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Anisoptera (unequal
wings): Dragonflies ~3000
species
Anisozygoptera ~3

A species

i~ Zygoptera: Damselflies




erchers, Eliers, Migrators, & Homebodies




Wing venation
affects wing

v camber, lift, and

_— ultimately flight

= patterns
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Dragonfly flight
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Dragonﬂy collectlons mvaluable

Collection name # spp.
#specimens
Florida State Collection 2728
150K
Ware Lab Collection 373
4K

Smithsonian Collection 253

AESHNA EREMITA Scodder (-3
determined by Ressor W, Gargison 1978

M-I—-\ CANADA: ALRERESes M8
1,8 km. N, of Alta.
Collectad by R.W. &

Lake Hee. Areo,
L, of Nordegg
6 August 1978

Sov. 1978
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Dragonfly collections: invaluable

Harness information in
collections

1.8 km. N, of Alta_
Gollectad by RW. &
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TOWD project scanning protocol
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How to prepare this scanning frame:

{1) Print this document, double-sided, on a single shest of white cardstock
(preferably) or white printer paper. Be sure to select Actual size (not Fit) in the
print men

{2) Using a knife and ruler, neatly cut out and remove regions A-D and F~G.

(3) Prepare the WGK and RGB color standards and affix them o the appropriate
regions (above the printed scale) with tape or glue,

) Place the completed frame on the scanner with the side |abeled face down on
the glass. Line up the arrow in the upper-right side of the face up side with the
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Aeshna juncea (Linnaeus)

det § W Durkde

CANADA: ALBERTA

Lake 0.5 mi E of Goldeye Lake
on Alta 11, W of Nordegg

9 Aug 1983

S. W. Dunkle

Collection of John C. Abbott
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MUM-000798

Enallagma daeckii (Calvert)
dot. GW. Lasiey 2012

UNITED STATES: LOUISIANA: Rapides Parish

Mothership Beaver Pond, Kisatchie Nat. Forest, ca 7 mi W of
Woodworth

N31.20186° W82 56746° 26 m

23 May.2011

G W Lasley & S Shley GWL554

LA Dept. of Wikdiife Collecton Permit # LNHP-11-069

University of Texas Insect Collection
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TOWD project scanning protocol
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UAG062710

Pseudoleon superbus (Hagen)

UNITED STATES: TEXAS: Val Verde Co
Dolan Creek just above confluence with Devils River
13.3 mi W of Loma Alta

12.Jun 2000-16.Jun 2000
John C. Abbott #JCA703

Collection of John C. Abbott




TOWD project
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Sympetrum illotum (Hagen)

det J.C. Abbott 2005

A

UNITED STATES: TEXAS: Jeff Davis Co

Cat Tank

Davis Mountains Nature Conservancy Preserve
N30.69920° W104.16260°

13.Sep.2005

J.C. Abbott #JCA2198
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TOWD project

Epiaeschna heros (Fabricius) «

o5 W O
UNITED STATES: FLORIDA: Cathoun Co.
‘Chipoia River & Rt 20

1 Ape 1074

5 W Dunkle

Colfection of John C. Abbott

——

TACSOPTEATE TRETE (agen) ¢ 13
dot, ¥. L. Yoy 1950

ARIASSAS, Sharp County .
Hock Creek y

L. B of 34tks at section road

ne 19%0

L by Mo L. ey

TON OF M. Lo WY s

americana (Fabriclus) ./

Hetaorina.
S S Ao 203

UNTED STATES: NEW MEXCO Chaves Co
Lok Notors Wiakte Rt

™ NE
N33 00237 Wik 41200
180 203 021 Moy

C. Abbort R Hl JCATOST

g

L University of Texas Insect Collection

EPITICA (TETKAGONELRIA) CANIS (Mt siist)
L My (978

NEW MAMPSHIRS, Coen Conrty
o o1 U3 3,35 kN of Whaeheld

COLLICTION OF M. 1. MAY

.

Dromogomphus spoliatus (Hagen in Selys) -

o8 Vi Dk

UNITED STATES. TEXAS: Calin Co,
Hoard Museurm

'subornata Hagen *

Plathemis
. OW Lo 213
UNITED STATES. NEW MEXICO: Chaves Co
1o Boamless Lakes State Park

N33 31642 W04 34195 10582 m

11 Aug

GW Lasey & R Larsan $GWLE30

calverti Muttkowski

ramea
o AC doven 0

UNITED STATES: OKLAHOMA co
orest Servce:

2550 2010
B Heck 80C323197

‘Collection of John C. Abbott
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forensis Hagen

o GW Lose 2012
UNTED STATES: OREGON Whase
John Dy River,

of Spray
Nk o7t wi 9 8071 527 m

29

G.W. Lasiey & C.A Johnson SGALIS
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along Oregon Huy 19, ca 7
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Hagenius brevistylus Selys

UNITED STATES ARKANSAS: Masgorery Co
Casdo Rwer @ Caddo Gap.

