¥ Smithsonian

—

@ Science Behind Sndarge

Carla Dove, Director, Feather Identification Lab, Smithsonian Institution
National Museum of Natural History, Washington DC USA




Happy 34" Meeting

1992 Inaugural Meeting Roster, Aug 4-6, JFK Airport

| TAmMEs E Fowbrs

Al

Tom NACHTmAN

2. Brisw Afohvleta 27 Tuvlie Beegle Sl 7Homps L. SEAmaLs
3 AL Godin 29 Diana  Me THER Son 52 Teanold L. BELANT
Y. Viwceat Cimiwo 29 Liwda S. Mmiiler 53 Pe7er E |oat
S. GENE LeBoevf 30 Righaed E.GCRIELiths S Robet S. Dodd
b. Row Merwnitt 31 David m. Hamersholk g5 Digpand CLhip man
7 GaeY Latsos 32 Robert H. Schmid+ oy . '’
: . Keviw Graws
5. pim S 33 Dewwis palthav &7 Toves Hoawe
:Cf? Rl%u OIBML g: iofug;v%ﬁu gg g;mj‘x/u S:;: ?;HEX TEL
iet Maojols 3, mike PodlasKi - DevAis ATE
:Zl gﬁ:th'un fdjadenos 3’6‘} Dy o o vbOUR We L0 4LVIN L. MOMMART
13. Rawdall Greew 3y Cl. Jobw H. Eddens
1Y, Viweest d. TeNizZi0 39 iemlatiedl > 1/ o2, 2 TELSE
(. Tave [Pravd Yl Viaton E£.F Solmasv G4 , QS
17 Diek Parker Yz witliam B. Digele ¢5. Lavea Hewze
18, NieK E. froffitt Y3 William C. Fiww, Jr. 6. Sco+t Dowdy
19 RolPH A. Davis W Tawve+ L. S})‘//Arfs 67 Joe Pateamo
20. W. Johw Richandson Ys Tokw P. KowaloHyKK 68 Johw AlLGERL
21, TracY Qasselman Yo Tohw STtansce 9 Johw QOMM:‘«v?s
27, Bruce A. FrAck 47 Scott Marss 7. Row Rathborw
23. Robeet O MeClouvd 49 Dowald T. Wilda 7/ Edwawd P. Hill
2Y. Howand Bawvilower 49 DVowwis M. Bul mas 72, ARLiC Wive sillee
25. wil Fred EmMon7Ts SO Arwold m. Slogwe '



1995 BSC Dallas, TX

2018 Mid-winter Meeting

Dedication of Keynote Presentation

A | h| h | r 1

. FEATH
4 = A
1r‘ | N T b | I
JECTIV
J 1 U ]

MYSTERY, MAYHEM, and the

MAGNIFICENT LIFE

Sticking my neck out for 80 years

Life on the
Wild Side

Richard A. Dolbeer

CHRIS SWEENEY




The Science Behi Snarge

Smithsonian

4 Oct 1960 — Boston Harbor Crash Pioneer “Forensic Orn/tho/ogy”
62 fatalities — European Starlings )
Roxie Laybourne, 1910-2003
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: . Columbiformes - doves
Passeriformes - songbirds

AN R

Gilroy, B.A. 1987. Microscopic Variation
in Plumulaceous Barbules of the Rock
Dove, Columba livia (Aves: Columbidae)

Anseriformes - ducks



Microslide Preparation







Burmese Pythons in Everglades National Park

Passeriformes

iyl

Columbiformes

Research Article

Birds Consumed by the Invasive Burmese Python (Python
molurus bivittatus) in Everglades National Park, Florida, USA

Carla ). Dove ¥, Ray W. Snow, Michael R. Rochford & Frank |. Mazzotti
Pages 126-131 | Received 09 Jun 2010, Accepted 27 Sep 2010, Published online: 01 Mar 2011
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| in the boat include an 1ron axe, @

1g and a wool textile
Anseriform

ARCTIC

s of a wooden boat discovered in 1934 under a low mound in a bog

The boat grave dates to the 10th century in the Viking Age, and g
was wrapped, and pillow remains consisting

f the feathers from a subsample of the pillow fill iden
“haradriiformes (unspecified gull). It was possit

