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1.0 PROJECT DESCRIPTION 

The North Carolina Department of Transportation (NCDOT) contracted with Three Oaks 
Engineering (Three Oaks) to assist in conducting part of a research study of the federally 
Threatened northern long-eared bat (Myotis septentrionalis; NLEB) in eastern North Carolina.  
The objective of this summer study was to determine the distribution of NLEB in eastern North 
Carolina.    
 
Three Oaks conducted mist-netting in six counties in the North Carolina coastal plain and in a 
seventh county in the Piedmont.  NCDOT coordinated sampling locations with state and federal 
resource agencies to avoid duplicating efforts.  All mist-netting locations addressed in this report 
were situated in north central or northeastern North Carolina.  This report includes results of 
the Summer 2017 phase of the overall Eastern NC NLEB Programmatic Agreement research 
project.  This research project was developed to occur over five years to collect data on the 
distribution, habitat characteristics, and behavior of NLEB in eastern NC.  The 2017 summer 
surveys described in this report occurred from April to September. 

The goal of the survey was to catch the target species, NLEB.  Surveys were conducted within 
suitable summer roosting and foraging habitat for NLEB.  All surveys were conducted by a 
qualified bat biologist with current US Fish and Wildlife Service (USFWS) and NC Wildlife 
Resources Commission (NCWRC) permits (Section 4.0 Investigator Qualifications).   

2.0 METHODS 

This section describes the methods used to perform habitat assessments and field surveys.  
Survey methodology followed procedures and protocols set forth by the NCDOT project scope 
and the Standardization for NLEB Research document provided by NCDOT (2016).  All survey 
work was consistent with the protocols stipulated in the National White Nose Syndrome 
Decontamination Protocol (USFWS 2016a), North Carolina’s White-nose Syndrome (WNS) 
Surveillance and Response Plan (NCWRC 2013), USFWS Guidance and Justification for 
Decontamination in North Carolina (USFWS 2016b), and the NCDOT WNS Decontamination 
Protocol (NCDOT 2014).   
 
Surveys were conducted in the following counties: 
1. Beaufort County  
2. Caswell County  
3. Edgecombe County 
4. Hertford County 
5. Halifax County 
6. Hyde County 
7. Northampton County  

Locations for netting within each county were suggested by USFWS and NCDOT.  State game 
lands were targeted locations due to the amount of habitat available.  The most suitable net 
sites for capturing NLEB within each location were selected by Three Oaks’ bat biologist, with 
consultation from NCDOT.  Forty-two calendar nights of mist-netting were conducted, with six 
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calendar nights of netting conducted in Caswell, Edgecombe, and Northampton Counties.  Due 
to the capture of the NLEB in Hyde County, only one night of netting was conducted in this 
county.  Nights not used in Hyde County were reallocated in Hertford County (8 nights total), 
Halifax County (8 nights total) and Beaufort County (7 nights total).  The number of locations 
netted in each county depended on the availability of quality habitat and potential sites for mist-
netting.  Locations selected were: 

Beaufort County 

• Goose Creek State Park 

• Van Swamp Game Land 
Caswell County 

• Caswell Game Land  
Edgecombe County 

• Lower Fishing Creek Game Land  

• Mildred Woods Wetland Mitigation Site (NCDOT) 
Halifax County 

• Medoc Mountain State Park* 

• Tillery Game Land  

• Upper Roanoke River Wetlands Game Land (Pollock’s Ferry Tract) 

• Roanoke River Preserve (The Nature Conservancy) 
Hertford County 

• Chowan Swamp Game Land* 
Hyde County 

• Gull Rock Game Land 
Northampton County 

• Upper Roanoke River Wetlands Game Land  
 

*Location previously mist-netted by NCDOT contractor 

2.1 Habitat Characterization 

Most locations had not previously been surveyed.  An initial desktop-GIS assessment was 
performed using the latest orthoimagery to determine potential mist-netting sites for NLEB at 
each new location.  (A location was considered new if NCDOT contractors had not previously 
conducted field work there in 2015 or 2016.) 

At each survey site, the habitat was described.  The natural community type was characterized 
using the Classification of the Natural Communities of North Carolina, Fourth Approximation 
(Schafale 2012).   

