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ABSTRACT

Different methods of feather identification are discussed and evaliated, such as

macroscopical comparison with bird sking,

Iigh:—nﬁcroscop}* (LMD, and
scanning electron micr

oscopy (SEM). Several new tech niques are discussed

which might be applied in the furvre, such as sectioning of feather pars,
biochernical analysis of keratins, and analysis of ch

The results obtained in bird strike anal
investigation of feathers and feather

comparisons with bird skip

emical elements in feathers,
¥sis in the Netherlands with LM
fragments in combination with
s are evaluated. 96% of zll examined feather
remains (n=1659) could be assigred to order, 71

% to family, 64% o £ens,
and 58% to species. The

Swift accounts for 24% of all identifications

at species
level. At family level, the Apodidae

also score highest with 19%, foilowed by
gulls and terns (Lardae & Sternidae) with 18

Passeriformes score highest with 40%,
265,

%. At order level, the
followed by the Charadriiformes with
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INTRODUCTION

Collisions between birds and aireraft constitute
a major problem to flight safety. Especially
during the last decade the notion has become
widely accepted that an adequate assessment of
this problem by keeping accorate bird strike
statistics 35 indispensable for taking the most
appropriate preventive measures.
Consequently, the search for diagnostic
characters which can be used to idenzfy those
species most frequently involved, has been
intensified. Besides preliminary biochemiczl
studies on the analysis of blood and flesh

remairs (e.g., de Bont et al. 1986), attenton
has been focussed on the identification of
feathers and feather fragments.

AL several meetings of the Bird Stike
Committee Europe (BSCE), methods of
identification have heen presented and
evaluated, and, especially, after the formation
of a Subgroup on Feather Tdentfication within
the Analysis Working Group of BSCE,
microscopic identification of feathers has heen
discussed in detail.

The aim of this paper is to present an
overview of the methods currenty used arnd to
discuss some of the results from the
Netherlands. Further, the state of the art is
evaluated for some techniques which might be
applied 1o fzather identification in the future.

EVALUATION OF METHODS QF
FEATHER IDENTTFICATION

Macroscopical comparison of feathers

The maditionally used and most simple way of
feather identification is that of comparing
unknown feathers with a reference collection.
In erder to be able to determine whether
younger {and therefore less experienced) birds
are more accident-prone than acults, a
distinction between age ¢lasses is needed in
bird strike staristics. Since no diagnostic
characters are found in the micromorphology
of feathers by which juveniie and adil: birds
can be distingwished, ail informacen on the age
of the bird depends on mucroscopical criteria.
and heree on the size and condition af 1he bird
remains available for examination (see Table 1.
For some species hardly any differences in
plumage exist between juveniie and older
birds, wiicreas in others these differences are
guite pranounced, at least during certain

perinds of the year.

Ildentification with light-microscopy
(LM)

In the Netherlands, the ideztification of
-feathers with light-microscopy started in 1978.
Based on the work of Chandler (1916) and
Day (1966}, an extensive LM study of the
structure of downy barbules of body-feathers
was performed, reference collections
consisting of microscopical preparadons and
LM photographs were compiled, and a method
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was developed for identification purposes
{Brom 1950, 1986). Most feather remains can
be easily assigned to the order {and sometimes
0 the family) to which the bird belongs.
Although some authors {Hargrave 1965,
Messinger 1965) have worked successfully at
the species level, the differences between
closely related families and, especially, species

are 50 small that constructing a key at this level
is not feasible. At our instituie, feathers are
identified with the key presented in Brom
(1986) in combination with comparisons with
the reference collection of preparations and bird
skins. In case one chooses for a collection of
LM photogriphs, 1wo sets of prints, one
arranged according 1o species and the other
amanged to sirilarity of characters, provide the

best use of this aid, This system was found

be most satisfactory by Messinger (1963) in
bis study of featiers coliected at archaeological

siles.