VIKING PILLOW
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Feather Characters in N.A. Plovers
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Figure 5. Discriminant function plot showing separation of species based on three
characters: Factor (1) = Pigmented nodes per barbule C,B
Factor (2) = Subpennaceous length

1- Charadrius semipalmatus 4- Charadrius wilsonia 7- Pluvialis squatarola
2- Charadrius alexandrinus 5- Charadrius montanus
3- Charadrius melodus 6- Charadrius vociferus

QUANTIFICATION OF MICROSCOPIC FEATHER
CHARACTERS USED IN THE IDENTIFICATION
OF NORTH AMERICAN PLOVERS'

Carra J. Dove
Smuithsonian Institution, National Museam of Natwral History,
Depariment of Vertebrate Zoology, Washington, DO, 20560









Plumulaceous Feather Characters in Charadriiformes
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Grus canadensis

Haematopus bachmani
Vanellus chilensis

Jacana facana

Rostratula benghalensis

Bartramia longicauda

Numenius americanus

Limosa haemastica

Scolopax rusticola

Stercorarius longicaudus
Burhinus oedicnemus

= Fulica americana

Gavia adamsi

Uria aalge

- Pterocles orientalis

™ Syrrhaptes paradoxus
imantopus himantopus

Cladorhynchus leucocephalus

Recurvirostra americana

Haematopus palliatus

Pluvianus aegyptius

Dromas ardeola

Rynchops niger

Issa tridactyla
_‘E Rhodostethia rosea
Gelochelidon nilotica
Chionis alba
Tringa nebularia
Limnodromus griseus
—— \/anellUS vanellus

Fic. 147.
acters,

Charadrius alexandrinus
Tringa flavipes

Lymnocryptes minimus
! Ac’.?’f’?r i

iza virgata
alidris alpina
Calidris alba
Gallinago nigripennis

L_"“E Gallinago gallinago

Phalaropus tricolor
—‘E Phalaropus lobatus
Cursorius chalcopterus
Cursorius cursor
Glareola pratincola
Attagis gayi
Thinocorus rumicivorus
Charadrius vociferus
Charadrius montanus
Heteroscelus incanus
Ibidorhyncha struthersii
Arenaria interpres
Pluvianellus socialis

Strict consensus of 6,646 trees using 53 taxa and 38 microscopic downy feather char-

A DESCRIFTIVE AND PHYLOGENETIC ANALYSIS
OF PLUMULACEOUS FEATHER CHARACTERS IN
CHARADRIIFORMES

CARLA J. DOVE
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Scolopax rusticola
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rista

Pterodes orientalis
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Glareola pratincola
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Thinocorus rumicivorus
Charadrius vociferus
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Heteroscelus incanus
Ibidorhyncha struthersii
Arenaria intei
Pluvianellus socialis

FiG. 147.  Strict consensus of 6,646 trees using 53 taxa and 38 microscopic downy feather char-
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O
Volume Lanass, pp. 1-102

A DESCRIPTIVE AND PHYLOGENETIC ANALYSIS
OF PLUMULACEOUS FEATHER CHARACTERS IN
CHARADRIIFORMES

CARLA J. DOVE

Yellow- b|IIed Loon (Gaviiformes)

Common Murre (Charadriiformes)



Uz CD 9-Feb-1998  Uria aalge ) 100w V2 LD 18-Nov-1997

Convergent evolution: The independent evolution of structural or
functional similarity in two or more unrelated or distantly related
lineages or forms that is not based on genotypic similarity and
common ancestry.

adamnsii



Nodal Function — Insulator
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Diving duck (Aythyinae) Dabbling duck (Anatinae)
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DIFFERENCES IN PLUMULACEOUS FEATHER CHARACTERS OF DABBLING AND
DIVING DUCKS

CarLa J. DovE'" AND ANA AGREDA”
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Anatini
Anserini
Mergini
Cygnini
Dendrocygnini
Aythyini
Oxyurini
Stictonettinae

