 15 minutes.
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The sex, reproductive condition, and GPS coordinates of captured northern long-eared
bats were provided to the UFWS NC Field Office and NC Wildlife Resources Commission.
Representative photo-documentation of captured northern long-eared are included as evidence of
proper field identification. Photo-documentation included diagnostic characteristics, specifically

a 3/4-view of the face showing ear, tragus, and muzzle.

Radio-tracking, Roost Documentation, and Home Range Analysis
Captured adult and reproductively active (i.e., pregnant, lactating, post-lactating) female

northern long-eared bats were affixed with radio transmitters. The radio transmitter, adhesive,
and any other markings (e.g., wing bands) complied with USFWS and state permits, weighed
less than 5% of pre-attachment body weight (Sikes and Gannon 2011), and did not weigh more
than 10% of a bat’s total body weight (Kurta and Murray 2002). Due to weight ratio limitations,
transmitters were not attached to juvenile bats. All radio-tagged bats were tracked to diurnal
roosts using TRX-1000WR tracking receivers (Wildlife Materials, Murphysboro, IL). Tracking
was conducted for 7 days or until transmitters fell off or died/malfunctioned. Radio telemetry
searches for day roosts were conducted until the bat(s) were located or for a minimum of 4 hours
of ground effort for each tagged bat; bats were tracked simultaneously.

For each roost identified during tracking, a Virginia Tech “Bat Roost Tree Measurement
Sheet” was completed. Following the methods of Silvis et al. (2012), data collected at each roost
included: tree species, diameter at breast height (DBH), canopy class (i.e., 1= emergent, 2 =
dominant, 3 = midstory, 4 = suppressed), height, decay stage (i.e., 1= alive, 2 = declining, 3 =
dead, 4 = loose bark ), roost type (i.e., cavity or bark), height to roost feature, canopy closure at
cardinal directions, percent bark remaining, and basal area (20 factor prism). Similar data from
neighboring non-roost trees were collected (e.g., species, height, DBH) to characterize the forest

7
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near roost trees and to allow for comparison of used trees to those readily available for potential
use as roosts.

Home range estimates were constructed using the Gaussian, fixed kernel method, with
plug-in estimator for the smoothing parameter (h), in the program Geospatial Modeling
Environment (GME, version 0.7.4.0) using the function kde; we constructed 50% and 95%
utilization distributions (UD) using the function isopleth (David et al. 2012, Beyer 2015).
Additional roost data (n = 20) provided by VHB Ecological Engineering (D. Brown, Raleigh,
NC; unpubl. data) were included in home range estimates but were not included in roost analysis
of roost characteristics due to differences in data collection.

Landscape Associations

Following De La Cruz et al. (2018), to assess habitats near acoustic sites and within home
ranges, distance to land-cover types and forest fragments was recorded. Distance was defined as
the Euclidean distance from areas of interest to the nearest feature as measured with the Joins
and Relates tools of ArcGIS (version 10.3; ESRI, Inc., Redlands, CA). Distance measures were
based on random and stratified random points generated around acoustic sites (n = 14 - 5 km
buffers; n = 1000 per buffer) and within 50% UD (n = 100) and 95% UD (n = 200) home ranges,
and the 2.5 km regional buffer (n = 2500) around the home ranges. Random and stratified
random points were created using the functions genrandompnts and genstratrandompnts in GME
(Beyer 2015).

We used 2016 National Land Cover Data (NLCD) to characterize land-cover surrounding
acoustic sampling sites (Yang et al. 2018). However, due to the finer spatial scale, habitats
within home ranges, and the surrounding regional buffer, we used the Image Classification

extension within Spatial Analyst to extract land-cover classes from aerial imagery provided by
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the 2018 National Agriculture Imagery Program (NAIP; U.S. Department of Agriculture 2018).
We utilized a supervised, maximum-likelihood classification to create 7 cover-classes: woody
wetlands, mixed upland forests, barren/crop, herbaceous/crop, developed/road, open water, and
canopy breaks (De La Cruz et al. 2018, Dewan and Yamaguchi 2009).

Based on NLCD data, we examined forest fragmentation (i.e., forest or non-forest) using
the Landscape Fragmentation Tool of ArcGIS and classified forest fragmentation into 4 primary
categories: patch (forest fragments degraded by edge effect), edge (forest periphery degraded by
edge effect), perforated (interior forest edge), and core forest (forest area not degraded by edge
effect). We further classified core forest as small (<100 ha), medium (100-200 ha), or large
(>200 ha) (De La Cruz et al. 2018, Vogt et al. 2007).

Statistical Analysis

To assess the seasonal effect of weather (e.g., temperature and precipitation) and
landscape variables (e.g., landcover and fragmentation) on the presence and activity levels of
northern long-eared and Indiana bats from acoustic recordings, we fit generalized linear mixed-
effect (recording station and year) models ranked by AIC (Patriquin et al. 2016). We assessed
significance of individual parameters within the best-supported model by using Wald’s chi-
square test, and overall fit of the model by using the log-likelihood-ratio test against a null
model as well as the area under the receiver operating characteristic curve (AUC).

To compare characteristics (i.e., DBH, height, crown class, and decay stage) between
roosts of radio-tracked northern long-eared bats and those of neighboring non-roost trees, we fit
global, binomial, generalized linear models that incorporated all variables, ranked by Akaike’s
information criterion (AIC), using a stepwise procedure on bootstrap samples (n = 1000) of the

data (De La Cruz et al. 2018). Rather than compare a suite of intuitive models, this method
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investigates variability of model selection via data simulation—model refit using simulated data
and the application of the stepAIC algorithm to the refitted model(s) to find the best-supported
model (Dunn et al. 2010, Stepper et al. 2015). We employed a chi-square goodness-of-fit test to
determine if neighboring trees and trees used by Northern Long-eared Bats were uniformly
distributed by species and roost type (i.e., cavity, loose bark). We analyzed habitat selection
within the region (95% UD within 2.5 km) and selection within the roosting home range (50%
UD within 95% UD) using a quadratic discriminant functional analysis, evaluating significance
of individual parameters using a MANOVA and overall fit of models by classification matrix
(i.e., predicted vs actual) and AUC.

We conducted all statistical analyses in RStudio (version 1.2.5001, RStudio, Inc., Boston,

MA) and all tests were performed using o < 0.05 to determine significance.

RESULTS

Acoustic Recording
Acoustic Recording Effort and Total Bat Calls
Specific to the 14 acoustic recorders located in NC, a total 502,267 files were recorded

over 1,339 recorder nights (30 April 2018-14 August 2019), and from these data Kaleidoscope
identified 125,261 files (25%) to species. Tricolored bats were the most commonly recorded
species (32,485; 26%), followed by the Seminole bat (22,784; 18%), silver-haired bat (15,770;
13%), hoary bat (10,640; 9%), little brown bat (10,496; 8%), big brown bat (10,421; 8%),
evening bat (10,329; 8%), red bat (6,587; 5%), southeastern bat (3,218; 3%), Indiana bat (1,364,

1%), northern long-eared bat (1,110; 1%), and Rafinesque's big-eared bat (57; <1%) (Table 2).
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Acoustic Presence of Threatened and Endangered Bats
Only at AR-03 (Alligator River) were no potential calls of either the northern long-eared

or Indiana bat recorded; it should be noted that AR-03 was destroyed sometime after 30 May
2018 and produced only 22 recorder nights of data. Both species were recorded nearly equally
throughout the sample period, with 1,110 (northern long-eared) and 1,364 (Indiana bat)
recordings collected across all sites (Table 2). Of the 14 total acoustic sampling sites, Indiana
bats, via a statistically significant MLE, appear likely present at some point in the year at 11
(79%) recording sites. Similarly, northern long-eared bats also appear likely present at 11
recording sites, however, presence of the two species overlapped only at 8 sites: AR-01, AR-05,
PL-03, PL-04, RR-01, RR-02, RR-05, and RR-06 (Table 3). Northern long-eared bats were
recorded most often and appeared likely present during 50 recorder nights (39%) at AR-05; AR-
05 is a known capture location of the species. Indiana bats were recorded most often and
appeared likely present during 41 recorder nights at RR-06 (58%) (Table 3); no capture effort
was conducted at RR-06.

Seasonally, northern long-eared bat activity begins to increase in mid- to late-February, is
highest between early April through mid-May, and declines steadily thereafter (Fig. 2). Unlike
northern long-eared bats, Indiana bat activity appears to peak in late-March and declines
precipitously thereafter (Fig. 3). These results suggest a more prolonged presence of northern
long-eared bats on the spring and summer landscape than Indiana bats and may suggest more
wide-spread reproduction; whereas, Indiana bats may primarily use the region as a winter
refugia.

Weather during spring affected activity levels of northern long-eared bats (Table 4, Fig.

4). Specifically, as temperatures rise bats become more active, but that activity is depressed with
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the inclusion of high winds and precipitation. In summer northern long-eared bat activity was
depressed by excessive heat and rising humidity, but also with increases in wind speeds (Table 5,
Fig. 5). During winter, northern long-eared bats were more active during warm, humid and
breezy nights; however, similar to spring, precipitation dampened activity (Table 6, Fig. 6). Due
to a lack northern long-eared bat recordings, no analysis specific to fall weather was conducted.
Unlike northern long-eared bats, Indiana bats appeared more active at cooler
temperatures and during short periods of precipitation in the spring (Table 7., Fig. 7). During
summer, Indiana bat activity was highest during dry and calm nights of high relative humidity
(Table 8, Fig. 8). Similar to spring, Indiana bat activity during fall was highest during cooler and
breezy nights of high relative humidity, but with little or no precipitation (Table 9, Fig. 9).
Finally, during winter, Indiana bat activity was highest during warmer and more humid nights,
but with little or no precipitation (Table 10, Fig. 10).
Mist Netting

Bat Captures
During 88 net nights of sampling, 134 bats were captured across the study area during

2018 and 2019. Evening bats were the most frequently captured bats (n = 33; 25%), followed by
southeastern bats (n = 26; 19%), red bats (n = 22; 16%), Rafinesque’s big-eared bats (n = 19;
14%), big brown bats (n = 16; 12%), northern long-eared bats (n = 12; 9%), tricolored bats (n =
5; 4%), and a single Seminole bat (<1%) (Table 11).

Roanoke River NWR accounted for most captures (n = 63; 47%), followed by North
River Game Lands (n = 40; 30%) and Alligator River (n = 31; 23%). Evening bats were captured
at all sites but at very low numbers at Roanoke River (n = 2). No southeastern bats were captured

at Alligator River, whereas 22 were captured at Roanoke River and four at North River Game
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Lands. Red bats were captured at similar numbers from all tracts. Similar to southeastern bats,
Rafinesque’s big-eared bats were not captured at Alligator River, but 15 bats were captured from
Roanoke River and four from North River Game Lands. Big brown bats were captured at all
sites; however, big brown bats appear more concentrated at Roanoke River accounting for 56%
of all captures. The range of the northern long-eared bat appears most restricted across the study
area and nearest the coast, with captures exclusive to North River Game Land. Tricolored bats
were captured at low numbers from all tracts. A single female Seminole bat was captured at

Alligator River; the study area lies near the northern extent of the species range (Perry 2018).

Captures of Threatened and Endangered Bats
Northern long-eared bats were captured during 17 June—28 June 2019 at North River

Game Lands. Northern long-eared bats comprised 9% of all captures but were only captured at
North River Game Lands. However, the majority of northern long-eared bats captured were
reproductive, adult female bats (58%; lactating = 6, post-lactating = 1), followed by four juvenile
bats (33%; male = 3, female = 1) and only one (8%) non-reproductive adult male. All captured
adult females were found to be suitable from a weight perspective for radio-tracking and were
fitted with transmitters to locate day roosts. Additionally, wing-punch samples were taken from
captured northern long-eared bats for later DNA analysis across the entire mid-Atlantic region.