Habitat in the survey area was scored by selecting one from each of the following:  
1) Pine/Hardwood/Mixed 
2) Upland/Bottomland 
3) Managed (thinned, burned, or pine plantation)/Unmanaged  
4) Cutover/Immature forest/Mature forest 
5) Clutter* (Classifications 1-4)  

(1) Sparse/no, < 10% cover (example: open for 40m in all directions) 
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(2) Low, 10–39% cover (low clutter stands typically contain <6 or >95-year-old trees,  
(3) Medium, 40–75% cover (medium clutter stands typically contain 70–100 year-old 
trees, example: at least 10-m wide travel corridor, fairly open above) 
(4) High, > 75% cover (high clutter stands typically contain 10–25 year-old trees, example: 
closed canopy & travel corridor < 10-m wide) 
6) Natural (>50% wooded)/Rural (>50% agricultural land)/Mixed (primary land use is not 
wooded or agricultural) 

 
*Clutter was characterized visually as an average cover of all strata for the forested area  
 
Where NLEB were captured, additional habitat data were collected: forest basal area (m2/ha) 
was assessed using a 10-factor prism and canopy cover was assessed using a sighting tube at 10 
random locations within a 0.05-ha circular plot around each site (Cook et al. 1995, Ford et al. 
2006).   

2.2 Mist-net Surveys 

Surveys were conducted between April 25th and September 15th, 2017.  There were three 
locations (Goose Creek State Park, Medoc Mountain State Park, and Chowan Swamp Game 
Land) where mist-net surveys had been conducted previously, so minimal (if any) scouting was 
necessary.  At the remaining locations, extensive scouting was conducted to determine the best 
mist-netting sites.  A variety of community types were selected for sampling.  Site coordinates 
were recorded using a handheld GPS unit.   
 
Three Oaks’ bat biologist determined the location and number of nets to set each night using 
best professional judgement.  Net sites were placed in high quality foraging/roosting habitat 
within each study location.  Digital photographs were taken of each net set placement 
(Appendix A).  Mist-net surveys followed methodologies as outlined by the USFWS Range-Wide 
Indiana Bat Summer Survey Guidelines (USFWS 2017) and the NCDOT document, 
Standardization for NLEB Research (2016).  Surveys were repeated if winds moved the nets 
more than 50 percent of the time, or if rain/fog persisted for 30 minutes or continued 
intermittently throughout the survey period.  Mist-netting did not take place if the ambient air 
temperature was forecast to fall below 50° Fahrenheit. 
 
Nets were checked for bats every eight to ten minutes.  Data (e.g., bat captures, weather, 
habitat type) were recorded on waterproof NCDOT mist-netting data sheets (Appendix B).  For 
each bat capture, data collection included time of capture, species, age, sex, reproductive 
condition, weight, and right forearm length.  All bats were banded with a uniquely-numbered 
Porzana band on the right forearm (males) or left forearm (females).   
 
Nets remained open at least five hours a night unless the target species (NLEB) was captured.  
Netting was stopped at each county once a NLEB was captured.  Prior to release, NLEB were 
photographed (Appendix C) following techniques provided in the USFWS 2017 Indiana bat 
survey guidelines, as were other Myotis species.  
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3.0 FINDINGS 

3.1 Habitat Characterization 

Natural community types at each mist-net site were as follows: 

1. Beaufort County 
Goose Creek State Park 

Site 1 – Coastal Fringe Evergreen Forest (Typic Subtype)  
Van Swamp Game Land 

Site 2 – Nonriverine Swamp Forest (Mixed Subtype) 
Site 3 – Nonriverine Swamp Forest (Mixed Subtype) 

 
2. Caswell County 
Caswell Game Land 

Site 1 – Dry-mesic Oak-hickory Forest (Piedmont Subtype) 
Site 2 – Mesic Mixed Hardwood Forest (Piedmont Subtype) 
Site 3 – Piedmont Alluvial Forest 
Site 4 – Dry-mesic Oak-hickory Forest (Piedmont Subtype) 

 
3. Edgecombe County  
Lower Fishing Creek Game Land 

Site 1 – Brownwater Levee Forest/Loblolly Pine Plantation 
Site 2 – Mesic Mixed Hardwood Forest (Coastal Plain Subtype) 
Site 4 – Nonriverine Swamp Forest (Mixed Subtype)  