5 bowtares to SV
13.Jum 1996

University of Texas Insect Collection

Calopteryx dimidiats Burmeister - . -
- AC. A 5 ot Plather ‘subornata Hagen
N oo Libellula saturata Uler
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TOWD project
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Targeted Odonata Wing Digitization
(TOWD) Project
About the Project

- : ;

TOWD project

More information at:;
https://willkuhn.github.io/towd/



Aspect ratios: How elongate is the
wing compared to its overall area?

* Measurement of aerodynamic efficiency of a wing

* Ratio of wing span to mean chord of wing, with variations
(wing length)?

* Formula 1: AR = .
(wing area) High Aspect ratio Low Aspect

* Formula 2: AR = (outer le??gth) ratio
(outer width)

Long narrow wings, Wing Short broad wings,

(outer length)*(outer width) optimized for: Wing optimized
e Formula 3: AR = long-distance flight for:
(wing area) Maneuverability,
turning

High Aﬂ:eﬂ l.ow Aspect




More data on aspect ratios, better lnterpretatlons"

Are there differences in overall
wing characteristics?

Significant difference in Wing
Loading
P-value: 0.002945 =
* mass :no significant =
difference between
perchers and fliers

Significant difference in
Aspect Ratios
P-value 0.010

High Aspect ratio: longer narrower wings
Low Aspect ratio: shorter, stubbier wings




More data on apsect ratios, better interpretations?

2007: Hand measured forewings of 85 specimens, 7 months : 2019: Odomatic measurements for 206
L WOTK. . specimens, 2-3 minutes.ofworkl ............. ...

Are there differences in overall
wing characteristics?

Significant difference in Wing
Loading
P-value: 0.002945
* mass :no significant
difference between
perchers and fliers

Significant difference in
Aspect Ratios
P-value 0.010

Are there differences in aspect ratios?

Perchers have significantly lower aspect ratios
than fliers.

The p-value is .001819.

The result is significant at p < .05.

The standard deviation is lower than in 2007 at
0.3725

High Aspect ratio: longer narrower wings
Low Aspect ratio: shorter, stubbier wings




More data allows for examination of
differences among FW and HW
Forewings
Perchers have significantly lower aspect
ratios than fliers, p-value= 0. 001819
The result is significant. =

Hindwings -
0=0.485516. The result is not S|gn|f|cant




body mass (kg) (body mass)
wing area (m2)  (2(FW area)+2(HW area))

¢ wing loading =



Tandem Oviposition may affect wing loading

© G H Mahoney 1996




Tandem Oviposition, flight style may affect wing loading

2019 Odomatic measurements for 206

specnmens 2-3 minutes.ofwork! ................... |
Are there differences in overall More data, across families,
wing characteristics? no significant difference
between perchers and
Significant difference in Wing . . .
™ Loading fliers in terms of wing

P-value: 0.002945

* mass :no significant |Oading, p:051

difference between /
perchers and fliers :

Significant difference in /
@l Aspect Ratios ‘/\_‘ ¢ 8
P-value 0.010 S

High Aspect ratio: longer narrower wings
Low Aspect ratio: shorter, stubbier wings




Tandem Oviposition, flight style may affect wing loading

- 2007: Hand measured forewings of 85 specimens, 7 months 2019: Odomatic measurements for 206
O K, » specimens, 2-3 minutes.ofwork. ........... ... ...,

Are there differences in overall Tandem versus solo
wing characteristics?

ovipositing species have
significantly different wing
Significant difference in Wing

Loading loading values, p=0.0022
P-value: 0.002945
* mass :no significant
difference between
perchers and fliers

Significant difference in
jcll Aspect Ratios
P-value 0.010

High Aspect ratio: longer narrower wings
Low Aspect ratio: shorter, stubbier wings




What else can we gather from d:gltlzed

o>
—— | collections* ‘Habita t

' choice

e HNA EREMITA Scodder
ined by Rossor W, Garpson 1908

S CANADA: ALBFRESR h Lake Roe. Areo,
N 18 km N of Alta. SR "  E. of Nardegy
N Collectnd by RLW. & 3 N o August 1978
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Families of Anisogtera
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Aeshnidae

Gomphidae

Neopetaliidae
Synthemistidae
Macromiidae
Corduliidae
Libellulidae
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Multiple shifts In
speciation rates




With automatic feature
extraction and digitized
collections, we have
more data which affects
ecological >
interpretations **
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Helpful images...

Overlays of wing outlines of libelluloid perchers, fliers and “intermediates” to show general wing shape across
these groupings. Each thin line is a the wing of a single individual

Fliers Intermediates Perchers



Helpful images...

Overlay of wing outlines for all individuals in our e
dataset (forewing in red, hindwing in blue). Each
thin line represents the wing of a single individual.