No Indiana bats were captured.

Located Roost Trees and Roost Selection
A total of 15 roost trees comprised of six species were located at North River Game

Lands (Table 12). Trees used as diurnal roosts by northern long-eared bats include: water tupelo
(Nyssa aquatica) (n = 5, 33%), Carolina ash (Fraxinus caroliniana) (n = 3, 20%), red maple

(Acer rubrum) (n = 2, 13%), swamp bay (Persea palustris) (n = 2, 13%), sweetgum
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(Liguidambar styraciflua) (n = 2, 13%), and American holly (llex opaca) (n = 1, 7%). Most
northern long-eared bats roosted in cavities (n = 15; 73%), with only four (27%) found roosting
under exfoliating bark. No tree species (y* = 2.73, df = 6, P = 0.84) or roost type (x> = 0.26, df =
1, P =0.61) was used more than expected based on availability. The largest emergence count (n
= 3) suggest that no roost tree located was used as a primary maternity colony roost and that the
primary parturition/early lactation pre-volancy period had passed.

The best-supported model differentiating roost characteristics at the 15 located roost trees
used by northern long-eared bats from 60 neighboring non-roost trees contained roost height,
crown class, and decay stage (Table 13, Fig. 11). Under this model, probability of roost
occupancy is highest in mid-story and suppressed trees, specifically decaying (i.e., dead trees)
trees < 9 m tall. This model provided a better fit than the null model (log-likelihood = -37.53, df
=7, P =0.002) and displayed moderate predictive power (AUC = 0.83).

Landscape Associations

Acoustics
Probability of northern long-eared presence increased with decreasing proximity to

deciduous and evergreen forests but increased with increasing distance from areas of mixed and
woody wetland forests (Table 14; Fig. 12). This model provided a better fit than the null model
(log-likelihood = -167.16, df = 4, P < 0.001) and displayed moderate predictive power (AUC =
0.89). Similarly, probability of Indiana bat presence increased with decreasing distance to
deciduous forests but also woody wetland forests. Additionally, probability of Indiana bat
presence increased with increasing distance from evergreen and mixed forests (Table 15; Fig.
13). This model provided a better fit than the null model (log-likelihood = -109.88, df =4, P <

0.001) and displayed moderate predictive power (AUC = 0.90).
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Home Range Estimates
Based on n = 35 roost trees, 50% UD and 95% UD roosting home ranges were 11.3 ha

and 43.6 ha (Fig. 14), respectively. Additional roost data (n = 20) provided by VHB Ecological
Engineering (D. Brown, Raleigh, NC; unpubl. data) were included in home range estimates.
Core home range within a periphery habitat selection suggests that northern long-eared
bats select for areas farther from forest edges, non-forest areas, and large forest perforations.
Overall model accuracy was fair at 80% and displayed moderate predictive power (AUC = 0.90;
Fig. 14; Table 16). Similarly, selection of habitat comparing the peripheral home range to the
region within a 2.5 km buffer suggests selection of areas nearer large core upland and woody
wetlands containing small canopy breaks. The overall accuracy of this model was high 92% and

displayed strong predictive power (AUC = 0.98; Fig. 14; Table 17).

DISCUSSION

Few data regarding probable presence, activity levels, and habitat selection of northern
long-eared and Indiana bats on the Coastal Plain are available, and their use of these regional
habitats have been rarely or only cursorily documented (Morris et al. 2009, Grider et al. 2016,
St.Germain et al. 2017, White et al. 2018). Our results support the findings of previous research
that northern long-eared bats do use the Coastal Plain of NC both as maternity habitat and winter
refugia, and, despite no captures, our acoustic recording efforts suggest the likely presence of
Indiana bats in the region.

Nonetheless, acoustic recordings of the northern long-eared and Indiana bats were low
and likely reflect either the decline of these species post-WNS (Frick et al. 2010) or a general

rarity and patchy distribution in the area. Northern long-eared bats were recorded most often and
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appeared likely present at Alligator River NWR, a known capture location of the species, and
Indiana bats were recorded most often and appeared likely present at Roanoke River NWR. Due
to the likely presence determinations, these NWRs are of high conservation value and necessitate
additional research effort to better understand current distribution/habits of these therein.

Seasonally, northern long-eared bat activity is highest and most consistent during spring,
whereas Indiana bat activity appears to peak in late-March and declines quickly. These results
alone suggest use of the Coastal Plain by northern long-eared bats during maternity season, while
Indiana bats appear to primarily use the region as a winter refugia; use as winter refugia may
explain the lack of Indiana bat captures during spring and summer. Additionally, the Coastal
Plain of southeastern VA and northeastern NC may serve as the over-wintering grounds for the
Indiana bats of St.Germain et al. (2017) located at Fort A.P. Hill Military Reservation in
Caroline County, VA, along the Piedmont-Coastal Plain Fall Line. Despite population declines
post-WNS (Frick et al. 2010, Silvis et al. 2016) of little brown and tricolored bats (Dzal et al.
2011, Powers et al. 2015), our results still suggest wide-ranging presence on the Coastal Plain.
However, due to the plasticity of red bat calls, acoustic call totals related to the Seminole bat,
specifically, but also the little brown bat and to a lesser degree Indiana bats, should be viewed
with caution (Nocera et al. 2019).

Northern long-eared bats were only captured at North River Game Land, supporting the
hypothesis of current population localization, specifically nearer the coast of NC and VA (Silvis
etal. 2017, De La Cruz et al. 2018, Jordan 2019). Similar to research conducted in the mid-Ohio
Valley of Kentucky (KY), the central Appalachians of West Virginia, and the Piedmont and
Coastal Plain of VA, northern long-eared bats at North River Game Land roosted in dense

canopy forests and in small, suppressed trees that receive little direct sunlight (Deeley et al.
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2018, De La Cruz et al. 2018, Johnson et al. 2012, Kalen et al. 2017, Lacki and Schweirjohann
2001, Menzel et al. 2002, Silvis et al. 2012). Congruent with the findings of Silvis et al. (2012)
and Patriquin et al. (2017) from KY, northern long-eared bats in coastal NC use shorter and
highly decayed (i.e., dead with loose bark) roost trees, behavior likely linked to the hot and
humid nature of the region. While reproduction of northern long-eared bats was well documented
(i.e., presence of juveniles, lactation), emergence counts were low, seemingly due to early
juvenile volancy (Silvis et al. 2014). This early volancy may be due to accelerated fetal
development caused by high ambient temperatures relative to the core of the species range
(Willis et al. 2006) and has been observed in residual northern long-eared bats in the District of
Columbia (S. Deeley, pers. comm).

Our results support the observations of others that northern long-eared bats require
reasonably large areas of contiguous forest for both roosting and foraging (Sasse and Pekins
1996, Lacki and Schweirjohann 2001, Carter and Feldhamer 2005, Broders et al. 2006, Perry and
Thill 2007, Henderson and Broders 2008, De La Cruz et al. 2018). The 50% and 95% UD
roosting home range estimates from North River Game Land are similar to those observed in
other areas of large, contiguous forest (Owen et al. 2003, Silvis et al. 2012). Conservation
practices on the Coastal Plain should take into consideration that home range size tends to
increase with poor resource quality and/or availability and can vary between core and peripheral
populations with respect to first-order selection (Dussault et al. 2005, Koprowski et al. 2008).

Measures of canopy closure indicate that northern long-eared bats use suppressed and
shaded trees that receive little direct sunlight (Lacki and Schweirjohann 2001, Menzel et al.
2002b, Johnson et al. 2012, Silvis et al. 2012). Patriquin et al. (2017) defines the upper

thermoneutral zone of northern long-eared bats as 30 °C, and as temperatures approached this
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threshold across eastern NC, northern long-eared bat activity decreased sharply. The highly
shaded roosts used at North River Game Land may be in response to the extreme summer
temperatures of the region. However, research has also shown that northern long-eared bats
select forests frequently altered by small-scale disturbances, alterations that, while not stand-
replacing, create more roosts and enhance the quality (i.e., increased solar exposure, exfoliating
bark) of existing roosts available for use (Johnson et al. 2009, Ford et al. 2016a, b). Our results
demonstrate both the use of suppressed and shaded roost trees but also the selection of small-
scale disturbances (i.e., canopy breaks < 100 m in diameter) that promote increased solar
radiation. Northern long-eared bats at North River Game Land selected for roosting areas in
woody wetlands, but these areas were nearer to dry upland areas than random. Although trees
readily establish or regenerate in this wetland/upland interface, the fluctuating water regime and
overall high canopy cover stresses, promotes rot, and causes mortality of trees. Similar to the
processes described by Silvis et al. (2012), it may be that the dynamic forces located within this
habitat interface promotes the continual creation of natural roosts and the variety of conditions
necessary for use by northern long-eared bats seasonally. These results suggest a requirement for
the juxtaposition of woody wetland roosting areas with upland forest foraging areas, and the
heterogeneous resources created at the overlapping edge of these habitats locally.

Recently, reproductively successful colonies have been documented on the Western
Allegheny Plateau of WV (De La Cruz et al. 2018), the North Atlantic Coast of NY (Barr et al.,
2018, Virginia Tech, unpubl. data), and the Chesapeake Bay Lowlands of Washington D.C.
(Deeley et al. 2018). These populations may demonstrate persistence due to little or no exposure
to WNS via use of unique hibernacula, and therefore lack of exposure to WNS-vectoring species

such as little brown bats, latitudinal migration (i.e., non-hibernation), or a combination of both
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alternative hibernacula and over-wintering coastal habitats. As more northern long-eared bat
colonies collapse and recruitment fails (Francl et al. 2012, Reynolds et al. 2016), particularly
those populations associated with traditional karst hibernacula of the Appalachians, an
understanding of why the species persists and successfully reproduces in isolated pockets of its
range will be critical for the conservation of the species. Current research suggests that the mild
climate along the Fall Line of VA (Kalen et al. 2017), and of the Coastal Plain of VAs and
northeastern NC, allows the species to persist on the landscape year-round, albeit perhaps at
lower densities relative to pre-WNS, thus behaviorally avoiding WNS-impacted hibernacula
completely (Grider et al. 2016, Ford and Silvis 2017, Deeley et al. 2018). Additionally, recent
findings suggest that the use of unique, non-traditional hibernacula (i.e., basements, coal adits)
may allow the species to avoid long-term exposure to WNS in colder regions where northern
long-eared bats still persist (De La Cruz and Schroder 2015, Dowling and O’Dell 2018).
Indiana bats often select roosting habitats in close proximity to foraging sites and
generally selects forests of similar structure throughout their range (i.e., forests containing large
diameter trees with sloughing bark, crevices and/or cavities) (Jachowski et al. 2014), suggesting
that results here may provide some insight into roosting habitat in the region despite the lack of
physical capture (De La Cruz and Ward 2016). The use of large tracts of forests, displaying
closed to semi-open canopies, likely provides a more diverse range of roost trees and foraging
habitats available to colonies (Humphrey et al. 1977, Laval and Laval 1980, Brack 1983,
Callahan 1993, Ford et al. 2005), and such forests have been shown particularly important to the
species in areas of high agricultural development (Womack et al. 2013, Jachowski et al. 2014).
Similar to the mixed composition of forests found at North River Game Land and across much of

the study area, Britzke et al. (2003) documented the use of mixed upland (i.e., pine/hardwood)
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forests by Indiana bats in western NC and eastern Tennessee (TN). The positive relationship
between recorder nights and deciduous forests and woody wetlands here suggests the need to
conserve large and diverse tracts as foraging and roosting habitat in eastern NC. Humphrey et al.
(1977) demonstrated that Indiana bats foraged exclusively in riparian forests. The wide
availability of alluvial bottomland throughout the study area may concentrate insect populations,
thus providing a diverse and abundant forage base to Indiana bats (Menzel et al. 2005). In
addition to being potential foraging and roosting habitats, the alluvial bottomland forests of the
Roanoke River, Chowan River, Perquimans River, Little River, Pasquotank River, North River,
Northwest River, and North Landing River may serve as regional travel corridors between over-
wintering sites in NC and maternity areas to the north in VA and beyond (Menzel et al. 2005).
The negative relationship between activity and temperature, lack of capture, and peak of activity
in mid-March observed during this research, suggests the region is likely not used in the
formation of maternity colonies but potentially as winter refugia.

