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Objective

Investigate trends in the foraging ecology
of Myotis as it relates to insect
occurrence & changes in forest structure

Photo by Josh Adams



Objective

Investigate trends in the foraging ecology
of Myotis as it relates to insect
occurrence & changes in forest structure

due to prescribed fire

Photo by Josh Adams
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- Radio Telemetry  Methods

o B S Bat Activity
Ko DBNF, 2006-07

Figure by Joe Johnson; pg. 95 in Lacki et al. (2007) in Bats in Forests;
Photo by Joe Johnson
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Methods

Insect Occurrence
DBNF, 2006-07

Photos by Allison Barlows, Tracy Culbertson, Luke Dodd & BugGuide.Net
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RESPONSE OF NORTHERN BATS (MYOTIS SEPTENTRIONALIS)
TO PRESCRIBED FIRES IN EASTERN KENTUCKY FORESTS

MicuaeL J. Lackr,* Damier R. Cox, Luke E. Dopbp, aAxnp MaTttHEw B. Dickinson
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Closest Farthest l

Stand type

Preburn, 3nd order Pine™ Hardwood™*® Hardwood—pin Pine—hardwood"”

Postburn, 2nd order Pine™ Pine-hardwood ™" Hardwood pinu(-
Slope position

Preburn, 2nd order ?\-1id.k|u[n:"" Ridgu" Lower .‘~|I.}[J'L‘B

Postburn, 2nd onder f"-ﬁdhlu[n:r\ Ridgt“ Lower hll.}[]'L‘{-
Bum condition

Postburn, 2nd order Burned® Unbumed"”

TasLe 1—Second- and 3rd-order habitat use by stand type, slope position, and bum condition for female northern bats (Myotis
septentrionalis) on the Daniel Boone National Forest, Kentucky, in 2006 and 2007. Habitats are ranked from closest to farthest from bat
locations. Only comparisons where differences were found are shown. Within rows, different letters (A, B, C) indicate habitats that differ

sienificantly (P <2 (0.1) from each other in their distances from bat locations.
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Percent volume Percent frequency
Taxon Preburn Postbum Preburn Postburn
Coleoptera 278+ 28 I35+ H6 100.0 1000
Diptera® 14+ 11 110+ 36 50.0 1O
Hemiptera 6.1 £ 35 56 +19 B33 75.0
Hymenoptera 14+ 14 0.4 16.7 0.0
Lemdoptera 6.6 * 52 46.4 * 5.3 1000 1O
MNeuroptera LX) 0.2+ (.2 (X)) 12.5
Trichoptera 04 %04 0.2*10.2 16.7 12.5
Other” 0.8 = 06 1.0 = 1.0 333 62.5

* Between burn conditions, average percent volume for Diptera is different in fecal samples of radiotracked bats at P < 0.01.
" Represents unidentified materials, hair, or vegetation.

TaprLe 3.—Mean percent volume * SE and frequency of occurrence (%) of insect prey in fecal samples of northem bats (Myotis
septentrionalis) radiotracked before (n = 6 bats) and after (n = 8 bats) prescribed buming on the Daniel Boone National Forest, Kentucky, in

2006 and 2007.
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RESPONSE OF NORTHERN BATS (MYOTIS SEPTENTRIONALIS)
TO PRESCRIBED FIRES IN EASTERN KENTUCKY FORESTS

MicHAEL J. Lackr® Damier R. Cox, Luke E. Dobp, axp MattHEw B. Dickinson

. o~
Percent volume Percent frequency
Taxon Preburn Postbum Preburn Postburn
Coleoptera 278 * 28 355 *+ B.6 100,00 10,0
Diptera® 1.4 + 1.1 11.0 + 3.6 S0.0 1(M). 0
Hemiptera 6.1 £ 35 56 +19 833 75.0
Hymenoplera 1.4+ 14 0.0 16.7 (0.0
Lepidoptera 6.6 + 52 46.4 + 83 100.0 100.0 |
MNeuroptera LX) 0.2+ (.2 (X)) 12.5
Trichoptera 04 % 04 02 +0.2 16.7 125
Other” 0.5 = 06 1.0+ 1.0 333 62.5

* Between burn conditions, average percent volume for Diptera is different in fecal samples of radiotracked bats at P < 0.01.
" Represents unidentified materials, hair, or vegetation.

