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ABSTRACT

ods ol teather idenlilicaiion aro discusseo and evatuat€d, such as&mparjson with bjrd skins, microscopical examination of,eatherbiochsmical anatysis ot f6ath6r proteins. Tle resulis ol the microscopical0l f€alhers as applied to bird strike anatysis in the Netherlands are
l:j:::T*,T. 

in which ways accurate identrrrcarion procedures may
]Ke $alistics. The main conctusion is that prop€r idenli,icalion of birdnlal and essentiat to bird strike statistics. Aviation autho.ilies should

towards the improvement of the generat roporting and collecljng
..biologists should optimize and standaroize their identification
tho possibililies of diflerent id€ntitication tocnnrques, anc, make their

0f blrd romains, identitication methods, reliability of bird strik€
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INTRODUCTION

On6 ol tho first steps in reducing the risk collisions between birds and ai
establishing which species are most likely to cause an accidont. Only whqn a
insight rogarding th€ spgci€s most frequently involved in bird strikes has bgen
the mosl ad€quato provenlivo moasurss Inay be tak6n, jn both bird controland
design. Espocially during th6 last decade, the nolion thal an adoquate
this problom by keeping accurate bird strike statistics is indispensablo lor lallfi
most appropriate pr€vonlive measures, has b6come generally accapted.

REPORTING AND COLLECTING

Int€rnationally, bird strike reporling systems have been set up to get an insighli
bird hazard. However, du€ to differenl lactors, in most data sets the numberol
which the bird has beEn identified is low in comparison to the total numb€r ol
some analys€s, the numb€r of unidenlilled bkds is given (Tabl€ 1), bul in oth€n
ar€ lully ignored. In either case, bolh conclusions and pr€v€ntiv€ mgasurcs a,t
based on an oxtremely limited numb6r ol casss and possibly bias€d stalislics.

TABLE 1. Porcsntag€ ol unidontitied birds in btrd sidke statistics'

The total number ol unknown bids involved in collisions wilh aircratt may bo
lour calegodes.
1) The first concerns strikos that occur unnoticed. No estimation exists
percentage of cases lhat is simply not noticed, neithor by pilots at th€ momont
nor by ground p6rsonnel during post-tlight inspeqtions.
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2)The second catggory Is dug to strikes that aro not roported. soveral ,aclors mav
accounl {or d€tective repor ng and hence tor unretiablo or btased sla sllcs (e.g;
Blokpoet1976, Lind 1978). Aird striko reports ar6 dsllvered by pilots, groundstat,, B;d
uonlrcl Unils, or engineers, and the quall ty depends on lhe dedication andohllhologlcal knowl€dg€ ol th6se p6opls. Roporting standards vary conslderabty
am0n0 countd€s, airlinss, and ailports, and ihis tacl aton€ raisos lho question ol howmsaninglul birct strtk€ stattsltcs are (e.g., Thomas 1988), tn per cutar when data tromdillotont organizations or counld6s are combined or comparsd. A slrJdy lo assoss thssiro ol lhls catggory indicated lhat 67% ol lhe blrd sldkeg had nol been r;port€d (Bivings
& Modve 1990); olhers havo estimatod lhis numbsr lo be as high as 80 to 65i. (Lt;d
1978, Hadson 1979).
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3) Th€ thkd cat€gory is th€ number ot bird .emains thal are not colloct€d. Thetlffice ol retalning bird r€mains may nol be fu y undsrstood by ov€ryone who ts inuB posrlron lo collecl lh€m ,or ldsntilication and molivation Io submil remains lorldonlillcatlon vafles lrom person to p€rson. Flrlhermore, some organizations arenoosted jn lhe €xact identillcation ot the sp€cies onty ll damage ha-s been done foThus,,large birds whlch caused spscfacutar damege ers mor€ l@quenlly
lhan small r€mains which olten cause negligibto damage.