Our findings provide a regional assessment of probable presence, activity levels, and
habitat selection of northern long-eared and Indiana bats on the Coastal Plain and can be used to
identify candidate areas for conservation planning in NC and VA. Conservation efforts regarding
both northern long-eared and Indiana bats should be focused in large tracts (> 200 ha) of
contiguous deciduous upland and woody wetland forest cover. Specific to northern long-eared
bats, large contiguous woody wetlands adjacent to tracts of upland deciduous forest, and that
contain small, cavity bearing and/or dead trees, should be conserved for both foraging, the
formation of maternity colonies, and over-wintering. Regionally, future research should again
focus on capture of Indiana and northern long-eared bats during deep winter. For example, RR-

06 should be netted for the capture of Indiana bats to facilitate tracking and identification of roost
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use and habitat selection, and such efforts would also help to confirm or disprove the presence of
Indiana bats in the region. Although survey effort exceeded USFWS guidelines for accepted
presence using acoustic techniques, results here demonstrate the likely presence of Indiana bats
on the Coastal Plain of NC rather than an unquestionable record. Conservation efforts are more
effective when based upon information collected at a local level (De La Cruz and Ward 2016),
and our results address conservation priorities of both summer foraging and roosting home

range/habitat selection, particularly for the threatened northern long-eared bat.
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TABLES

Table 1. Acoustic recorder locations, survey dates, and number of recorder nights collected from
three USFWS NWRs in Bertie, Tyrrell, and Dare counties, NC, 2018-20109.

Tract Site Latitude Longitude Survey Dates Recorder Nights
Alligator River AR-01 35.82534 -75.89526 5/18 — 8/18; 2/19; 4/19 - 5/19 75
AR-02 35.80086 -75.84803 5/18 — 8/18; 2/19; 4/19 - 7/19 128
AR-03 35.79565 -75.88512 5/18 —5/30 22
AR-04 3578212 -75.90149 5/18 —5/18; 11/18; 4/19 - 5/19 32
AR-05 35.82958 -75.90258 6/18; 8/18 — 8/19 236
Pocosin Lakes PL-01 35.76384 -76.26382 5/18 —8/18; 11/18; 2/19; 4/19 — 7/19 175
PL-02 35.74665 -76.26725  5/18;8/18 —9/18; 2/19; 4/19 - 7/19 92
PL-03 35.7434 -76.32426 5/18 — 8/18; 11/18; 2/19; 5/19 57
PL-04 35.70845 -76.34125 5/18-8/18;11/18; 2/19; 4/19-6/19 101
Roanoke River RR-01 35.97368 -77.16498 4/18 - 8/18 87
RR-02 359695 -77.14152 4/18 - 8/18 68
RR-03 35.96429 -77.14864 6/18 —8/18 45
RR-05 35.90211 -77.01897 4/18 —8/18; 11/18; 2/19; 4/19 — 6/19 104
RR-06 35.89753 -77.00919 4/18 —8/18; 11/18; 2/19; 3/19 — 4/19 127
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Table 2. Total number of calls per recording site (n = 14) as identified by Kaleidoscope Pro (v. 4.2.0) from three USFWS NWRs in
Bertie, Tyrrell, and Dare counties, NC, 2018-20109.

Tract Site CORA EPFU LABO LACI LANO LASE MYAU MYLU MYSE MYSO NYHU PESU
Alligator River ~ AR-01 720 235 1020 3115 1665 73 416 9 24 181 1507
AR-02 2142 279 87 1024 1686 13 183 21 23 462 449
AR-03 66 79 72 317 377 3 111 41 246
AR-04 2 2033 263 76 540 2157 5 149 10 2 1783 287
AR-05 43 3732 1856 2282 1329 3240 221 2255 283 66 4472 20364
Pocosin Lakes PL-01 2 312 1482 223 729 5923 133 3178 153 34 755 3376
PL-02 1 179 282 753 477 1708 141 405 33 9 299 488
PL-03 16 415 11 9 26 120 629 26 33 188 1648
PL-04 63 203 1068 3375 1864 23 235 1 20 171 517
Roanoke River RR-01 26 155 175 264 2396 20 72 3 11 66 1266
RR-02 3 64 243 6 25 81 53 401 9 49 126 469
RR-03 76 125 40 20 276 17 203 5 24 244 353
RR-05 5 790 450 423 622 1240 1022 1019 168 225 1371 1436
RR-06 1 202 520 4404 3924 145 1374 1240 379 844 170 79
Grand Total 57 10421 6587 10640 15770 22784 3218 10496 1110 1364 10329 32485

CORA = C. rafinesquii; EPFU = E. fuscus; LABO = L. borealis; LACI = L. cinereus; LANO = L. noctivagans; LASE = L. seminolus; MYAU =
M. austroriparius; MYLU = M. lucifugus; MY SE = M. septentrionalis; MYSO = M. sodalis; NYHU = N. humeralis; PESU = P. subflavus.
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Table 3. Total recorder nights of likely presence (P < 0.05) and total calls of northern long-eared
and Indiana bats at three USFWS NWRs in Bertie, Tyrrell, and Dare counties, NC, 2018-2019.

Species Site Recorder Nights Total Calls
Northern long-eared Alligator River AR-01 6 12
AR-04 2 4
AR-05 50 220
Pocosin Lakes PL-01 19 108
PL-02 3 22
PL-03 2 8
PL-04 2 3
Roanoke River RR-01 1 1
RR-02 3 5
RR-05 9 133
RR-06 31 283
Sub-total 128 799
Indiana bat Alligator River AR-01 1 3
AR-02 3 6
AR-05 2 8
Pocosin Lakes PL-03 2 7
PL-04 2 12
Roanoke River RR-01 1 2
RR-02 3 17
RR-03 1 2
RR-05 15 132
RR-06 41 767
Sub-total 71 956
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Table 4. Parameters and summary of model describing the influence of weather regarding nightly
activity levels of northern long-eared bats (Myotis septentrionalis) on the Coastal Plain of NC
and VA during spring, 2017-2019.

Variable DF Wald X2 P>X?2
Temperature 1 39.43 <0.01
Humidity 1 1.13 0.29
Wind 1 15.58 <0.01
Precipitation 1 5.95 0.01
Hours of Precipitation 1 0.04 0.85
Model Log-likelihood P>X?2 AUC
MYSE ~ Temp + Humidity + Wind + Precipitation 11273 <0.01 0.84

+ Hours of Precipitation + (1]Years) + (1|Station)

Table 5. Parameters and summary of model describing the influence of weather regarding nightly
activity levels of northern long-eared bats (Myotis septentrionalis) on the Coastal Plain of NC
and VA during summer, 2017-2019.

Variable DF Wald X2 P>X?2
Temperature 1 35.79 <0.01
Humidity 1 6.87 <0.01
Wind 1 11.19 <0.01
Precipitation 1 0.16 0.69
Hours of Precipitation 1 2.02 0.15
Model Log-likelihood P>X?2 AUC
MYSE ~ Temp + Humidity + Wind + Precipitation -960.79 <0.01 0.81

+ Hours of Precipitation + (1|Station)

Table 6. Parameters and summary of model describing the influence of weather regarding nightly
activity levels of northern long-eared bats (Myotis septentrionalis) on the Coastal Plain of NC
and VA during winter, 2017-20109.

Variable DF Wald X? P >X?
Temperature 1 11.37 <0.01
Humidity 1 15.9 <0.01
Wind 1 42.65 <0.01
Precipitation 1 2.84 0.09
Hours of Precipitation 1 11.43 <0.01
Model Log-likelihood P>X? AUC
MYSE ~ Temp + Humidity + Wind + Precipitation 293906 <0.01 0.88

+ Hours of Precipitation + (1|Station)
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Table 7. Parameters and summary of model describing the influence of weather regarding nightly
activity levels of Indiana bats (Myotis sodalis) on the Coastal Plain of NC and VA during spring,
2017-2019.

Variable DF Wald X2 P>X?2
Temperature 1 9.06 <0.01
Humidity 1 1.96 0.16
Wind 1 1.56 0.21
Precipitation 1 31.53 <0.01
Hours of Precipitation 1 13.28 <0.01
Model Log-likelihood P>X?2 AUC
MYSO ~ Temp + Humidity + Wind + Precipitation -4090.0 <0.01 0.81

+ Hours of Precipitation + (1]Years) + (1|Station)

Table 8. Parameters and summary of model describing the influence of weather regarding nightly
activity levels of Indiana bats (Myotis sodalis) on the Coastal Plain of NC and VA during
summer, 2017-2019.

Variable DF Wald X? P >X?
Temperature 1 0.64 0.42
Humidity 1 194.70 <0.01
Wind 1 74.95 <0.01
Precipitation 1 21.26 <0.01
Hours of Precipitation 1 14.95 <0.01
Model Log-likelihood P>X?2 AUC
MYSO ~ Temp + Humidity + Wind + Precipitation 9564.6 <0.01 0.92

+ Hours of Precipitation + (1|Years) + (1]Station)

Table 9. Parameters and summary of model describing the influence of weather regarding nightly
activity levels of Indiana bats (Myotis sodalis) on the Coastal Plain of NC and VA during fall,
2017-20109.

Variable DF Wald X? P >X?
Temperature 1 464.40 <0.01
Humidity 1 80.72 <0.01
Wind 1 9.73 <0.01
Precipitation 1 6.95 <0.01
Hours of Precipitation 1 0.25 0.62
Model Log-likelihood P>X? AUC
MYSO ~ Temp + Humidity + Wind + Precipitation -6206.1 <0.01 0.82

+ Hours of Precipitation + (1|Years)
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Table 10. Parameters and summary of model describing the influence of weather regarding

nightly activity levels of Indiana bats (Myotis sodalis) on the Coastal Plain of NC and VA during
winter, 2017-2019.

Variable DF Wald X2 P>X?2
Temperature 1 175.86 <0.01
Humidity 1 103.43 <0.01
Wind 1 1.65 0.20
Precipitation 1 8.04 <0.01
Hours of Precipitation 1 1003.22 <0.01
Model Log-likelihood P>X?2 AUC
MYSO ~ Temp + Humidity + Wind + Precipitation -1999.5 <0.01 0.84

+ Hours of Precipitation + (1|Station)
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Table 11. Bats captured from sample sites located in Bertie, Currituck, Tyrrell, and Dare counties, NC, 2018-2019.