TaprLe 3.—Mean percent volume * SE and frequency of occurrence (%) of insect prey in fecal samples of northem bats (Myotis
septentrionalis) radiotracked before (n = 6 bats) and after (n = 8 bats) prescribed buming on the Daniel Boone National Forest, Kentucky, in

2006 and 2007.
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-

TasLe 2.—Means + SE for abundance of insects (=10 mm in size) captured per trap night in blacklight traps before and after prescribed
buming on the Daniel Boone National Forest, Kentucky, in 2006 and 2007. ANOVA test outcomes are included.

All msects combined Coleoptera Lepidoptera Diptera

140 = 14
158 *= 14
4.1 (004

B0 * 1.47
243 + 3724
2003 (0.001)

126 * 13
1534 = 13
0.3 (0.6)

1.0 = (025
2.4 % ()34
12.2 ((.001)

Preburn (n = 43)
Postburn (n = 84)
F-statistic (P-value)

TasLe 2.—Means = SE for abundance of insects (=10 mm in size) captured per trap night in blacklight traps before and after prescribed
burning on the Daniel Boone National Forest, Kentucky, in 2006 and 2007. ANOVA test outcomes are included.


http://www.insectimages.org/images/768x512/1366021.jpg

Journal of Mammalogy, 90(5):1165-1175, 2009

RESPONSE OF NORTHERN BATS (MYOTIS SEPTENTRIONALIS)
TO PRESCRIBED FIRES IN EASTERN KENTUCKY FORESTS

MicHAEL J. Lackr,’

* DamieL. R. Cox, Luke E. Dobpp, axp MaTttHEw B. DickiNson

TasLe 2.—Means + SE for abundance of insects (=10 mm in size) captured per trap night in blacklight traps before and after prescribed
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TasLe 2.—Means = SE for abundance of insects (=10 mm in size) captured per trap night in blacklight traps before and after prescribed
burning on the Daniel Boone National Forest, Kentucky, in 2006 and 2007. ANOVA test outcomes are included.
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‘Higher use of burned sites for foraging...
* Correlated with reduced forest structure
(despite Myotis being clutter-adapted spp.)

* |ncreases in prey occurrence (?)
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Can. J. For. Res. 40: 2187-2203 (2010)

Effects of wildland fire smoke on a tree-roosting
bat: integrating a plume model, field
measurements, and mammalian dose-response
relationships

M.B. Dickinson, J.C. Norris, A.S. Bova, R.L. Kremens, V. Young, and M.J. Lacki

Proceedings of the 3rd Fire in Eastern Oak Forests Conference
GTR-NRS-P-46

FIRE AND THE ENDANGERED INDIANA BAT

Matthew B. Dickinson', Michael J. Lacki’, and Daniel R. Cox?
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! Service, West Virginia Division of Natural Resources, Bat Conservation
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Bat
White Nose Syndrome (WNS)
Occurrence by County/District*

300

1,000 Miles

0 100 200

600

Map by: Cal Butchkoski, PA Game Commission

(or portions thereof)

Feb. 2006: 1st detected
in Schoharie Co., NY

I Vortality-Winter 2006-07

Fall/Winter/Spring
2007-2008: [l Confirmed

2008-2009: [T ] Confirmed
Suspect

2009-2010: [ Confirmed
Suspect

2010-2011: [l Confirmed
Suspect

2011-2012: [ | Confirmed
Suspect
2012-2013: [} Confirmed

*Confirmed
Confirmed by
State / Province.
(outline color=suspect year)
*Suspect
WNS symptoms reported
but not confirmed by
State / Province.