llh€ss celegories are int€rrelated, lhelr resp€c ve contrlbution io lh€ tolaloI unKnowns probably va es among counlrles and organizations. In any cas6lhal ths rottabitity ot bird strike stetisttcs can -,, U" "*""..0 i, in"n.ot adlviii€s In two difierent domains, avlaflon and blologlcal r€sgarch.
auhlrilles shoutd dlr€ct th6ir €lforls lowerds tho lmprovem€nl o, th€ g€noral
^did 

collocting standard. This may be achioveO by sev€ral m€asures, such asts€ ol slandard reponlng iorms torcing r€p;d€rs to pay afl€nljon to the;. lne €stablishment ol Ekd controt units at girfietc,s (Anon. 1977, Euurma
c€nlralization ot bird stdko reports (e.g.. Dekker & Buurma 1g9O). programs
Ine lmponance ot co €ctjng and ldentiflcation can b€ highty etrscUve. Th€r.such a campaign was dernonslraled in Donmark whera the psrcentage ol

l,lj:1":."::o r:r "% to 36% in a rive-year poriod (Joensen teTB). trthal, f bkd strik€ staiis cs are to be standarotz€d lnlernallonally, muchlo bo dono, espocially In th6 ti6ld of lnformation and mo vation o, Dilots.
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airlield personn€|, and engineers Biologlsts should optimizo and standardizs th6ll

U""iifi""ti"" methods, adv€rtiso lhe possibilitl€s ol dittersnt ldontilicalion tschniquos'

."J i.t" tf,"i, expertise avaltable on€ possibility lo achleve InternalioMl

sianOarOization ot Id;ntilicaiion methods is centralizing identilicaiion 6xpertise {eg,

Brom & Watt€l 1990). Ths only way to €xclude unroliabl€ dala kom th€ stetistlcs h

disregarding ld6ntllicatlons don6 by non-biologists'

METHODS FOR IDENTIFYING BIRD REMAINS

In rec€nt years, th€ search lor diagnoslic characters that mighl b6 used lor id€ntllicalion

furpo"e" 'has be€n intensi l ied (Brom 1991, and r€lBrenc6s thor€in) Apad l 'o i l

ii"iirln"w uio"r,"ti*l studies ol blood and ll€sh r€malns (e g ' ds Bont ot al 1986)'

altention ;es be€n locused on tho identilication ot lealhers and leath€r lragmonls Tho

.o"r itpon"nt ,"""on tor this choice is a practical one: When blood or llosh remainsa&

avai lablelolexaminal ion,usual ly lealh€rsareaswel l 'butconvslsely ' t€athersa€ol l€n
lound wilhout any trac6 ol blood orllesh.

blochsmlcal sludlss
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wheroas In others
poriods of th€ y€a
belwq€n specles ar
skyla* wlth h€rring

TABIE 3. Age chssos r
(runlde srrlkes lrEludo(

Macroscoplcal compsrlson ot tealhers
Th€ tradi{;nally lsed and mosl straighlloflard way ol leather idenlilication ls lhal

comparing unknown leath€rs wilh a rslersnce colleclion Evidontly' th€ resulls sl

OepenO Jn te condition ol lhe bird romains Provld€d that th:.":rnll":.:l:

enough and conlain characteristic teathers, identilication rat€s ar€ high at all

levels (Table 2).

TABLE 2. ldenlltication resulls oblained bv macroscoptcat oxanlnatlon {numbor ol blrd r6malfi b3d

100%; small samptes wer€ omitled lemlhese tesuns)

count' y/o.seienodpdiod

Estonia 195rt988 (she.salin 1990)

Nclhcrlands 196019, (Brcm 1988)

Arstolia 1982 (D.vidson 1984)
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The main disadvantago ol lhis method is lhe {act lhat minulo r€malns canr

identilied macroscopically, and, henco, lhal a large proportion ol bhd remahs ao

discard€d, either during collecling or id€ntilication'

Ths aclvantage ol the macroscopical m€lhod ls that in many casss a dlstindion

age classes can be made, which ls necessary lo enable establlshing wh'lher

atual)

wltl
{ly

birds are more likely to causo an accident than adulls N€ilher mlcroscopical
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biochomical sludios havo yietdsd diagnostjc ag€ charactsrs, thus confining inlormation
0nlho bkd's age exclusively to macroscopical crilsria. lt should be realizod lhal for some
spocies hardly any dirterenc6s in plumage exjsl betw€on luvenil€ and older birds,
{hoGas irt olhors lhes6 diff€rences are quit€ pronouncod, at toast durlng cortain
porlods of lho year. Dillerences in ihe availability of macroscopical age characlers
bslween spocies ar€ clearty rgflected by ths agos assignment in Table 3 (compar€ e.g.,
skylark with h€rring gu ).