Mildred Woods Wetland Mitigation Site  
Site 3 – Coastal Plain Small Stream Swamp (disturbed) 

 
4. Halifax County 
Medoc Mountain State Park 

Site 1 – Mesic Mixed Hardwood Forest (Piedmont Subtype) 
Tillery Game Land 

Site 2 – Loblolly Pine Plantation/Nonriverine Swamp Forest (Sweetgum 
Subtype) 

Upper Roanoke River Wetlands Game Land (Pollock’s Ferry Tract) 
Site 4 –  Brownwater Bottomland Hardwoods (High Subtype) 

Roanoke River Preserve (TNC) 
Site 3 – Mesic Mixed Hardwood Forest (Coastal Plain Subtype) 
Site 5 – Brownwater Bottomland Hardwoods (High Subtype) 

 
5. Hertford County 
Chowan Swamp Game Land 

Site 1b* – Brownwater Bottomland Hardwoods (High Subtype) 
Site 2 – Brownwater Bottomland Hardwoods (Swamp Transition Subtype) 
Site 3 – Loblolly Plantation/Dry-mesic Oak-hickory Forest (Coastal Plain 
Subtype) 
Site 4 –  Brownwater Bottomland Hardwood (Swamp Transition Subtype)  
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6. Hyde County 
Gull Rock Game Land 

Site 1 –  Nonriverine Swamp Forest (Sweetgum Subtype) – see Photo 1. 
 

7. Northampton County 
Upper Roanoke River Wetlands Game Land 

Site 1 – Brownwater Bottomland Hardwood (Swamp Transition Subtype) 
Site 2 – Mesic Mixed Hardwood Forest (Coastal Plain Subtype) 
Site 3 – Brownwater Bottomland Hardwoods (High Subtype) 
 

*Site numbering system follows survey work conducted for NCDOT in 2016 
 

Photo 1.  Nonriverine Swamp / NLEB Capture Site in Gull Rock Game Land, Hyde County 

 

3.2 Mist-net Surveys 

Forty-one full nights of mist-netting were conducted.  A forty-second night of netting ended 
early due to the capture of a NLEB on June 26th, at which point netting was concluded in Hyde 
County per the project scope.  Six nights of netting were conducted per county, with the 
following exceptions: Beaufort County, seven nights; Halifax County, eight nights; Hertford 
County, eight nights; Hyde County, one night.   

Weather conditions varied from clear to 100% overcast, while the nightly temperature ranged 
from 56° to 84° Fahrenheit.  Netting was conducted from approximately 20:00 to 1:00 Eastern 
Daylight time.  Three to five nets were typically erected at each net site; most nets were stacked 
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double-high or triple-high.  Some nets were moved from one night to another within a site in 
order to sample an alternative fly-way.   

A summary of mist-netting captures is given in Table 1 (organized by county).  Four hundred 
forty-two (442) bats were captured in total, representing nine species.  Mildred Woods Wetland 
Mitigation Site was the location with the fewest bats captured (three over the course of one 
night), while Chowan Swamp Game Land had the most (101 captured in eight nights).  The most 
commonly captured species was the eastern red bat.  One individual was captured for each of 
the following two species: NLEB and Seminole bat (Lasiurus seminolus).  Four Silver-haired bats 
(Lasionycteris noctivagans) were captured.  Captures per night ranged from one to 34 bats.  
Photos for each mist-net site are provided in Appendix A; data sheets are in Appendix B.   

Two bats observed during the survey, both big brown bats (Eptesicus fuscus) captured at Goose 
Creek State Park the night of April 25th, had significant amounts of scarring on their wings, 
warranting a rating of 2 on the Reichard wing index score (2009) (photos in Appendix C).  It is 
not known if this was due to WNS or some other cause.  Both bats were adult females, one was 
pregnant and one non-reproductive, both bats appeared healthy otherwise.  The 
nonreproductive female was swabbed for WNS, but the lab results have not been received.  