Tadornini

Marcy Heacker 2000
USDA via FAA

Heacker-Skeans, M.A. 2002. A Quantitative and Phylogenetic Study of the Plumulaceous Feather Characters
of the Waterfowl (Aves: Anseriformes)
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Cathartidae Pandiomdae Accipitndae Cathartidae Pandionidae Accipitndae

Figure 6. The separation of Cathartidae, Pandionidae, Accipitridae via principal components (PC): PC 1 (left) and PC 2
(right). Plots show mean (middle horizontal line), first quartile (bottom horizontal line), third quartile (top horizontal
line), maximum value (top vertical line), minimum value (bottom vertical line). PC1 is negatively weighted with the
characters basal node width (distal section), basal node width (midsection), average nodes/barbule, basal internode
length (distal section), basal internode length (midsection). PC2 is positively weighted with barbule length and internode
length measured at the midsections of basal barbules. Overlap is noted in ranges of most measurements.

J. Raptor Res. 56(1):75-88
© 2022 The Raptor Research Foundation, Inc.

MICROSCOPIC ANALYSIS OF THE PLUMULACEOUS FEATHER
CHARACTERISTICS OF CATHARTIFORMES AND ACCIPITRIFORMES
IN NORTH AMERICA

CHARLES P. ]. CODDINGTON' AND CARLA . DOVE
Smithsonian Institution, Division of Birds, Feather Identification Lab, NHE E-600, MRC 116,
Washington, DC 20560 USA

Davip A. LUTHER
George Mason University, 4400 University Drive, MS 3E1, Fairfax, VA 22030 USA



DNA

* Henri Ouellet - Canadian
Ornithologist, National
Museum of Canada, Ottawa
(taxidermist)

* 1990s helped Transport
Canada identify birdstrikes.

* Begin to think about using
DNA (electrophoresis) for
identification of birdstrike
remains.






DNA ‘Barcoding”
ABBI| — All Birds
Barcode Initiative

* Initial Meeting April 2004

e Smithsonian, Royal Ontario
Museum, Harvard, Univ. of
Guelph, Rockefeller University

e Birds of North America
completed 2006



DNA Barcode 1 23456 12345 8

A DNA “barcode” is a short,
standardized gene region for
identifying animal, plant and

fungal species

¥
-
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Small ribosomal RNA







Field Expeditions

Avian surveys near Camp Lemonnier and Day Forest, Djibouti,
Africa

Carla J. Dove', James F. Whatton', Jacob R. Saucier', Brian K. Schmidt’, Steve W. Gotte',
Matthew W. Klope®, Houssein Rayaleh’

Expedition Funding Sources: DoD Legacy, US Navy, US Air Force, Smithsonian



BoLD Reference
Library
21 M public records
1.6 M species
4,000+ birds

Troublesome species

do occur: > OF LIFE DATA SYSTEM

odiversity science through DNA-based species identification.

Barcode

4 N
1l

\ 4

Anatidae and Laridae
exhibit extraordinarily
low divergences

Evolutionarily young
species, especially where
hybrids occur, are often
problematic

doi: 10.1111/j.1471-8286.2006.01670.x

0 NA barcode coverage of North American
birds
. . . . . KEVIN C. R. KERR,*MARK Y. STOECKLE,tCARLA J. DOVE,fLEE A. WEIGT j}
* Transformed our species identification ability! CHARLES M. FRANCIS§ and PAUL D. N. HEBERT*
. ] . *Department of Integrative Biology, Biodiversity Institute of Ontario, University of Guelph, Guelph, Ontario, Canada N1G 2WI,
¢ A| rpo rt man age ment a p pl Ications an d tProgram for the Human Environment, The Rockefeller University, New York, NY 10021, USA }Smithsonian Institution, National

Database Improvements!