Site Long Lat Scientific Name Apr May Jun  Aug Apr May Jun Total
2018 2019

Alligator River

Site 01 -75.90267 35.82944 EPFU 1 1 1 3
LABO 1 3 2 6
LASE 1 1
NYHU 8 11 1 20
PESU 1 1

North River Game

Site 01 -76.00725 36.38263 CORA 4 4
EPFU 4 4
LABO 3 3
MYAU 4 4
MY SE 12 12
NYHU 11 11
PESU 2 2

Roanoke River

Site 01 -77.14166 35.96985 CORA 8 8
LABO 4 1 5
MYAU 13 13
NYHU 1 1

Site 02 -77.16503 35.9734 CORA 7 7
EPFU 1 1
LABO 6 1 7
MYAU 7 1 8
NYHU 1 1
PESU 1 1

Site 03 -77.02264 35.9037 MYAU 1 1

Site 05 -77.10665 35.93336 EPFU 8 8
LABO 1 1
PESU 1 1

Grand Total 5 46 10 17 2 14 40 134

CORA = C. rafinesquii; EPFU = E. fuscus; LABO = L. borealis; LACI = L. cinereus; LANO = L. noctivagans; LASE = L. seminolus; MYAU =
M. austroriparius; MYLU = M. lucifugus; MY SE = M. septentrionalis; MYSO = M. sodalis; NYHU = N. humeralis; PESU = P. subflavus.
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Table 12. Northern long-eared bat (Myotis septentrionalis) roosts located at Norther River Game Lands, Currituck County, NC, 2019.

Roost  Lat Lon Species DBH Canopy Total Decay Roost Roost Avg. Canopy Bark Basal Area
g P (cm) Class* Height (m) Class® Type Height (m) Closure (%) Remaining (%) (20 factor)

14001 3637952 -76.01038 L-lduldambar 5, g 7 4 Bark 5 97 75 12
styraciflua

549 01 36.37998 -76.01226 Acer rubrum 6.2 4 4 1 Cavity 2 98 100 11

549 02 36.37966 -76.01023 Nyssa aquatica 9.5 4 5 1 Cavity 2 97 100 16

549 03 36.38048 -76.01128 Persea palustris 18.5 2 9 2 Cavity 2 80 100 8

590 01 36.37968 -76.01054 Nyssa aquatica  13.5 3 8 1 Cavity 4 95 100 9

590 02 36.3799 -76.01086 Persea palustris 12.6 3 9 2 Cavity 5 91 100 13

706_01 3637952 -76.01196 | aXinus 9 3 9 3 Cavity 1 95 100 13
caroliniana

706_02 3638113 -76.00761 I aXinus 132 3 6 4 Bark 5 76 40 8
caroliniana

706_03 36.38092 -76.00749 Acer rubrum 18.8 3 8 4 Bark 5 92 60 9

745.01 36.38006 -76.00979 ' 'oXInus 11 4 5 1 Cavity 1 9 100 9

- caroliniana

745 02 36.37965 -76.00806 Ilex opaca 13 4 6 3 Cavity 2 96 100 7

786 01 36.38098 -76.01336 Nyssa aquatica 8.3 3 8 1 Cavity 1 97 100 16
Liquidambar

909_01 36.38115 -76.0063 - 13 3 8 4 Bark 6 96 75 7
styraciflua

909 02 36.38141 -76.00948 Nyssa aquatica  12.5 2 11 1 Cavity 4 97 100 16

909 03 36.38076 -76.00802 Nyssa aquatica  18.8 2 11 1 Cavity 5 95 100 13
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Table 13. Parameters and summary of model describing characteristics of roosts (n = 15) used by

female northern long-eared bats (Myotis septentrionalis) on the Coastal Plain of NC, 2019.

Variable DF Wald X2 P>X?2
Height 1 5.59 0.07
DBH 1 0.05 0.66
Crown Class 2 5.45 0.24
Decay Stage 3 11.06 0.02
Model Log-likelihood P>X?2 AUC
Use ~ Height + DBH + Crown + Decay -37.53 0.002 0.83

Table 14. Parameters and summary of model describing landscape characteristics of acoustic

recorders sites (n = 10) with increased (i.e., recorder nights) probable Indiana bat (Myotis

sodalis) presence on the Coastal Plain of NC, 2018-20109.

Variable DF Wald X2 P>X?
Deciduous 1 8.39 <0.01
Evergreen 1 34.54 <0.01
Mixed 1 83.63 <0.01
Woody Wetland 1 12.49 <0.01
Model Log- P> X2 AUC
likelihood

Nights ~ Deciduous + Evergreen + Mixed + Woody -167.16 <0.001 0.89
Wetland

Table 15. Parameters and summary of model describing landscape characteristics of acoustic

recorders sites (n = 10) with increased (i.e., recorder nights) probable Indiana bat (Myotis
sodalis) presence on the Coastal Plain of NC, 2018-20109.

Variable DF Wald X2 P>X?
Deciduous 1 0.01 0.93
Evergreen 1 8.65 <0.01
Mixed 1 3.29 0.07
Woody Wetland 1 19.83 <0.01
Model Log- P> X2 AUC
likelihood

Nights ~ Deciduous + Evergreen + Mixed + Woody -109.88 <0.001 0.90
Wetland
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Table 16. Multiple analysis of variation (MANOVA) assessment of Euclidean distance between
randomly generated points within the peripheral and core home ranges used by female northern
long-eared bats (Myotis septentrionalis) to 14 land cover types on the Coastal Plain of NC, 2019.

Variable DF F-value P>F
Patch 1 0.88 0.35
Edge 1 8.33 0.01*
Perforation 1 6.95 0.01*
Small Core 1 3.56 0.06
Medium Core 1 2.14 0.15
Large Core 1 NA NA
Non-forest 1 8.21 0.01*
Woody Wetland 1 0.82 0.37
Upland Forest 1 0.66 0.42
Barren/Crop 1 5.44 0.02
Herbaceous/Crop 1 3.08 0.08
Developed/Road 1 7.34 0.01
Open Water 1 5.57 0.02
Canopy Break 1 1.13 0.29

*Included in quadratic discriminant function analysis.

Table 17. Multiple analysis of variation (MANOVA) assessment of Euclidean distance between
randomly generated points within a 2.5 km buffer and peripheral home range of female northern
long-eared bats (Myotis septentrionalis) to 14 land cover types on the Coastal Plain of NC, 2019.

Variable DF F-value P>F
Patch 1 0.18 0.68
Edge 1 1.33 0.25
Perforation 1 27.97 <0.01*
Small Core 1 0.63 0.42
Medium Core 1 1.07 0.30
Large Core 1 26.37 <0.01*
Non-forest 1 5.23 0.02*
Woody Wetland 1 11.27 <0.01*
Upland Forest 1 11.80 <0.01*
Barren/Crop 1 0.45 0.50
Herbaceous/Crop 1 0.45 0.50
Developed/Road 1 0.86 0.35
Open Water 1 13.75 <0.01
Canopy Break 1 22.81 <0.01*

*Included in quadratic discriminant function analysis.
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Figure 2. Activity of northern long-eared bats (Myotis septentrionalis) during nights of probably
presence (MLE P<0.05) across the Coastal Plain of NC, 2018-20109.
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Figure 3. Activity of Indiana bats (Myotis sodalis) during nights of probably presence (MLE
P<0.05) across the Coastal Plain of NC, 2018-2019.
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Figure 4. Predicted northern long-eared bat (Myotis septentrionalis) calls per night given
temperature (C), wind speed (kph), and precipitation (cm) during spring on the Coastal Plain of
NC and VA, 2017-2019.
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Figure 5. Predicted northern long-eared bat (Myotis septentrionalis) calls per night given
temperature (C), humidity (%), and wind speed (kph) during summer on the Coastal Plain of NC
and VA, 2017-2019.
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Figure 6. Predicted northern long-eared bat (Myotis septentrionalis) calls per night given
temperature (C), humidity (%), wind speed (kph), and hours of precipitation during winter on the
Coastal Plain of NC and VA, 2017-2019.
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Figure 7. Predicted Indiana bat (Myotis sodalis) calls per night given temperature (C),
precipitation (cm), and hours of precipitation during spring on the Coastal Plain of NC and VA,
2017-20109.
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Figure 8. Predicted Indiana bat (Myotis sodalis) calls per night given humidity (%), wind (kph),
precipitation (cm), and hours of precipitation during summer on the Coastal Plain of NC and VA,

2017-2019.
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Figure 10. Predicted Indiana bat (Myotis sodalis) calls per night given temperature (C), humidity
(%), precipitation (cm), and hours of precipitation during winter on the Coastal Plain of NC and
VA, 2017-2019.
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Figure 11. Probability of roost tree use by northern long-eared bats (Myotis septentrionalis)

given height (m), diameter (cm), diameter at breast height (cm), decay stage, and crown class on
the Coastal Plain of NC, 2019.
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Figure 12. Predicted recorder nights of northern long-eared (Myotis septentrionalis) bat presence
given distance (km) to deciduous forests, evergreen forests, mixed forests, and wood wetlands on
the Coastal Plain of NC, 2017-20109.
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Figure 13. Predicted recorder nights of Indiana bat (Myotis sodalis) bat presence given distance
(km) to deciduous forests, evergreen forests, mixed forests, and wood wetlands on the Coastal
Plain of NC, 2017-2019.

50



Coastal Northern Long-eared and Indiana Bat Report — North Carolina
Conservation Management Institute at Virginia Tech

[ core 50% un)

'™ " Periphiery (95% UD)

- - -

Value

== Core
Periphery

“ Region

]0 1.25
1

2.5 Kilometers |
]

Figure 14. Northern long-eared bat (Myotis septentrionalis) second- and third-order habitat

selection at NC Wildlife Resource Commission North River Game Land located in Camden and
Currituck Counties, NC, 2019.
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Photo 01 — Alligator River — Acoustic Recording Station O Photo 02 — Alligator River — Acoustic Recording Station 02

Photo 03 — Alligator River — Acoustic Recording Station 03 Photo 04 — Alligator River — Acoustic Recording Station 04




Photo 05 — Alligator River — Acoustic Recording Station 05 Photo 06 — Pocosin Lakes — Acoustic Recording Station 01

Photo 08 — Pocosin Lakes — Acoustic Recording Station 03

Photo 07 — Pocosin Lakes — Acoustic Recording Station 02




Photo 09 — Pocosin Lakes — Acoustic Recording Station 04 Photo 10 — Roanoke River — Acoustic Recording Station 01

A5 BaE

o) =Ry

Photo 12 — Roanoke River — Acoustic Recording Station 03




Photo 13 — Roanoke River — Acoustic Recording Station 05

Photo 15 — Alligator River — Site 01 — Net A Photo 16 — Alligator River — Site 01 — Net B




Photo 17 — Alligator River — Site 01 — Net C Photo 18 — Alligator River — Site 01 — Net D

L

Photo 19 — Alligator River — Site 01 — Net E Photo 20 — Roanoke River — Site 01 — Net A
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Photo 21 — Roanoke River — Site 01 — Net AA Photo 22 — Roanoke River — Site 01 — Net B

Photo 23 — Roanoke River — Site 01 — Net C Photo 24 — Roanoke River — Site 01 — Net D




Photo 25 — Roanoke River — Site 01 — Net F Photo 26 — Roanoke River — Site 02 — Net A

Photo 27 — Roanoke River — Site 02 — Net B Photo 28 — Roanoke River — Site 02 — Net C




Photo 29 — Roanoke River — Site 03 — Net A Photo 30 — Roanoke River — Site 03 — Net B

Photo 32 — Roanoke River — Site 03 — Net D




Photo 33 — Roanoke River — Site 04 — Net A Photo 34 — Roanoke River — Site 04 — Net B

Photo 35 — Roanoke River — Site 05 — Net A Photo 36 — Roanoke River — Site 05 — Net B

——— e ————————————————————————————————————————————————————————— e




Photo 37 — North River — Site 01 — Net A Photo 38 — North River — Site 01 — Net B

Photo 39 — North River— Site 01 — Net C Photo 40 — North River — Site 01 — Net D




Photo 42 — North River— Site 01 — Net E

Photo 43 — North River — Site 01 — Net F Photo 44 — North River — Site 01 — Net G




Photo 47 — North River — Roost 549.02 Photo 48 — North River — Roost 549.03




Photo 49 — North River — Roost 590.01 Photo 50 — North River — Roost 590.02

Phdto 51 — North River— Roost 706.01 Photo 52 — North River — Roost 706.02




Photo 53 — North River — Roost 706.03 Photo 54 — North River — Roost 745.01

Photo 55 — North River — Roost 745.02
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Photo 57 — North River — Roo

st 909.01 Photo 58 — North River — Roost 909.02

Photo 60 — Bat VDGIF A50724




'Photo 60 — Bat VDGIF ASO%O Photz)_60 — Bat VDGIF A50725

Ishoto 60 — Bat VDGIF A50726 7 Photo 60 — Bat VDGIF A50727
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Photo 60 — Bat VDGIF A50728

LS 020
*Not all captured bats were pho-
tographed and photos provided con-

firm proper northern long-eared
bat i1dentification.