The NLEB was captured on June 26th at Gull Rock Game Land in Hyde County off Outfall Canal 
Road near Pamlico Sound.  The bat was a post-lactating adult female, which indicates that 
breeding probably occurred in the area.  The bat’s wing condition was rated as zero; forearm 
length was 35 mm; weight was 5.7 grams.  The bat was banded on the left forearm with 
3OAKSNC0356.  Photos of the NLEB and other representative Myotis (all M. austroriparius) are 
in Appendix C.   

NLEB capture site: 
 

Gull Rock Game Land, Site 1, 35.365876°, -76.159534°.  Nonriverine Swamp Forest 
(Sweetgum Subtype); medium clutter.  Two triple-high 6m nets were set along a 
wooded grassy road running in between forested habitat.  A double-high 18m net was 
set on a second road, parallel to a linear water feature.  The NLEB was captured in the 
triple-high 6m net closest to the junction of the two roads.  Vegetation included loblolly 
pine (Pinus taeda), wax-myrtle (Morella cerifera), sweet gum (Liquidambar styraciflua), 
red maple (Acer rubrum), black cherry (Prunus serotina), red bay (Persea borbonia), 
sweetbay (Magnolia virginiana), Cane (Arundinaria tecta).  Basal area was 120ft2/ac; 
canopy coverage was 53%.  

3.3 Other Surveys 

Three Caswell County bridges, located in areas of quality foraging habitat, were inspected to 
determine if NLEB or other bat species could be using them for roosting. The bridges were 
selected as they all received abundant sunlight and had concrete guardrails; two of the bridges 
had concrete decks as well. There was no evidence of bats at any of the bridges.   See Figure 17 
for bridge locations and Appendix D for data forms. 
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Table 1. Mist-netting Capture Summary  

Location 
Site 
No. Night 

Date 
(2017) CORA EPFU LABO LANO LASE MYAU MYSE MYLU NYHU PESU TOTAL NOTES 

Beaufort County 

G
o

o
se

 

C
re

ek
 S

ta
te

 
P

ar
k 

1 

1 4/25  16 2      3 1 22  

2 4/26  5 2   1   2 2 12  

3 4/27  6 2 
1 

 1   2 2 14 
Black bear; 
2-minute 
rain 

V
an

 S
w

am
p

 

G
am

e 
La

n
d

 

2 
1 6/27  3 3 

 
    4  10 

Bear 
activity 

2 6/28 1  4      3 1 9  

3 
1 8/16   3   2   1  6  

2 8/17  1 1      1  3  

Caswell County 

C
as

w
el

l G
am

e 

La
n

d
s 

1 
1 5/15  2 10 2     4  18  

2 5/16  1 5 1     2  9  

2 
1 5/17  2 15      3 1 21  

2 5/18  1 9        10  

3 1 5/22   3        3  

4 1 5/25   12      1  13  

Edgecombe County 

Lo
w

er
 

Fi
sh

in
g 

C
re

ek
 

G
am

e 
La

n
d

 

1 
1 5/31 1  6        7 Thunder 

2 6/1   1        1  

2 
1 6/19 4 2 1   2    1 10 Brief rain 

2 6/21 1  1   1     3  

4 1 8/22   1      2  3  

M
ild

re
d

 
W

o
o

d
s 

M
it

ig
at

i
o

n
 S

it
e

 

3 1 6/22    

 

    3  3 

 

Halifax County 

M
ed

o
c 

M
tn

. 
St

at
e 

P
ar

k 

M
ed

o
c 

M
tn

. 

St
at

e 
P

ar
k 

1 
1 7/24   23 

 
      23 

 

2 7/25   8 
 

      8 
 

Ti
lle

ry
 

G
am

e 
La

n
d

 

2 1 7/26   9 

 

    2  11 

 

U
p

p
er

 
R

o
an

o
ke

 

G
am

e 
La

n
d

 

4 

1 8/2  2 8 
 

1 1    1 13 
 

2 8/3  1 23 
 

 1   2 2 29 
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Location 
Site 
No. Night 