Museum of Natural History, Washington, DC 20013-7012, USA, §National Wildlife Research Centre, Canadian Wildlife Service,
Environment Canada, Ottawa, Ontario, Canada K1A 0H3




Similar plumages, microstructure is
difficult, and mtDNA-barcoding is
inconclusive for species identification

* Species identification problematic

>50 species of gulls world-wide
~16 species of ‘white-headed’ gulls




Multi-locus Approach

Microsatellite genotypes (nuclear)
— bi-parentally inherited, high rate of mutation, short tandem repeats
in non-coded regions of nDNA

Nuclear gene intron sequences
— bi-parentally inherited, slow rate of mutation, non-coded regions
of nDNA

Mitochondrial DNA control region sequences

Sarah Sonsthagen — FAA
Sponsored Post-doctoral Fellow



Haplotype Network Map

* Each circle represents a unique
haplotype (i.e. unigue sequence)

* Size of circle is indicative of the number
of individuals that had that haplotype

* Each color is a different species

* Each clump is a closely related bunch of
haplotypes

* The distance between clumps is
equivalent to the genetic distance between
them (i.e. the number of nucleotide
differences)



]
H
=
O

California Guill
Caspian Gull

Glaucous Gull
Glaucous-winged Gull

O Great Black-backed Gull
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Heerman’s Gull
Herring Gull
Iceland

Kelp Gull

Lesser Black-backed Gull
Mew Gull
Ring-billed Gull
Slaty-backed Gull
Thayer’s Gull
Western Gull
Yellow-footed Gull

Recurrent hybridization and recent origin
obscure phylogenetic relationships within
the ‘white-headed’ gull (Larus sp.) complex

Sarah A. Sonsthagen ®®< 2, &, Robert E. Wilson = 9, R. Terry Chesser %, Jean-Marc Pons 78,

Pierre-Andre Crochet "', Amy Driskell ®, Carla Dove °©
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E-3 AWACS, Elmendorf AFB, 22 Sept USAirways Flight 1549, Airbus 320, 15 Jan
1995, Canada Geese, 24 fatalities 2009, Hudson River, NY, Canada Geese

3

g 5

il o RS 3
i JeJu Air Muan Int. Airport,
_——— South Korea (ongoing)

29 December 2024

179 fatalities, 2 survivors,
Baikal Teal

Cessna Citation, Oklahoma March 4 2008, Sikorsky Pave Hawk HH-60G, 7 January 2014, RAF

American White Pelican, 5 fatalities Lakenheath, UK - Pink-footed Goose, 4 fatalities e:g Smithsonian Institution



Lack of FAA guidance for
windscreens

4 January 2009 — Sikorsky S-76C crash in Louisiana

8 fatalities. 1 survivor T-handles jarred loose, require
’ modifications

Windscreen had been replaced with
a lighter material




e 500-600 feet AGL
e 95-110 knots

e 2323 central time
« 3 fatalities
Medical helicopter enroute back home after dropping off a patient

Cackling Geese;
3 samples DNA-sex all female (4.2 |bs., males larger)

7 photographs of carcasses indicated at least 2 different birds (at least 3
feet visible)

Braading
Winter

Winter (scarme)
Migration

Rare




Bell 206L-4, New York Helicopters, 10 April 2025, Jersey City, NJ, 6 fatalities (on going)




1515 ~EDT

Sightseeing
flight

Inflight
breakup at
cruise

About 400 ft
msl|

90-95 knots

17- 18 June 2025 MA collecting team - collaboration



126 sample bags
* 9 NTSB, mid-April

» 82, storage facility, MA, June

* 35, NTSB headquarters, DC, September







CONTAMINATIONS?

17 samples were determined (by CJD) to be contaminated by environmental conditions
(submersed in water in mud); or because bird species identified do not comingle (e.g.
American Woodcock),or because plant matter was detected in the sample (possible
floating and originated in water).

Cockpit was not contaminated by clothing or jacket filling.

" Sample 1.77 (7 species)

Photos from internet searches of accident



Canada Goose
American Woodcock
‘white-headed gull’
Brant

Passerine

Gadwall
Mallard/Black Duck






Eyewitness: Running north along path parallel to
Hudson in NJ. Running around light house on Newport
just south of Holland Tunnel ventilation towers when a
flock of 20 very big, fat birds, believed to be geese, took
flight right in front of her headed easterly toward the
river. A dog park near the small green space near light
house. Dog may have spooked the birds. The birds

almost hit her.