Since 1978, LM Investigation of bird remains
i combinziion with the macroscopic method
kas Been applied &s a routine procedure. The
effeet of the introduction of the microscopic
examingtion of feathers, together with a more
conscientious search for even the smallast
Teather fragments by the airficld personel, has
been discessed on several occasions fe.g.
Brom & Buurma 1979, Buurma & Brom
1979, Buurma 1983). A drasuc shift towards
smmaller and darker birds ook place. At order
level, the detection of passeriforms increased
f1om 9% in 1960-1977 1o 46% in 1978-1983,

At species level, swifts increzsed from 11% in

1960-1977 10 30% in 1978-1983 (Brom
1984

Scanning electron microscopy (SEM)

Earlier studies of feathers with scanning
elecgon microscopy (Davies 1970, Stettenhieim
1976, Reaney et al. 1978, Laybourne 1984,
Robertsen er al. 1984, Lyster 1985, Brom
1987} have clearly indicated that SEM can
contribute toward the elecidation of functional,
evolutionary, and developmental aspaets of
feather mictoamorphology as wel]l as of
taxonomic and diagnostic questions, The
current research of the author, subsidized by
the Netherlands Organization for Scientfic
Research (NWO), concemns the investigation
of the phylegenetic significance of characrers
foend in the microsiruciure of feathers.
Althougi the primary goal of this project is 10
evzluare the evolutionzry polanty of
characters in order to assess the reiztionships
between the bigker taxy of birds, it 1x bevand
doubt that also the identification work wiil
benetlt from this study. With SEM the eqrlier
described chiaracters (Brom 1986} can he
studied in more detail. It is envisaged that rew
diagrostic characters will become availzbie angd
that, upon completion of 4 reference collecnion
of several thousands of SEM photograpks, this
technigue can be vsed as a routine procedure in

the aralysis of bird remains in the near fumre,




Study of the internal structure of feather
parts

Preliminary studies (e.g. Auber 1957, 1964,
Swales 1970, Dyck 1977, 1978} of the internal
structure of feather parts {shafi, barbs, and
barbules)

configurations in the medulla and cortex

suggest that the cellular
constitute diagnostic characters for different
groups of birds. According to Swales (1970},
the internal suucture of barbs is constant within
a speeies, differs from related species only in
detail, and inciudes a basic pattemn comrnon to
all species which belong 10 the same fam:iy.
However, until now swdies in this direction
have been limited and the results are far from
sufficient to compile a reference collection. At
present no diagnostic characters are avallable
that could be vseé for comparisons with

caknown feazhers,
Biochemical analvsis of feather keratins

Feathers, scoles, and skins of birds consist
meainly «f B-keratins. which ars highly
organized and complex proteins, exmemely
insclublie and resistant to chermcal, physical,
and biclogical agents {e.g. Brush 1976, Fraser
& MacRae 1976). This stability s dae to the
cysteins bonds that form within the proteins,
One of the requirements of gel
eiectrophoresis is that the proteins under study
are soluble and it is the insolubility of feather
proteins that forms a major drawback in keratin

studigs, The resulis are therefore of limited

value and much is still 1o be learned about
keratins and the evolutionary significance of
glectrophoretic pauerns. Working aleng
different lines of biochemical analysis,
O'Donuell & Inglis (1974) and Knex (1980)
presented results which indicate that feather
keratin molecules do have considerable
potential as a source of tixonomic information.
The work that has been done so far indicates
that keratins represent a group of closely
related gene products. The reason for the large
number of keratin monomers that are known 10
be synthesized remains 2 subject of speculation
(Busch & Brush 1979, Brush 1985). Some of
these monomers are species specific, whereas
others are tissue specific and szem o he
charactenistic of various feather pasts such as
vane or rachis, or arz typically fournd in the
pennaceors portion or downy porton
(Schroeder et al, 1935, Huarrap & Woods
1967, Busch & Brush 1979, King & Murphy
19873, Since data on the amino acid
compasition of faathers are available for only u
randful of species, diagnostic characters thae

AT0N work are oot

could be applied i dent

kKnown as vet.