1,800 Kilometers
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Methods

Mammoth Cave National Park

All survey points marked via GPS,
then geo-referenced in ArcGIS

Unburned Unit

Border / Road



Methods

Mammoth Cave National Park

A = Anabat acoustic detector for bats

All survey points marked via GPS,
then geo-referenced in ArcGIS

Burn Unit

Unburned Unit

Border / Road
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Monitoring Bat Activity
bR 7 MCNP, 2010-13




- Acoustic Methods

Monitoring Bat Activity
MCNP, 2010-13
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Methods

Mammoth Cave National Park

All survey points marked via GPS,
then geo-referenced in ArcGIS

Unburned Unit

Border / Road



Methods

Mammoth Cave National Park

L = Light trap for nocturnal insects

All survey points marked via GPS,
then geo-referenced in ArcGIS

Burn Unit

Unburned Unit

Border / Road
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Insect Occurrence
MCNP, 2010-13
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> Breliminamn/analysis i

* LLOg|transionmeaia

» Two-Eactor ANOVA:
* Burn vs. unburned
« Sampling interval

* Tukey's HSD
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Methods

Mammoth Cave National Park

All survey points marked via GPS,
then geo-referenced in ArcGIS

Unburned Unit

Border / Road
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M eth OdS LASER:...?.:.T?.

SCANNER

LIDAR Mapping

* LIDAR = “Light Detection and Ranging’

» Discrete-return scanning LiDAR
* 900-1,600 nm wavelength
* >4 pulses / m?

'Skowronski et al. 2007. Remote Sensing of Environment 108: 123-129.



Methods

LIDAR Mapping

* LIDAR = "Light Detection and Ranging’
» Data collected Oct 2010 (leaf-off) via fixed-wing aircraft



Meth Od g What scale is meaningful?
LIDAR Variables




M eth Od S Laser returns across over-,

mid-, & understory strata’
LIDAR Variables ¢15 m radii around survey points’

A

pOVGF

pmid

punder

'Lesak et al. 2011. Remote Sensing of Environment 115: 2823-2835



Methods

LIDAR Variables

o Strata

e Over-, mid-, & understory

» Determining canopy shape
 Mid:Over, Under:Mid, & Under:Over



Methods

LIDAR Variables

e Strata

e Over-, mid-, & understory

* Determining canopy shape
* Mid:Over, Under:Mid, & Under:Over

» Gap Index

* Percentage of pixels with no laser returns >3 m height



Analysis

* Today’s talk... Canonical Correspondence Analysis

« Standard ordination techniques following ter Braak'
* PC-ORD v. 4.25; default settings; 300 iterations

* Future... Predictive models & landscape maps

"McCune & Grace. 2002. Analysis of Ecological Communities. MUM Software Design
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Feeding Buzzes
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Low-Freq Files
®

o 15t& 2" Axes (P <0.1)
 47% variation explained
* “Inertia” of the data: 0.82
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H;gh—Fleq Pulses Viid-Over Low-Freq Pulses
‘ ’S u S Under:Over

B Underid
Bats + LIDAR

Under

® High-Freq Files

Feeding Buzze;
®

Broad separation
between bat groups...

Low-Freq Files
®

o 15t& 2" Axes (P <0.1)
 47% variation explained
* “Inertia” of the data: 0.82
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H;gh—Fleq Pulses R Low-Freq Pulses
‘ ’S u S Under:Over
Under:Mid
Bats + LIDAR

Under

“Clutter’-adapted fliers...

® High-Freq Files

Feeding Buzzes
®

Low-Freq Files
®

o 15t& 2" Axes (P <0.1)
 47% variation explained
* “Inertia” of the data: 0.82
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® High-Freq Files

Feeding Buzzes
®

Low-Freq Files
®

o 15t& 2" Axes (P <0.1)
 47% variation explained
* “Inertia” of the data: 0.82
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H;gh—Fleq Pulses Mid-Over Low-Freq Pulses
‘ ’S u S Under:Over
Under:Mid
Bats + LIDAR

Under

® High-Freq Files

Feeding Buzzes
®

Forest canopy structure #
Foraging efficiency of bats?