Black-backed Gull wing on rooftop

CRASH

Holland T

&
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i

Dog Park



Time 1513:54.2  1514:04.8  1514:14.0  1514:24.5  1514:44.4  1514:46.5 1514:47.5 @

1374:48.4 1514:50.4

Eyewitn %}?

(geese)

Figure 2. ADS-B flight track and geographic data highlighting the last minute of the flight through breakup,
uncontrolled decent and loss of signal.




VALIDATED BIRD EVIDENCE AT IMPACT POINTS ON HELICOPTER

1.85 1.70 130 1.105
\

SN 304 (Red Blade)

SN 303 (Blue Blade) 1.74
166 ,1.2

119 /116 16
*Samples 1.1,1.5,1.6,and 1.12
@ Brant Goose () were taken from the inboard
L j wall of the left fin
Canada Goose >

Waterfowl (goose)
® Great Blacked-backed Gull (plus one sample (1.8) found on rooftop.

Gull

Numbers listed above color code points correspond to sample numbers in Attachment 1 - Birds (validated) mapped tab.



“Bird Zone” 500-5,000 feet

Special report for Federal Aviation Administration, Airports Division, Washington DC, 15 May 2025
(In press as a FAA Airports Technical Center publication, not for public distribution until published)

Wildlife strikes involving civil rotorcraft: implications for Advanced Air
Mobility Operations

Richard A. Dolbeer, Science Advisor, Airport Wildlife Hazards Program, U.S.
Department of Agriculture, Wildlife Services, 6100 Columbus Ave., Sandusky, OH
44870

* Fly <80 knots when possible

e Fly > 500 feet when possible

* Beware of night flying, especially
during spring and fall migration

* Windshield vulnerability

e Lighting systems (pulsed)

e Bird-detecting radar

Trend Analysis of Wildlife Strikes
Involving Civil Rotorcraft:
Awareness for Advanced Air
Mobility Operations

“coming soon”

Electric-powere
Advanced Air
Mobility Aircraft
500-5,000 feet
Operate quietly
Amazon targets a
total of 100K

oo

Cruise altitude

. Deliveryto
" customer

m Return flight

T o ST



285 Height; 62 knots

15 April 2026 Amazon Drone Strike

| Richardson, TX

. P Western Cattle Egret (12 ounces)
TERERRERRED B

A gl "0 - 'y
- H -8 J
LV PEhFEH | Ws&

N396PA was returning from delivery when a bird struck the drone. The drone system behaved as expected, commanding a switchover from the Primary to the Recovery flight controller lane
and enacted a Straight Land. The Straight Land concluded in a landing atop a tree. When the incident response crew amived onsite 15 minutes later, the drone fell from the tree and
sustained damage. There were no injuries to persons or any damage to third party property. A more detailed report will be provided after Prime Air's investigation of this event is completed.
QTX1 Amazon Prime Air. NOTE: OWNER/ OPERATOR= AMAZON.COM SERVICES LLC. Model: MK30. Engine Manufacturer: Unknown. Engine Model: Unknown. Western cattle egret

(Ardea ibis)

Aircraft Time out of Service (hours): Estimated Cost of Repairs or Replacements (U.S. §): Estimated other Cost (U.5.5) (e.g. loss of revenue, fuel, hotels):
45.00 70000
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3 ELEMENTS TO A SUCCESSFUL BIRDSTRIKE PROGRAM

- wikil e faa. gowipning P SirkeReaarNum=2024-08-31 - 25264 TR Strkn Reporin=1 558508
Strike Rusport Confimaton:
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s 4
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Wildlife Strike Database Species Identification Airport Biologist



Urban Air Taxi Drone Delivery Service

¢ b adl .-L.. - — i,



Panel Discussion and Poster



1960s

1991

2000-2002

2008



Keep Birds and Aircraft Apart S
SAFER SKIES FOR ALL WHO FLY








*
















Thanks!

% Smithsonian Institution
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