Date 
(2017) CORA EPFU LABO LANO LASE MYAU MYSE MYLU NYHU PESU TOTAL NOTES 

R
o

an
o

ke
 

R
iv

er
 

P
re

se
rv

e
 3 1 7/31  1 2   1     4  

5 
1 9/13      3     3  

2 9/14   2   1     3  

Hertford County 

C
h

o
w

an
 G

am
e 

La
n

d
s 1b* 

1 6/6   5   4   4  13  

2 6/7 1          1  

2 
1 6/8   2   1     3  

2 8/8  1 2        3  

3 
1 8/9  17 17        34  

2 8/10  8 25       1 34  

4 
1 8/30  1 5   1     7  

2 8/31   8       1 9 Brief rain 

Hyde County 

G
u

ll 
R

o
ck

 

G
am

e 
La

n
d

 

1 1 6/26  1  

 

  1  2  4 

Ended early 
due to 
MYSE 
capture 

Northampton County 

U
p

p
er

 R
o

an
o

ke
 

R
iv

er
 W

et
la

n
d

s 
G

am
e 

La
n

d
 1 

1 7/11  1 6        7  

2 7/12 1  5   2   1  9  

2 
1 7/13  2 4      7 2 15  

2 8/1 1 2 9   2   4  18  

3 
1 7/19   5   3   2 1 11  

2 7/20   1   2     3  

   Totals 10 76 250 4 1 29 1  55 16 442  

*Numbering system follows survey work conducted in 2015 & 2016 
SPECIES: Rafinesque’s big-eared bat=CORA, big brown bat=EPFU, red bat=LABO, silver-haired bat=LANO, Seminole bat=LASE, southeastern bat=MYAU,  
northern long-eared=MYSE, little brown bat=MYLU, evening=NYHU, tricolor=PESU
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Appendix A. Net-Set Photographs 
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Goose Creek State Park, Beaufort County  

 

 
Site1, Net A (4/26 and 4/27) and Net B (4/25) 

(Note that same nets were relabeled as they were rearranged from one night to another within a site) 
 

 
Site 1, Net B (4/27) 
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Goose Creek State Park, Beaufort County  
 

 
Site 1, Nets B and C (4/26) and Nets C and D (4/25 and 4/27) 

 

 
Site 1, Net E (4/25 and 4/27) and Net F (4/26) 
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Van Swamp Game Land, Beaufort County 
 

 
Site 2, Net A 

 

 
Site 2, Net B 

 

 
Site 2, Net C 
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Van Swamp Game Land, Beaufort County  
 

 
Site 2, Net D  

 

 
Site 3, Net A 

 

 
Site 3, Net B (8/16) 
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Van Swamp Game Land, Beaufort County  
 

 
Site 3, Net C 

 

 
Site 3, Set D 
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Caswell Game Lands, Caswell County  
 

 
Site 1, Net A 

 

 
Site 1, Net B 

 

 
Site 1, Net C 
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Caswell Game Lands, Caswell County  

 

 
Site 1, Net D 

 

 
Site 2, Net A  

 

 
Site 2, Net B 



Northern Long-Eared Bat Research Project, Summer 2017 Phase         R-9999 

Net Set Photographs 37 

Caswell Game Lands, Caswell County  
 

 
Site 2, Net C and Net D 

 

 
Site 2, Net E 

 

 
Site 3, Net A 
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Caswell Game Lands, Caswell County  
 

 
Site 3, Net B 

 

 
Site 3, Net C 

 

 
Site 3, Net D 
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Caswell Game Lands, Caswell County  
 

 
Site 4, Net A 

 

 
Site 4, Net B 

 

 
Site 4, Net C 
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Lower Fishing Creek Game Land, Edgecombe County 
 

 
Site 1, Net A 

 

 
Site 1, Net B 

 

 
Site 1, Net C 
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Lower Fishing Creek Game Land, Edgecombe County 
 

 
Site 1, Net D 

 

 
Site 2, Net A  

 

 
Site 2, Net B 
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Lower Fishing Creek Game Land, Edgecombe County 
 

 
Site 2, Net C  

 
Mildred Woods Mitigation Site, Edgecombe County 

 

 
Site 3, Net A 
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Mildred Woods Mitigation Site, Edgecombe County 
 

 
Site 3, Net B and Net C 

 

 
Site 3, Net D 

 

 
Site 3, Net E 
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Medoc Mountain State Park, Halifax County 

 