Jesse De La Cruz
Typewriter
*Not all captured bats were photographed and photos provided confirm proper northern long-eared bat identification. 
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Dates: '7/(//’(/ / Style: "I ¢ ¢ Personnel: J L4D
Basal Area (& factor} =3 ( ZO)  |Detector: J 7/ E/ilshcard ﬁ Mic: L( /
E W Site Descnpt1on

Densiometer |~ lL{“ (F = W —{, .:rf £ / //: ¢ _j 7 Ty 7 / A< !/
Distance (m) /"Z;(o 2:{ 7}”/{#
T

Canopy Cover ,D ,_,..,i { Comments:

Site Name

(GPS ID): Coordinates: GPS #:

Deployment

Dates: to Style: Personnel:

Basal Area (& factor): Detector: Flashcard: Mic;
N E S W Site Description:

Densiometer

Distance (m)

Canopy Cover| ' Comments:

I this sheet is found please contact Mark Ford: (540) 231 - 5927 wmford @exchange.vt.edu
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[fthis is not the first sheet of the night be sure to fill in the site and date information on the other side! rev. 7.28.15
Forearm Repro.
Cap. Time Net  Species Sex  Wt. (g) length (nm)  pge  €ONd.  ying score Band # " Biopsy? Swab? Recap?/Comments/Trans freq.
Ay « e A \_ ? Adult 0 1 —
A& ppe - Vs / A | T - ; i
il | -] ‘n /] s v 773 ool £scapee
: Q % @ 1 A
uso |7 | orY A7 | Y - M| s H o
. 9 % Fawd | | ﬁ‘ 70) 1 .
; o T X rg ¥ T | e
1 M\ V n\bu m \m\.wN\ﬁ \ &D %ﬁ U .w * Juv. \\\.\ z 32 D D
| 25 18 Az ¢ o
i Z /J O \.h ) r\; C ‘r\w / \\ e ._ﬁ,,.\ i r\«Q o | ] 2 3 0o o
ey’ g ~
ﬂ...\ I A A \__.\.\. - Adult | T 7 OJ 1
X rF /1 = / ] \\ : g,
L Z/5C/ \\. N.KEN%\ ) \ﬁ 1© Juy, 2 3 0o 0
i ¢ 4 duld _n\ @ 1
-7 - T _1\ﬂ ' \‘.n._ y f o 1] B { Q
L7 m.m\m.\.. C J YWHU g \&1@ J \ Juv. £ 2 3 O O
S N Y [CY ) @[ 77| @
L LY 4 V | )VYHS ¢ r\m\ \Nﬂ ave | e 2 3 0
? J | —v— Adult | o 1 | — — s
bzzez | D | mYRG s & 2 3 O O) f 574
Gz A | ~~0 n  B|0.293 { aie N [ oD
o 2l b\d (AR | [ d v’ v S i s I 2 3 0O O
i Al AVAT A “17eOlG , e | (o2 1 —
Je m \B_m,. NS =Nl e | N e 7, N i o) \ '
- ﬂak@%l. i -.___\ .\._N\ LA d . — i '._.—mm..a _r.....”.\... 2 3 D _H_ J,va\.,\\k B ( n\UIM\ O /.u
A /i 7 97 /] A o (0 1
~ - n | ..\_.__.r\ 3 N.\.... — { »
s (OO0 [P W\ (- & O Juv, § 243 Lo
. . e |- ~l—= ~ [aweg/ o/ 1
i I = i 4 . &)
o ] NRU |b[Be [ a ] e 0 O
9 Adult o 1
13 g Juv, 2 3 0 o
9 Adult o 1
14 d Juw. 2 3 _U D
0 Adult 0 1
5 d Juv. 2 3 _Hu D

BAND: Males on RIGHT arm, Females on LEFT.

Reproductive codes: P = pregnant, L = lactating, PL = post lac., NR = non reproductive, U = unknown, D = descended testes (aka. scrotal).
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[f this is not the first sheet of the night be sure to fill in the site and date information on the other side! rev. 7.28.15
Forearm Repro.
Cap. Time Met  Species Sex Wt (g length(mm) age cond.  ing score Band # Biopsy? Swab? Recap?/Comments/Trans freq.
Q Q \ Adult o 1 g
v | 100 T ) =l LAy, ooy )
VAt i R Tl Dlae 70 4@
2 &\ Nﬁv / a { A T .
Q Adult 0 1 .
3 @ Juv, 2 3 O o
Q Adult a 1
4 a Juv, 2 3 D D
Q Adult 0 1 |
5 ad Juv. 7 _H_ D
Q 3 dult o 1
5 d ) | o 2 3 O o
7 1Ne | JUT Adute 0 1 )
. : /}uu{ .:,._7 f:\ ¥, 2 3 O o
n/ d/ ) Adult o 1
Is ) 7 \_a..,. Juw. 2 3 O O
9 ‘ J 7 hawe 0 1
? d e Juv, 2 3 Ll L]
9 ) Adult 0 1
10 g Juv, 2 3 _H_ _H_
Q Adult 01
i ag Juy, 2 3 _u _H_
e} Adutt 0 1
12 o Juv. 2.3 _H_ _H_
Q Adult 0 1
13 d Juy. 2 3 _U ]
o Adult o1
14 g Juv. 2 3 D D
Q Adult o 1
5 a Juv. 2 3 0O

BAND: Males on RIGHT arm, Females on LEFT.

Reproductive codes: P = pregnant, L

= lactating, PL = post lac., NR = non reproductive, U = unknown, D = descended testes {aka. scrotal).
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[Fthis is not the first sheet of the night be sure to fill in the site and date information on the other side! rev. 7.28.15

Forearm Repro.

Cap. Time Net  Species Sex Wt (g) lensth(mm)  Age cond.  wing score Band #  Biopsy? Swab? Recap?/Comments/Trans freq,

22350 || MYAU o g [29 [0/ K O O

I A VAR g | De 23l Juv, | E— 2 3
Q ' Adult 0 1

2 d Juv, 2 3 _H_ D
Q Adult 0 1 .

3 g Juv. 2 .w D D
Q - Adutt 0 ._A

4 d Juv. 2 3 _H_ L
o Adult 0 1 T

I d Juy. Z 3 D D
o Adult 0 1

13 a Juv. 2. 3 L O
o] Adult 0 1

7 g Juv. 2 3 U m
o3 Adult o 1

I (o} Juy. 2 3 _H_ D
2 Adult 0 1

3 d Juv. Z: 3 oo
Q Adult 0 1

10 d Juy. 2 3 D D
Q Adult 0 1

11 d Juv, 2 3 _”_ D
Q Adult o 1

12 g Juv., 2 3 _H_ _H_
@ Adult 0 1

I d Juy, 2 3 0o o
Q Adult 0 1

L4 o Juv. 2 3 _H_ _H_
Q Adult 0 1

I d Juv. 2 3 O O

BAND: Males on RIGHT arm, Females on LEFT.

Reproductive codes: P = pregnant, L = lactating, PL = post lac., NR = non reproductive, U = unknown, D = descended testes (aka. scrotal).




LT'O'T "AdL

NpaAaFuEYdXa@PIOJIUM « £765-T€Z (0%S) :P104 JIEp 1981002 aseard punoy s1309Ys SIy ]

S
&

Mﬁ_.&\ SoFS

(*032 ‘uopIpuod %0217 ‘533U puno.e JaAod sau ‘Jenqey) tuoldl 1953p 91§

SYL @

Z

1$185 19U JO JaquinN

(yaiou ‘mo)) wealss ‘Yiiua) ‘ozs + g Yy s1au 1aqe)) [Y239ys ais

Q%Q .”m.és pug

\m# ), °un s

TR ™

w\u WJ \W :ANpiNyY 3e35

:Ayipruiny pu3
Q (1104neag) puim pug

< (304neag) puim 1re1s

1SJUBWIWOD 13L0

(D.) "duray pug

[ 75

/ L7 () dwey e

«J\Ju\ .aWQJ .U.w\v 111IgRY JRIBUSD

W&mmmmx\w - £ Q\w&vﬁ\ hmrw« 1y/ “1puuosiad Jay

:uopyeydioalg

s L

1% 19A0D o))

\/

119pea) weaj

57 5777

-Hun 549

&

PLSdD

QS

i

20y ﬁj

i 9fed

ejep a.anided jeg




“UpMOUNUN = | ‘@AINPDIda) uoU = YN **2') 150d = 74 ‘Bupieioe) = 7 “ueudod = d 159p0d aAlnposday

*(Je3040s "eye) 53153} papuadssp =4
* 1437 U s3jeLLd ‘wile [HOIY Uo SajeW ANV

£ T AN D 4]
O 0O
L 0 nnpy [}
4 “Anp o ¥
O O
1 0 npy ]
t Z AP o £l
0 O
1 0 nnpy &
E € Anp o ¥
]~ Ll
I 0 nnpy 6
R/ Anf P H
o [
I 0 nnpy &
i e © !
L 0 <}
D _H_ £ U M é
1 0 &
D D ¢ T 0 kil |
¥ 0
& B .D £ N b/ /.. £
£ T\ ‘_ \ g
{| _m\)o/. /%E %
z/ “anp o\ 5
[ E \
0 Nnpy 5 |\
. O O £ 1 o = v
I 0 Inpy & '
£z anp NeJ E
|
- I O nnpy [
£ “Anp ¥e] 7
O
1 0 nnpy ]
1 o0 £ z "Anp el |
I 0 nnpy P
‘bauy suety syusunuoy/deday  jqems Asdog Ji pueg 24025 BULM "puod 28y (i) 438U (8) 1 ¥e% salpads 18N awyy ded
-oiday wiealod

GT'87'L hal {apIS JOTA0 a1 U0 UOHeULIOju] S1EP PUB 931S Al Ul [[J 03 3IMs 9q 81U 8y} JO 193YS 35y BUY3 30U ST STYA I