Low-Freq Files
®

o 15t& 2" Axes (P <0.1)
 47% variation explained
* “Inertia” of the data: 0.82



Results
Insects + LIDAR

o 18t Axis (P < 0.05)
* 11% variation explained
* “Inertia” of the data: 1.03



Results
Insects + LIDAR

o 18t Axis (P < 0.05)
* 11% variation explained
* “Inertia” of the data: 1.03



Results B
Insects + LIDAR B

o 18t Axis (P < 0.05)
* 11% variation explained
* “Inertia” of the data: 1.03



Discussion & Implications

* High frequency echolocators positively associated with cluttered
forest canopies; not so for low frequency echolocators




Discussion & Implications

» High frequency echolocators positively associated with cluttered
forest canopies; not so for low frequency echolocators
*Insect groups variable in their relationships to canopy structure
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Photo Courtesy of Marvin
Moriarty, USFWS

‘Bat Body
‘Condition



Photo Courtesy of Marvin
Moriarty, USFWS

_‘;; t’ Body  Changes during staging & swarming
‘Condition



Photo Courtesy of Marvin
Moriarty, USFWS

o iy * Critical to understanding WNS;
": Cond |t|0n immediate & long-term impacts






‘Forearm (+ 0.01 mm)y._
« Weight (+ 0.01 gram)

~ « Body Condition Index" =
Weight/Forearm (g/mm)

Methods

1 Pearce et al. 2008. Acta Chiropterol., 10: 153-159.

P4



Staging Results B

* Three surveys: April 61, 12t & 28t
» Total capture of 168 bats




Staging Results §

* Three surveys: April 61, 12t & 28t
» Total capture of 168 bats
Corynorhinus rafinesquii (2)
Eptesicus fuscus (2)

Myotis leibii (4)

M. lucifugus (10)

M. septentrionalis (118)

M. sodalis (4)

Perimyotis subflavus (28)




Staging Results §

* Three surveys: April 61, 12t & 28t
» Total capture of 168 bats

 Myotis leibii (4)

* M. lucifugus (10) No models significant for
* M. septentrionalis (118) = effects of sample interval
* M. sodalis (4) or sex (P> 0.09)

* Perimyotis subflavus (28)

—



Swarming Results

* Three surveys: August 23,
September 131, & 21st

» Total capture of 260 bats



Swarming Results

* Three surveys: August 237,
September 131, & 21st

» Total capture of 260 bats
* Myotis leibii (3)
M. lucifugus (17)
M. septentrionalis (63)
M. sodalis (10)
* Perimyotis subflavus (167)



Mean + SE

Myotis

Mean + SE

[#%]
=

(%)
(s3]

Weight (g)

—»-Males -©-Females

B

B

Mid Sept

Forearm (mm)

-o-Males -&-Females

Late Sept

LateAug Mid Sept

Late Sept

Swarming Results g

- Body Condition Index

-o-Males -S-Females

Mean + SE

A B B

Late Aug Mid Sept Late Sept

2x3 ANOVAs, Untransformed data (n = 91)
No differences between sexes for any model (P > 0.05)
Letters denote differences across survey dates (P < 0.05)




Results
Insect Occurrence

Abundance of Insects from Blacklight Traps
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Results

Insect Occurrence
Across Seasons

» Strong differences for
Coleoptera & Lepidoptera

Lepidoptera

One-way ANOVAs, Untransformed data (n = 142)

P < 0.05 for all models




Results

Insect Occurrence
Across Seasons

* Variation in Diptera;
consistent resource for bats?

One-way ANOVAs, Untransformed data (n=142)

P > 0.05 for this model

Diptera




Results

Insect Occurrence
Across Seasons

Total
Insects

One-way ANOVAs, Untransformed data (n=142)
P < 0.05 for this model
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