Analysis of chemical elements in feathers

Feathers are composed primarily of carbon,
aitrogen, oxygen, and hvdrogen, but about 3
dozen additional chemical elements have been
found and sill others are suspected. from the
work of Edelstam (196%) and Kelsall {19847 1¢
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content of Teathers reflects the composition of
the local environmient in which they were
grown. Since the chemistry of geologicul areas
varies, S0 100 must the chemistry of tissaes
grown in different areas, paricularly tissues
such as feathers, which, once grown, form a
closed system. Chemical profiles developed
from single feathers thus mazy be diagrestic of
tae origias of birds which moult and arow new
feathers in discrete arcas. Colanially nesting
geese in particular have been shown o be
referable o their colony of onigin through
knowledge of the chemismy of feathers.

The methods of chemicalty anatyzing feuthers
have included classical wet chemistry, atnmic
abserprion/flame emission. and aumber of
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RESULTS
The identfication resvits from the Netherw s
1 the period that featter remains were ar alvsed
orly macroscopicaly are as follows. In the
petied 196G-1973, 100% of ali insnected
remains (n = 119) could be assigned to 2 bird
order, 92% 1o family, 88% 10 genus, and 744

to species. However, these results strongly

dzpended on the skills of the investigator and

on the condition of the bird remains, Smaller

bird remasing were neglected aned therefore bird
strike statistics were seriously biased by an

over-representation of easily recognirable bird

Spec;es.

The foliowing is a summary of the analysis
of 1659 featker remains of bird smikes in the
renod 1960-1987. All materal dating from the
period before 1978 has been recheciked ek
macroscopically and with LM by the author,
Included ars only those remains tiat have beeg
received by the Zoological Museum,

Aristerdam Some 2% of the toial nombe s of

reimnains 15 the resol: of bird siiies with cival
eirernft For these reasons the dara rresenicd in
Tasle 11 shouid nor he ince moreted  as
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2 species miest freguentiv encounterad is
the Swift, with a wial of 227, This & 145 of
the total number of bird srikes in the period
;960—19:‘).- (sce Appendix). This hird is
present i western Europe from mid Apni w

Seprember (the eariiest collision occurrad on 4
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TABLE 1. Age classes of 15 bird species
most frequendy identified in feather remains
from bird strikes in the period 1960-1987,
identified at the Zoological Museum,

Amsterdam,

species

Swift - Apis 2pus
2. Lapwing - Vaoelius vapellps
3. Black-headed Gull - Lanss ridibundys
4. Buzzard - Byteo butgo
5. Swallow - Himndn rystica
Skylark - Alandz arvensis
. Wood Pigeon - Colymba nalumbug

i}

7

8 Rock Dove/Feral Dove - LColumba ivig
9

- Common Gull - Lang canes
10, Starling - Stumes valears
1. Craffinch - Fringilly coelahy
12, House Martin - Delichon urhiza
13, Herring Gull - Lanps argenapy
14, Kestrel - Falgo tirnuggelas

13, Panridge - Perdis perdi

May, the latest on 3 September). Due o both
its serial way of life and its highly charasteristic
feather structure (Brom 19863, the Swift
accounts for 24% of all identifications at
species level (Table I1). At family level, the
Apodidae also score highest with 19%,
followed by the gulls and terns

(Laridae/Sternidae) with 18%. At order level, .

the Passeriformes score highest with 409,
foliowed by the Charadriiformes with 265
{Table I).

n Juvenile/ adult age
immature unknoown
227 0.4% S0% 0%
104 E% 7% 85%
66 414 30% 28%
3 2% T 01
51 16% 6% 8%
47 0% 0% 100%
9 3G itz GaA%
34 9% 0% 1%
32 8% 6% 16%
i 5% 45 al%
24 3% s BTG
23 4% 5% 87
2z 6% o 0%
It 5% 5% a0
15 7% 0% TIE