LTOT aal

npaaafueyoxa@projum « £765-1£7 (0S) :pI0, 3Ae 10rIU0a dseard punoy st39ays sup J

LF7d .,.@ =

= IPR) TG oF s

vfs\_

S e

.,)@\_% ﬁv a\_ﬁ

7

TS

q q

v._ %Nb
\EN\Q +0

v 4
mﬁw &

£

_ﬁm\ \: x\wi

(*213 ‘uonIpuod %3242 ‘533U punoIe JaA0D 2343 ‘Jexqey) tuolldLnsap 9315

1§13 38U JO JagquinN

(y3sou “moyy weasss ‘yiue) ‘vzis + g “v s1aU jaqe)) 1S 23S

:oul) pu3

D .

an v N 2N RS

S
DYEES

QN Mm :Aypiwuny pug

. |
m.N\N W\ Aypiwny 31ess

PP yoir iy # i pard |yl

& (310jneag) puim pug

Q {110sneag) puim 1rels

\\...w %&&WW\. = + \\ 1SUSLLIWGD JaLpQ

x\\ .ww [ (0.) ‘dwmy puz

*dway 1es

i
19 19402 pnoj)

JBIIqRY Jelsuen

£

T :uoneydnald
21 = \v\

ﬁV&%&m&\w\ {w,...\ \\ «Vﬂ\ \‘\w.,\m.\N o/ s1ouvossad Jayio

mwl; \ \om\&m «Xo% 1apea) Wea)

\N\\‘W\\\Q 19380

‘Pl SdO m,‘d N S49

e

L 725

h\\% .\Q .wmu ,\MWNW..\MQE

BlEp EE%S 1eq

i afed
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rev. 7.28.15

Cap. Time Net  Species Sex Wi (@) m”MM”mN_._._._EBU Age _M.Mﬂ“_o. Wing score Band # " Biopsy? Swab? Recap?/Comments/Trans freq.
/ _ ®% [ D 1 A T—————
& ; it /1
2 N\.QQ \A! \m\m\\\Q d .&m& .W“ /L\%wv R\\ rmW\u _Hl_ _u
(o @ Adul v\ 1 3
? Adu 4 o 1
2000 |C \S\\E |26 | 3¢ %_ﬂ\s&-. & ; O O
/17 . ol ]
L2008 o 2 ,RQ, \Mo 20 | T | w. [VA g OO
Losan 1A WL~ ——t | for) e
; h\ / ? . $\ /hdu - 0 @
, 2005 EFY &\ 1549 4 s AP | 2 0 o
Lo | e 5l tay| 54 [ 8| s 0 o
. : m)
vz A | vl | Sisslss 1Sl | & 0 o
_ : Fault | (0
2o WL | plea |77 (RIS o C
i M /C, i .a,,._n__“ﬂﬁ N M H L
N ) 9 Adult 0 1
12 d Juv. 2 3 _H_ _H_
2 Adult 0 1
13 d Juv. 7% 4 _H_ (|
' Q Adult 0 1
14 d Juv, 2 3 D _H_
Q Adult 0 1
15 a Juv, 2 3 _u _H_

BAND: Males on RIGHT arm, Females on LEFT.
PL = post lac., NR = non reproductive, U = unknown, D = descended testes (aka. scrotal).

Reproductive codes: P = pregnant, L

= lactating,
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Bat Roost Tree Measurement Sheet

Bat ID #: /f7, il

Tree ID: ?’f/‘j‘;f

/i/ GPSpt: ,f"

-

TV & Gps Unit: <

Date: //”P//? = ? b gt },;,; e/
Other tagged Bats present (ID #): ' Lol
i@’/{f fo gaelesy Q,Q—Hagw. TEE - e
Roost Tree:
Species Dbh (cm): =
(7/,/7}/}4 /;fﬂl //; / CanopyClass: 1 2 3 kﬁ)
Height (ft):
7 Decay stage (circle): @ 2 3 4 5 6 7
_ .::, Roost height (ft):
Roost type (circle): |¢§v1 |bark| -
Y4y
% Bark: Basal area (list area factor of prism):
Densiometer: N: S: E: W: /, _ O ( f, i %
& ¥ % -7 -.‘ L4
/¥ 9% 95 Fo O ( 29)
Comments;
Understory description:
Midstory description:
_Seighboring Trees: _
NE Species: Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | < L0/ 5—-\5}.\_ Lo [ f-{ ?/ 48N "’|
Decay Stage12 3 4 5 6 7 | Crown class: 1 2(3) 4 Potential roost ht(ft):
[bark| or |cavity]
SE Species: ] Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | Sf0l ve a4n |, 3;/ ] | Z2
Decay Stage: 1@ 34567 |Crownclass: 1 2 @@j ljgtential roost hi(ft):
Ubau:@ or |cavity]|
SW Species: ; Distance to roost (m): Dbh (cm): Ht (f1):
quadrant; | (+°7 % ¢ o 40 Z 05 <. G gl e)
Decay Stage: 1@ 34567 |Crownclass: 1 2 @ 4 Potential roost ht(ft):
|bark| or |cavity]
NWwW Species: _ Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | /s B Sin el . LS 17 1S
!
Decay Stage: 1@ 34567 |Crownclass: 1 2 3 @ Potential roost ht(ft):
(lbark] or (cavi D

_ Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute



Bat Roost Tree Measurement Sheet

~Fp, 012

BatID#_/5(, 4 “ Tree ID: g";’(/ ol GPS pt:_ 36, SFF% GPS Unit: {.-_,;-f’
Date:_{ /79 /.-"‘.? —f
th 1s t : 3
Other tagged bats present (ID #) )
Roost Tree:
Species: Dbh (cm): ‘
[Ked meple (p. 2 Canopy Class: 2 3 @'}
Height (ft):
rﬁp A Decay stage (circle): @ 2 3 4 5 6 7

Roost type (circle): @ lbark|

Roost height (ft):

(o 4+

% Bark: Basal area (list arca factor of prism):
Densiometer: N:, : =
7% ,f,z Gq " FZ o0 //
Comments:
Understo?y dcscrg;tlon \fo {;ff (1T UCH lones ff'*gj, be l K e
Midstory description: / 35 L2, {aten K 2
Neighboring Trees: /7
NE Species: Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: Alla GE -~1 L 25 (¥.5 .é/d
Decay Stage{12 34567 | Crownclass: 1(2)3 4 | Fotential roost ht(f; i i
|bark| or |cavity] /
SE Species: x Distance to roost (m): Dbh (cm) Ht (ft): -
quadrant: o, @SS /. 9' P .- {0
Decay Stage@Z 34567 | Crown class: 1(2)3 4 Porestial ropsehi(a): N
[bark| or |cavity]|
SW Species: . Distance to roost ﬁm): Dbh (cm) Ht (ft):
quadrant; (z’-t 2D tu A (f” / /Y
Decay Stage{12 345 6 7 | Crownclass: 1 2¢3 4 Potential roost i(f): o
[bark| or |cavity] A0l
NW Species: / Distance to roost (m Dbh (em): Ht (ft):
| Phate Al iy o i
Decay Stag@Z 34567 | Crown class: 1{? 3 4 Fotential toost htfiT); 1.
[bark| or |cavity]| Urms—

Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute
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| Bat Roost Tree Measurement Sheet

BatID# /5/ .}q{” Tree ID:_ 74502

apspt_3( , T#9¢5  Gpsunit. F

o

o

Date:_(2/ |5 //5 ~ Fe, YO
Other tagged bats present (ID #):
N o—
Roost Tree:
Species: / [ Dbh (cm): _
CanopyClass: 1 2 3
ﬁu{M/umq_ % Y HD > @
Height (f1): /
7/ D éj ;/ Decay stage (circle): 1 2 @ 4 5 6 7

Roost height (ft):
Roost type (circle): |@ |bark| g 1(‘ 1b

% Bark: Basal area (list arca factor of prism):
Densiometer: N: S: E; W: y

& 2
Yl G U Wy F

Comments:

| Lt

Understory description: S,J{m,ﬁ ;f&,(/; 7 ?'pu.f.z { C&)

i

v +

/I
Midstory description:  tdet ’:“'"?-4’f»f.’. ?9

Neighboring Trees:

NE Species: Distance to roost (m): Dbh (cm): Ht (ft): .
quadrant: pﬁf@!ﬂﬂf ﬂ—gl\ _ L/, LT fé 0 » "/’.{
Decay Stage:@Z 34567 |Crownclass: 1 2 @ B Potential roost ht(ft):

lbark| or [cavity] }/w/
SE Species; Distance to roost (m): Dbh (cm): Ht (). ,,—
quadrant: ' fmc(/ %UF" IV r L [F (D 6/(
Decay Stage:@z 34567 |Crownclass: 1 2 @ 4 Potential roost ht(ft): /\/ s
[bark| or |cavity|
SW Species: Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: Puif "J[U':?{ [» | f(? : 'L{ YO
Decay Stage: 1@ 34567 |Crownclass: 1 2 L3> 4 Potential roost ht(ft): ilo..
lbark| or [cavity] ‘7 ¢
NW Species:, Distance to roost (m): Dbh (cm): Ht (fi):, *
quadrant: \ ok Do K (1:Y¢ / gj’; (L, g5
Decay Stage:@il 34567 |Crownclass: 1 @ 3 4 Potential roost ht(ft): ﬂ j&
[bark| or [cavity]

Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute
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—

(¢

TG/

Bat Roost Tree Measurement Sheet
—_ .
BatID#: /S7,70F7  TreeldD: 20%. &6/ GPSpt: S l 37115 cpsunt &
Date:_(//5 [/ .0 e To
Other tagged bats present (ID #):
3 _bats
Roost Tree:
Species: Dbh (cm): f"
CanopyClass: 1 2(3) 4
fwrf-}' AZla) /7, D Bkien &

Height (ft): /

7 S./ Decay stage (circle): 1 2 3 @ 8 6 3

] Roost height (ft):
Roost type (circle):  [cavity] @ -
% Bark: Basal area (list area factor of prism):
Densiometer: N: S E: W: g
¢ _9¢ 26 % | P 7
Comments:
Understory description: | ) /11 y (W Ceriv | pa ;/ p ’%;ffﬂ"’ 4‘)
N/ / 7 '

Midstory description: /4, 170 &

Neighboring Trees:

NE Species: Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: Lf (,l ,J,n,rxﬁ.;;[_g ¢ ; ‘;:
' i
Decay Stage: 1 @ 34567 |Crownclass: 1 2 3 @ Potential roost ht(ft): '{/
[bark| or [cavity]| Mo
SE Species: Distance to roost (m): Dbh (cm): r | Ht(#):~ —
quadrant: j Mﬁl}/ {-C L. s !L/I {7/ ‘? 3
Decay Stage:1)2 34 5 6 7 | Crownclass: 1 2 3)4 | Potential roost h(f):
or |cavity]|
SW Species: ( | Distance to roost (m): Dbh (cm): Ht (ft): .
quadrant: f“"cl I”M-'!:;'jb{' i 4.7 30
Decay Stage@Z 34567 |Crown élass: 1 2 @ 4 Potential roost ht(ft): \ |
lbark| or [cavity]| i
NW Species: Distance to roost (m): Dbh (cm): a Ht (ft):
quadrant: | 4 cdcf.-’ff /7% ; i 5
Decay Stége@ 2 34567 |Crownclass: 1 @ 3 4 Potential roost hi(ft): N
|bark| or |cavity] -* /i

Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump -

L

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute %"“a

]
»