 
Site 1, Net A 

 

 
Site 1, Net B 

 

 
Site 1, Net C 
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Medoc Mountain State Park, Halifax County 
 

 
Site 1, Net D 

 
Tillery Game Land, Halifax County 

 

 
Site 2, Net A 
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Tillery Game Land, Halifax County 
 

 
Site 2, Net B 

 

 
Site 2, Net C  
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Upper Roanoke River Wetlands Game Land, Halifax County 
 

 
Site 4, Net A 

 

 
Site 4, Net B 

 

 
Site 4, Net C  
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Roanoke River Preserve (TNC), Halifax County 
 

 
Site 3, Net A 

 

 
Site 3, Net B 
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Roanoke River Preserve (TNC), Halifax County 
 

 
Site 3, Net C 

 

 
Site 5, Net A  

 

 
Site 5, Net B (9/13) 
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Roanoke River Preserve (TNC), Halifax County 
 

 
Site 5, Net B (9/14) 

 

 
Site 5, Net C 

 

 
Site 5, Net D 
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Roanoke River Preserve (TNC), Halifax County 
 

 
Site 5, Net E (9/13) 

 

 
Site 5, Net E (9/14) 
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Chowan Swamp Game Land, Hertford County 
 

 
Site 1b, Net A 

 

 
Site 1b, Net B 

 

 
Site 1b, Net C 
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Chowan Swamp Game Land, Hertford County 
 

 
Site 2, Net A 

 

 
Site 2, Net B (6/8) 

 

 
Site 2, Net C 
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Chowan Swamp Game Land, Hertford County 
 

 
Site 2, Net D (8/8) 

 

 
Site 2, Net E (8/8) 

 

 
Site 3, Net A 
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Chowan Swamp Game Land, Hertford County 
 

 
Site 3, Net B 

 

 
Site 3, Net C  

 

 
Site 4, Net A 
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Chowan Swamp Game Land, Hertford County 
 

 
Site 4, Net B 

 

 
Site 4, Net C (8/30) 

 

 
Site 4, Net D (8/31) 
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Gull Rock Game Land, Hyde County 
 

 
Site 1, Net A 

 

 
Site 1, Net B (NLEB capture) 

 

 
Site 1, Net C 
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Upper Roanoke River Wetlands Game Land, Northampton County 

 

 
Site 1, Net A 

 

 
Site 1, Net B 

 

 
Site 1, Net C  
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Upper Roanoke River Wetlands Game Land, Northampton County 
 

 
Site 2, Net A 

 

 
Site 2, Net B 

 

 
Site 2, Net C 
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Upper Roanoke River Wetlands Game Land, Northampton County 
 

 
Site 2, Net D 

 

 
Site 3, Net A 

 

 
Site 3, Net B 
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Upper Roanoke River Wetlands Game Land, Northampton County 
 

 
Site 3, Net C  
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Appendix B.  Mist-Net Survey Data Forms  
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Appendix C.  Bat Photographs 
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MYSE, profile, Hyde County (6/26) 

 

 
MYSE, tragus, Hyde County (6/26) 

 

 
MYSE, frontal view, Hyde County (6/26) 
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MYAU, Beaufort County, 4/26 

 

 
MYAU, Edgecombe County, 6/19 

 

 
MYAU, Edgecombe County 6/19 
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MYAU-Halifax County 8/1 

 

 
MYAU-Halifax County 8/1 

 

 
MYAU-Halifax County 8/1 
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MYAU, Halifax County, Roanoke, 9/14 

 

 
MYAU, Halifax County, Roanoke 9/13 

 

 
MYAU juvenile, Halifax County, Roanoke 9/13 
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MYAU, Hertford County, 6/7 

 

 
MYAU, Hertford County, 6/7 

 

 
MYAU, Northampton County, 8/1 
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EPFU Wing Scarring, Beaufort County, 5/25  

Wing swab taken for WNS 
 

 
EPFU Wing Scarring, Beaufort County, 5/25  
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Appendix D.  Bridge Survey Data Forms 
 



mary.frazer
Text Box
mapped as bridge survey #1



mary.frazer
Text Box
mapped as bridge survey # 2



mary.frazer
Text Box
mapped as bridge survey #3