10 all aralyses of Swifr remains n=2271,
oniy one juvenile {= first calendar vear] bird
has been encouniered, whereas at Feasr i
adults (= 407 of toral) were involved, This
reszlt is in accordance with the fact tha
Javenile Swifis are only infrequendy seen in
feeding flocks in north-western Euvrope,
because they migrate southward soon after
they have left the nest {Cramp et al. 1983}, Of

all identified specimens of Hermring Gull Lans

argeatatus (n=22), only one juvenile (firg

TABLE 1I. )
MACTOSCOpic
remarns fro
1960-1987, i

PELECANIFOR
Sulidae

CICONIFORME
Ardeidae

ANSERIFORME
Anatidae

ACCIPITRIFORA
Accipitiidar

FALCONIFORM]
Falconidae

GALLIFORMES
Phastanidae
Tetraonidar

CHARADRIFORN
Charadriid e
Harmaopodidae
Laridae/Stermnidne
Scolopacidae

COLUMEBITOR ME:
Columbidas

STRIGIFORMES
Sirigidae
Tytonidae

CAPRIMULGIFORM
Caprimulgidae

APODIFORMES
Apodidae



arh hird
east S0
d. This
1cl that
seen 1n
Furope,
o after
85). Of
Il Larus

e (firs:

TABLE 1I. Identification results obtained by
macroscopic and LM analysis of feather
remains from bird strikes in the period
1960-1987, identifted ar ZMA,.

% of total % of todal

number of number of
identfiad rientified
families orders
PELECANIFORMES -
Sulidae P
CICONIIFORMES 15
Ardeidue 1%
ANSERIFORMES 3%
Anatidas 4
ACCIPITRIFORMES 4%
Accipimdar 5%
FALCONIFORMES 1%
Falconidae 2
GALLIFORMES F5%
Phsianidac 25k
Tetraonidas -

CHARADRIFORMES 267

Cluragnidae 10%

Hazmatnpodidae -
ridas/Siemidas 15%

Scolepacidae 2%

CO_UMBITORMLS 10%:

Coiumbudae 14%

STRIGIFORMES 1%

Stigidae

Tytomidas -

CAPRIMULGIFORMES

Caprimelgidae -

APODIFORMES 14%

Apadidie 19%

PASSERIFORMES 40%

Alavdidae 44
Himndinidae T
Fringillidae 34
Embenzidas -
Motacillidae 1%
Corvidae 2
Prunelljdae --
Ploceidae -
Sylviidae -
Stmidae 24
Tirdiidae 2%

calendar year} bird was fourd, whereas seven
were immatures (2nd - 3rd calendar veary and
14 aduls (oler than 3 calendar years)., A
more even distribution of age classes was
found in  the Black-headed Gyl L.
ndibundys: 19 were juveniles (1st and early
2nd culendar vear), 14 were adults, whereas in
13 cases the remains were 10 scanty to
determine the age of the bird. In strikes in

which the Common Gujl L. canus was

involved, nine were juveniles, 18§ adults,
whereas of 15 birds the age could not be
established (Table I,




CONCLUSION

The reiabiiiny of bind strike statistic

bencitis from the cooperation betwesn aviatio
suthoTiies and professional biolozists, In the
Netherlands. the quality as weil as the guaniny
of feather idenrificerions have Invrensed
significantly during the iast decade on azcoust
of three reasons:

1. The improvement of the general reporting
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APPENDIX. Species identified in macroscopic and LM analysis of feathe:

rermains from bird strikes in the period 1960-1987.
number %% of towat % of tota)

number number of
af bird identified
srikes species

PELECANIFORMES

Sulidae

Northern Gannet-Suly bassana 1 . -

CICONIIFORMES
Ardeidae
Grey Heron-Ardea cingren 5 . 14

ANSERIFGRMES

Anatidae

Mallard-Anag planrhvnchps
Teal-A, crecen

Wigeon-A, peneiooe
Garganey-A, quergueduly
Greylag Goase-Anser anger
White-fronted Goose-A L 2'bifrons
Eider-Somajeria moflisgimg

GoosanZn-Mespas mergarser

T mu e o e b s b

1t

ACCIPITRIFORMES
Accipitridae

Hozzard B [y 53 i S0
Cirashapper Burzand Eagle-
Bormturepl

oy Brzzard-Pemis
ahaw k- e

Gushawk-AL gor

FALCONIFORMES

Falconidae

Kestrel-Fzlon lonuesuics 14
Hobby-E,_gubhien 1
Merlin-F, colpmbanges i
American Kestrel-F,_sparverips 1

GALLIFORMES
Phasianidae
Partndge-Pergdx perdes 5
Pheasant-Phasignus ¢elchicys, 2 -
Chuicar Panridge-Alegton s chukar 1 -
[ouble-spurred Francolin.

Frangohres bicalgaratus 1 - -~
Tetraonidae
Black Grouse-Terag w2y
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CTHARADRIIFORMES
Charadriidae

Lapwing-Yancllug vargiing LK
Golder Flovar-Fluviahis aoogany T
Blackhead Plover-Sarpophonis 1oopss, 1
Haematopaodidae

Chystercatcher-Hapmaterus osimalesys 13
Laridae

Black-headed Guli-Lancs midibendas 65
Common Gaul-L, ¢anus 3
Herring Guil-L., argenians 22
Lesser Black-backad Gell-L, fuseas 7
Grear Black-backed Gud-L, maanas 1
Sternidas

Common Term-5terna Lirendo Z

Eiack Tem-Chlidonas mara 1

Scolopaciduae

Common Soipe-Galhngog gailtrazo 6

Woodcook-Sealamx rahisoly 2

Cunew-Numeaies prouans i

Black-tatled Godwit-Limaoss Loy E

Redshan :

Ras-L o

COLUMEBIFORMIS

Columbidae

Wood Piacon mi matumbey A

Rack DoveFeral Dove-C, v =
1
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STRIGIFORMES

Strigidae

Lung sared (e z

Tytonidae

Bam Owl-Ta !

CATRIMULGIFORMIES
Caprimulpidae

Ll MNightir O ot rods ey 1
Whag-taled Mighnar-C povenneray 1

Giin

APODIFORMES
Apodidae
Swlt-ALys apLs




PASSERIFORMES
Alaudidae

Skylark-Alguda arvensis
Hirundinidae
Swallow-Hinindo rustica
House Marun-Delichon urhica
Sand Marun-Ripana gpara
Fringiliidae
Chaffinch-Enngilia goelebs
Brambling-F, montifringilla
Linnet-Carduelis cannabing
Siskin-C, spinps
Bullfinch-Pyrrhula pyvrrhula
Emhberizidae
Yelowhammer-Emberjza cinoells
Motacillidae

White Wagtnil-Motacella glba
Yelow Wagrail-M, flava
Meadow Pipit-Anthys pratensis
Tree Pipit-A, tnviakig
Corvidae

Fackdaw-Cons monedisty
Rook-C, fumilegys

Carmon Crow-C, ¢orone
Prunellidae
Dunnock-Prunelly mogdulars
Ploceidae

House Sparow-Passer domestizus
Svlviidae

Blacksap-Sylvig aiocapilla
Sturnidae

Starling-Sturmups vulparis
Turdidae

Fieldlere-Tyrdlys pilans
Redwing-T, iliacus

Song Thrush-T, philomelcs
Blackbird-T, merula

Misde Thrush-T, viscivorus
Wheatear-Oenanthe genanthe
Rohin-Enthagps rubecnlz
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