]
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Bat Roost Tree Measurement Sheet

e . . , )
BatiD# /57, 5YF Treem: 59707 cpspr JG.3F9e®  6ps Unit 7

s AT r {
Date:_{,/ 20 /7 - H, (024
Other tagged bats present (ID #): - '
Nox / (A EADU R
Roost Tree: :
Species: _ Dbh (cm):
I . g CanopyClass: 1 2 3 @
Height (ft): ' :
l ( Decay stage (circle): @ 2 3 4 5 6 7
Roost height (ft):
Roost type (circle): [bark] |
% Bark: Basal area (list area factor of prism):

Densiometer: N: s E W » _

72 Gz a2 - 25| (0D /L
Comments: ' '
Understory description:
Midstory description:

Neighboring Trees:

NE Species: Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | | o | v iu‘n_{ o 6.7 L?( = VO

Decay Stage: 1@ 34567 |Crownclass: 1 2 3 @) Potential rooiiﬂ(ﬂ):
bark| or (Cavity)

SE Species: Distance to roost (m): Dbh (cm); Ht (ft):
quadrant: 6 Les 4 -‘\-é‘-‘ by 0« % {5 %? L}d
Decay Stage{1)2 3 4 56 7 | Crownclass: 1(3)3 4 Eoteutial roost ). o ] por?
bark| or |[cavity]
SW Species: Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | Cerol-4 ash [ ¥ m 9, g Z o
Decay Stage{1)2 3 4 5 6 7 | Crownclass: 1 2 (3) 4 Potential roost (ft); | s
[bark| or |cavity]
NwW Species: Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | ==kt L\«nql@ 0 Ids G- o 20 °

Decay Stage@)?: 34567 |Crownclass: 1 2 3@ Fotentiz] roostht{it): A~
|bark| or |cavity]|

Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute




Bat Roost Tree Measurement Sheet

Bat ID #: /5'7 157 5’? Tree ID: %ﬁ _ a2 . GPS Ptl,j@. ';??fl-i/ ‘ GPS Unit: Cﬂi
Date: é/ 74 / ST ~ 3o, OD ?,}%?

Other tagged bats present (ID #):

Mo e / UK
Roost Tree:
Species: . Dbh (cm): - &
LS QME{Pf D ,/z? Canopy Class: 1 3 4

Height (ft):

5g %i, Decay stage (circle): @ 2 3 4 5 6 7

, Roost height (ft):
Roost type (circle): ) [bark|
=
% Bark: Basal area (list area factor of prism):
Densiometer: N: S: E; W:
97 g7 7?27 75| 20 /6 (70)

Comments:
Unciérstory description:
| Midstory description:
Neighboring Trees:
NE Species: - Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | o 1. L .. £ S) 0 S s L5 % P2y
u -
Decay Stage@ 2 34567 |Crownclass: 1 2@4 Potential rﬁfﬂ.&t(ﬁ)'
lbark| or {|cavity|
SE Species: - Distance to roost (m): qul} (cn}é: | Ht (ft):
quadrant: | = Y vl 2L <6 D Sk VS

\

Decay Stage@ 2 34567 | Crownclass: 1 ‘@;‘ A Potential roost ht(ft):

lbark| or |cavity|

SW Species: L / Distance to roost (m): Dbh (cm): Ht éft):
quadrant: | < 7 T Agele L B 2t} % o)
Decay Stage@ 2 3456 7 |Crownclass: 1@3 4 Potential roost ht(ft):
_ lbark| or |cavity|
NW Species: , Dist\ance to roost (m): Dbh (ctm): Ht (fr'g;
quadrant: | Ac. _%,mw( 0 o gl 0 o £ 13, S Eoral
Decay Stage:@; 2 3456 7 |Crownclass: \;‘@ 5(3 :‘14 Potential roost ht(ft):

|bark] or [cavity]

. Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute



/450 s

Bat Roost Tree Measurement Sheet

Bat ID #; ’ g/ ! 57{{7 Tree ID: ﬂ/ ?.; O ;l? GPS pt:i@, 37/7 0 %f GPS Unit: Cf
~— | Date: {g‘j’i,‘;‘//&_/’ ' - %é/@//Z/fV’

Other tagged bats present (ID #):

Roost Tree:
Species: . Dbh (cm):
Lr AL ,{} S / X e Canopy Class: 1 2@ 4
Height (ft);
f’éC) Decay stage (circle): 1 C2> 3 4 5 6 17
Roost height (ft):
Roost type (circle): @ [bark]|

5.5

% Bark: Basal area (list area factor of prism):
Densiometer: N:

P 2" | 109 i1

Comments:

Understory description:

Midstory description:;

F

Neighboring Trees:

NE Species: Distance to roost (m): 1')bhi(i::m):l Ht (ft):
quadrant: | S~ 4y b S.9%S \5, 2565
. {
g9 I Y : .
Decay Stage{\ﬂlj 2 34567 |Crownclass: 1 21(3)4 Potential roost ht(f):
' lbark| or [cavity]
SE Species: y Distance to roost (m): Dbh L[cm);l Ht (ft):
quadrant: | SV <" f{? — ‘] O~ | I P 2 &
Decay Stage:{DZ 3 ﬁi 567 |Crownclass; 1 2 (3)4 Potential roost ht(ft):
' [bark| or |cavity|
SW Species: _ Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | %2 e el BeZ- - iy 72
Decay Stage: 1.2 3 4 5 6 7 | Crown class: 1(2)3 4 | [Potential roost hi(f)
(bark| or feavity]
Nw Species: ] Distance to roost (m): Dbh (cm): H.:E (fo):
quadrant: | [ 1 ¢ ¢ = & WA '_'-’;7, f, (}, & £
Decay Stage: Lj) 34567 [Crownclass: 1 2 3 @\) Potential roost ht(ft):
|bark| or |cavity]|

. Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4-loose bark, 5=clean, 6=broken top, 7=stump

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute



"’{\{, //f”..

Bat Roost Tree Measurement Sheet
BatID#: /57/, 75 lr Tree ID: _ |/ oprs pt: {f \/O?‘g GPS Unit: {
~ |Date:(,/2./ 77 ~He, O! 3
Other tagged bats present (ID #):
%é’ 7 _‘JL/u{’?‘u/f (/fCéX/Q“’QU
Roost Tree: =
Species: Dbh (cm): 4
[ LU' J/K--?cz( g gf Canopy Class: 2 é) 4
Height (fo): - w—
'Zf) g/!;,. Decay stage (circle): @ 2 3 4 5 6 7
Roost height (ft):
Roost type (circle): s Ibark] o
2.5 H
% Bark: Basal area (list area factor of prism):
Densiometer: N: S: E: W )
; ]
9 _af q¢ g% | /oD L,
Comments:
I VR |
Understory description: “ti¢/e | G S el e LS
i Midstory description: S P B i oy Lo A J;f.f?.f /2 &
Neighboring Trees:
NE Species: Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: hlgit” ke P*’ i%s [ F Q. L,’! 20
Decay Stagf:@Z 34567 |Crownclass: 1 2 @4 Potential roost ht(ft). N
[bark| or [cavity]| &
SE Species: {7 Distance to roost (m): Dbh }cm): Ht (&) ,—~
quadrant: | ! L «7’«»--{[,(3'” /> /) FS ':/ 0O 2
Decay Stagc:@}z 34567 |Crownclass: 1 (5 3 4 Fomatial oosthigt): |
[bark| or |cavity| Mo
SW Spem i Distance to roost (m): Dbh (cm): Ht (ft); —
quadrant: PO N W, 75 .
Decay Stage:@ 2 34567 |Crownclass: 1 2 3@ Potential roost ht(ft): o
[bark| or [cavity| /\J frm
NW Species: ; Distance to roost (m): Dbh (em): Ht (ft):
quadrant: Ve Hnde (D L7 P I8
f “ .
Decay Stage: @2 34567 |Crownclass: 1 é) 3 4 Potential roost hi(ft): - J“ 0
[bark| or |cavity]| (T

Canopy Class: 1=emergent, 2=dominant, 3=mid—story, 4=suppressed

—

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute




Bat Roost Tree Measurement Sheet l N
- 1 - - =
BatlD# /) | WY Treem: 907 _ 03 cpspr 6. 35070 Gestnit. 7
p
A~ | Date_(/2/ /)7 ! - F b, cOsuz
Other tagged bats present (ID #): -
Roost Tree:
Species: | _ Dbh (cm):
l/dé’l-j’("‘ fZ,T,}QC [C' /ﬁ/ﬁ? Canopy Class: 1¢2) 3 4
Height (f1): ' o _
{J Decay stage (circle): @ 2 3 4 5 6 7
Roost height (ft):
Roost type (circle): |bark| / fc I’L
% Bark: Basal area (list area factor of prism):
Densiometer: N: S: E: W: =
DV 972 %% g5 | /oo /5
Comments:
Understory description:
Midstory description:
A~ _
Neighboring Trees:
NE Species: Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | Caaid s gwwio 2. 55 1.9 Z0
v
Decay Stage@ 2 34567 Crownclass: 1 2 3@ Powdtal ootk b
[bark| or |cavity|
SE Species: - s Distance to roost (m): Dbh (cm): Ht (ft):
quadrant; |\ AL i—ﬂ»{? ~d PR ; e & 1S
Decay Stag@ 2 34567 |Crownclass: 1 2 3 @ Potential roost ht(ft):
lbark| or |cavity|
SW Species: . Distance to roost (m): D% (cm): Ht (ft):
quadrant: Iz d o ‘;""??m <2 o C{ L9 L
Decay Stage{ 172 3 4 5 6 7 | Crown class: 1_'3\,‘"3 4 Potential roost ht(ft):
' [bark| or |cavity]|
NW Species: Distance to roost (m): Dbh (cm): Ht (fg:
quadrant: | \ot-de do ;’}v»L 0 [.Z -
Decay Stage@Z 34567 |Crownclass: 1 @ 3 4 Potential roost ht(ft):
[bark| or |cavity]|

. Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute




Joke Flis

Bat Roost Tree Measurement Sheet
o7 sgee TOOBIE
BatID#: /50, /%)  TreeID: /Y0~ / GPS pt. 6. 37557, GPS Unit; 7
~~ | Date: Cﬂ/ Zﬁ/ /@
Other tagged bats present (ID #): (7 /é ey j liset wpf@' ﬂ z
Roost Tree:
Species: Dbh (cm):
ﬁ,’t‘f’ et o o /; g 7 Canopy Class: 1 2 @ 4
Height (ft):
7 j ) { ) Decay stage (circle): 1 2 3 (ﬂ) 5 6 7
Roost height (ft):
Roost type (circle):  |cavity] @ e
(&K
% Bark: Basal area (list area factor of prism):
Densiometer: N, )g,f S: 4 E: W: gZ i
v, > .
70 7S s | 2 (75)
Comments:
. ” ﬁ" o f P i '.I’.:’. y g g X r‘f
Understory description: § it S ke S Cg /e ¢ TSI\ AL EY
/ o VA A
Midstory description: ¢~ (+/ &x bt L Gara é/r [
—, 7 V|
Neighboring Trees: ' 4
NE Spec1es Distance to roost (m): Dbh (cm): Ht (ft):
quadeant: | (i g 10 #)5 L3 27, 5 bl
Decay Stage{1)2 3 4 5 6 7 | Crown class: 1 @ 3 4 Potential roost ht(ft): )\j
lbark| or |[cavity|
SE Species: Distance to roost (m): Dbh (cm): Ht (ft):
quadrent: | Ve Fef.n e 3 5 /L F
Decay Stagc:dj2 34567 |Crownclass: 1 2 3@ Potential roost ht(ft): f
- bark| or [eavity] ¢
SW Species: Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: //j,m/ wa A5 ( Zx ) a5 > 5
Decay Stageéyz 34567 |Crown class: 1*5 3 4 Potential roost }_“(ﬂ):
[bark| or (]cavit}b
NwW Species: Distance to roost (m): Dbh (cm): Ht (ft): .
quadrant: | $ovef gy L.l m 7). 2 50
Decay 'Stége@'z 3456 7 |Crownclass: 1 2“ 3 4 Potential roost ht(ft): ,\/ ﬁ
: lbark| or |cavity]|
. Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute




P

/4 V% /5

Bat Roost Tree Measurement Sheet

Ba# (5] 706G Trem: 706~ Gps pt. 56 . %3957 GPSUnit G
Date: (»-2G — 19 — M. 01 199 G
Other tagged bats present (ID #):
Roost Tree:
Species: o Dbh (cm):
Facralwes Aala 9 ewn CanopyClass: 1 2{3) 4
Height (ft): i =
Decay stage (circle): 1 2 (3) 4 5 6 7
< Roost height (ft):
Roost type (circle): @ [bark]| —~
=
~ . .| % Bark: Basal area (list area factor of prism):
Densiometer: N:45. ¥ S:Qul C4E: 3.6 W:45.% 4 -
=0 E
Y 5 4 -
Comments:
| :
Understory description: [ ¢l5 L« P ode —  Snebrer ee
Midstory description:
Neighboring Trees:
NE Species: Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | g lss T2 el 0 2 235 7.9 LS
Decay Stag@z 34567 |Crownclass: 1 2 3) 4 Potential roost ht(ft):
|bark| or |cavity]
SE Species: Distance to roost (m): lej. (cm): Ht (ft):
quadrant: | g &g"\}‘j 1.5 26. o) 0]
Decay Stage: I@ 34567 |Crownclass: 1 @ 3 4 Potential roost ht(ﬁ)
/ aﬂg} or (|c/av Jy,l’
SW Species: Distance to roost (m): Dbir{cm):. Qﬂ%
quadrant; | vt Tufaig S 6.5 “A
DecayStagef )2 34 5 6 7 | Crownclass: 1(273 4 | Fotentialroosthi(f):
[bark| or |cavity]
NW Species: Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | £ . 264 Co P .26 I, 4 U
Decay Stage:{1) (1)2 34567 | Crownclass: 1{2)3 4 Potential roost ht(ft):
|bark| or |cavity]|

—

Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute




Bat Roost Tree Measurement Sheet

sy TGOS =
s 7 L EAFN 4 R e & < 7 o -
BatID# /57 SAU  Treemd: &%) NI Gpspt e JF770  GPSUnit. </
~~ | Date: @/Z‘(;v/,/ &

Other tagged bats present (ID #):

Roost Tree:
Species: Dbh (cm) d
[ &/( /Z{;’}?* é; 55 CanopyClass: 1 2 (3 /4
Height (ft):  ~
Z 3/ Decay stage (circle): @ 2 3 4 5 6 7

= Roost height (ft):
Roost type (circle): @@ |bark| /g’ -
2

% Bark: Basal area (list area factor of prism):
Densiometer: N:

5’5’8:{0&& ?;W: o | 00 & (’%>

Comments:

Understory description: IQL_Q. J Ccern St e /é;»: 5 et - C rl /)
. . . e |
| Midstory description: EXeSS oFf JJaltrdivelc o i ’f// #iy 9 Le
= T [
Neighboring Trees:
NE Species: : Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | /¢ A Paerf \f ( 5o 4 > 7.5 2/, 3 5 il
: )
Decay Stage: 1 2 @4 5 6 7 | Crown class: 1 @ 3 4 Potential roost ht(ft):
jark] or
SE Species: , Distance to roost (m): Dbh (cm): Ht (ft): -
quadrant: [Jette ( ’rL'Lf'y?{" (2 7,0 ('de /275

Decay Stage: 1@ 34567 |Crownclass: 1 2 3 @ Potential roost ht(ft): r
bark| or [cavity] /e

SW Species: Distance to roost (m):

Dbh (cm): Ht (ft): :
quadrant: | L/ Kf.-{{;" '7L LY f2 5 117, 2 / / j‘/

Decay Stage:(L/22 3456 7 |Crownclass: 1 2 3 @ Potential roost ht(ft):

. P t _‘f.--(._..(‘
[bark| or |cavity]
NW Species: / Distance to roost (m): Dbh (cm):j Ht (ft):
quadrant: __ii,) el S, Jad /éS f !.‘-%ﬂ 1< ¢ JO
7 L L
Decay Smge@Z 34567 |Crownclass: 1 2{(3) 4 Potential roost h(ff): Py

[bark| or |cavity]|

Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute



¥

Bat Roost Tree Measurement Sheet

1 o o sz ~Z,
Bat# [ S 9O tTreem: 599 -2 gpspr o O F A0S Gps nit O

Date:_(,/ 7 7 /19 76 Do 34
Other tagged bats present (ID #): _ l
No o oo bk vee el Y Blhale -\
Roost Tree: f ’
Species: Dbh (cm): ,
GU_MM%Q ~y { Z ol Canopy Class: 1 2 3 4
Height (ft): ’ & (T
20 Decay stage (circle): & 2 ) 3 4 5 6 7
o Roost height (ft):
Roost type (circle): | [cavity] |bark| { =
k'
% Bark: Basal area (list area factor of prism):
Densiometer: N: S: E: W: » i s
7 Y Fe g5 | O %

Comments:
Understory description:
Midstory description:
Neighboring Trees:
NE Species: Distance to roos] (m): Dbh (cm): Ht (ft):
quadrant: 'uu{,-,l(.,/ J-m{;,\,[ d 7. L <5{ & 7—% 2
1]
Decay Stage@ 2 34567 |Crownclass: 1 2 @ 4 Potential roost ht(ft):
|bark| or |cavity]
SE Species: Distance to roost (m): D%(cm)’:_ Ht (ft):
quadrant; | \~ a4 J“‘::" = (’; taT C(\/] 0.5 A
Decay Stage@ 2 345 67 | Crown class: 1@3 4 Potential roost ht(f1):
|bark| or |cavity|
SW Species; Distance to roost (m): Dbh [(cm): Ht }ft):
quadrant: | £« 70 v 2% ’I/‘\ ' 5. | S

Decay Stage@z 34567 |Crownclass: 1 2 3 @ Potential roost ht(ft):
lbark| or [cavity|

NW Species: Distance to roost (m): Dbh (cm): Ht (ft):

quadrant: | 04 W\hﬁ;af 1,27 . & 20

Decay Stage: 1@ 34567 |Crownclass: 1 2 % Potential roost ht(ft):
b ﬁa;\kh or |cavity]|
G

Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump

[f this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute




e

Bat Roost Tree Measurement Sheet
- . (V] F 2512 vi
Bat 1D #: ",f'-.‘ . {Q{U Tree ID: s__.;;f ~\sL.  GPSpt | ff.gfg*”jj i GPS Unit:
Date: [g ’]/,Hl"l ~ v '7{ 4. ﬁﬂ\f" ( l‘n
Other tagged bats present (ID #): ; o
Roost Tree:
Species: : Dbh (cm): : o
' ) C Class: 1 2
(]ﬁ-'DJMfa (2784 \3 L - 2
Height (ft): \
0 ’QP Decay stage (cirele): 1 2 3 (B 5 6 7
Roost height (ft):
Roost type (circle):  |cavity] ]
] A / (0
M’* o> NS T o4 Bark: Basal arca (list area factor of prism):
Densiometer: N: £ :
2t sf H o | 7O ¥
Comments: / T 2 '
ol 7095 in 1l < oyl o ot <,
| [ ovea o hye
Understory description: 73 (M’ 6; Sewd AL !/f J j
s b F T f
Midstory description: (‘ “_!,f ,’],( {,“,- "P{* (/(U{ . 3 f/@{ﬂ) .".4)/ yura L e Wl ;{f{_,r{
Neighboring Trees: ’ ¥ : ' ]
NE Species Distance to roost (m): Dbh (cm): Ht (ft):
P, " -
quadrant: | (Y ulng S flg 155 9. 1 70
Decsy Stage: 1(3) 3 4 5 67 | Crownctass: 1 2) 4 POIERHEL 0TI Lo
lbark| or [cavity] /UUAA
SE Specjes: Distance to roost (m): Dbh (cm): . , ML
quadrant: F‘a 214 @f!ﬂ [ ?gj? ) :
Decay Stage: 1 2 3 @5 6 7 | Crown class: 1 @ 3 4 Potential roost hi(ft):
‘ Jﬁa@ or |cavity]
SW Species: Distance to rgost (m): Dbh (cm): Ht (f):;,
quadrant: | Rag jaadlc 7.8 L. ? /5
Decay Stage:@ 2 34567 |Crownclass: 1 2 3 @ Potential roost hi(ft):
|bark| or |cavity]| fy/f;- ¢
NwW Species: Distance to roost (m): Dbh (cm): Ht (f): ,
e R .12 [2.5 72
Decay Stage: 1(2 34567 |Crownclass: 1 2 ’;ﬂ 4 Potential roost ht(ft): n
e bark| or lcavity] /¢

Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute




Bat Roost Tree Measurement Sheet

Z

Bat ID #: -70 (4’ TreeD:  /0G- %  GPS pt: 3. 2 40% 2 GPS Unit: #Q
Date_&v/_? ’7600‘?‘5{0?
Other taged Bats present (m #): ;
Roost Tree:
Species: ¥ s Dbh (cm): \
rec e o'e
@ﬂgz& 5@‘;@ 4 | X . Cg Canopy Class: 1 @ {j 4
Height (ft):
% ] g Decay stage (circle): 1L 2 3 @

) _ Y Roost height (ft):

Roost type (circle):  [cavity] |bark]| ) G .26 7
% Bark: Basal area (list area factor of prism):

Densiometer: N:

S: E: W: o
7 4 K 97 | O *

Comments:

!
e/ﬁ\' 3@ Onp 5\NWW€ ; |0 J; ;.‘;:"'-_V'\i-' i"\_l Vst ;‘\ .:#“M - J\.&’J' !s

Understory description:
Midstory description:
eighboring Trees:
NE Species: , Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | (e Jeor gl [ 8L, = =
Decay Stagefjo 34567 |Crownclass: 1 2(3) 4 | Totentialroostht(f):
lbark| or |cavity]
SE Species: ] Dlstance to roost (m): Dbh (cm): Ht (fi):
quadrant; | Y édey 4y p -t (2ol 7.3 s

¥

Decay Stage: 1(2°3 4 5 6 7 | Crownclass: 1 2 3(4) | Potentialroost hi(ft):
[bark| or |cavity]

SW Species: : Distance to roost (m): Dbh (cm): Ht (ft):
quadrant: | Svremig b y |2 G.% 5.6
Decay Stage: IC?)' 34567 |Crownclass: 1 2 @ 4 Potential roost ht(ft):
|bark| or |cavity]|
NwW Species: Distance to roost (m): Dbh %m): ‘| Ht (ﬁ)
quadrant: | ped anep'?s el | 2
¥
Decay Stage: 1@ 34567 |Crownclass: 1 2 {3) 4 Potential roost ht(ft):

|bark| or |cavity]

Canopy Class: 1=emergent, 2=dominant, 3=mid-story, 4=suppressed

Decay Stage: 1=alive, 2=declining, 3=dead, 4=loose bark, 5=clean, 6=broken top, 7=stump

If this sheet is found please contact Mark Ford: 540-231-5927 | wmford@vt.edu | Virginia Polytechnic Institute