TrBLE 3. &6 classos ol15 brd speclas most rr€qu€nly €noount€rcd In teather rsmatns rrom btd sidkos
{irlllds sltiles Inctud€d). LM €ramtnalton combtnod wtth mao,oscoptcal compartsons. 1960_1990.

plc ldenllllcetlon In comblna[on wlth macroscoptcat compartsons
lio search lor new diagnoslic characlers slill continues (e.g., Dyck 1990,

1990, Frank & Brom: this m€6ting), downy barbs hav€ bgen found lo sxhlbit,propnal€ leather slructures tor id€ntitication purposos (Arom 1991). The$a| downy bsrbs ar€ most trequen y lound in ongines or on aircratt, ls ol
ce l0lhe deciston lhal id6nlitication procoduros should be based on ihe
sludy ol lhek structurss. When pennaceous leathers arg availabts for

_downy 
barbs are usually prssenl as wolt, but conversely, downy remainsno-wrthout any..trace of p€nnaceous slruclur€s. Appar€nlly, downy barbs

6l
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t0 ailclall lhan p€nnaceous on€s.
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FIGURE 1. c|apr

The r€sults that can b€ obtalned wilh tho mlcroscoplc Inv€stlgation ol teath€r r€malnsil
comblnatlon wlth macroscoplcal compadsons are lllustralod by the evaluatlon ol lho
results in tho Noih€rlands in the period 1960- '1S90. At th€ Zoological  Museun
Amsterdam (ZMA), 83 specles ol bkds'have been idenlilied ln thls p€riod (nins ot whldr
originated lrom collisions with civil akcrall outsid€ Europ6), belonglng to 28lamlli€sand
12 orders (Table 5). Although In every case (N= 21gl) bird stdk€s colld bo conlirn€dby
th€ pressnce of lealher malerial In lh€ samples, it was impossible to givo a moo
accurale identilicatlon than 'Bkd'in 4% (N= 82) of all casos. Th€ resulls alg giv€n {0
Table 4 and Flg. 1.

1ABLE 4. ld€nllllcallon rosulls classltl€d per laron. LM €xamlnation combln€d wlth hacrcsclpld
companens, rs60r990.

clN 2l8l 100
drt ?a99 96 100
r.nify t5l7 70 72 100
sous r32O 61 63 87 t00

55 57

1991), t t  i
rmer anal

When lhe r€sulls ol lhs macroscopical identilicatlon (Iabts 2) ar€ compar€d with
oI Tablo 4, ll would appoarthat thg microscopic msthod do6s not lead to an increasg
idenlilication rales al ths taxonomlc categorios b€low the order level (Tablg 4, Fl0.

r|tls so
ot rEma

aftr the
rvilh

blrds In
1960-tr

However, in Table 4 minuscule f€ather remains have also been jnctuded,
these have probably been discarded in macrcscopical examinalions.
Ths speci€s mosl trequ€nlly repr€s€ntsd is lhs swift (Tabte 3), which accounts lor
ol the lotal numb€r ol investigat€d bkd st kes in th€ period 1960-1990. AlthouOh
bird ls only present in norlhweslern Europe lrom mid Aprit to earty Soptemb€r
earliest collision was on 24 April, the lalest on 5 Sept€mber, bul 9t% ot all
occurred in th€ p€riod May-July), it accounts tor 260/o of all identltications to
level. In the idsntllications to family levet, th6 Apodidae also score hlghest wjth
followod by lhe gulls and terns (Laridae/Sternidae) with 18%. Al tho oder lovol,
Pass€rilo.mos score hlgh€st with 41%, tottow€d by the Charactr formes wtth 25%.

These results are in strong contrast with other analyses. In rnany cornparable data
coll€cled eilher trom lh€ same geographical ar€a or world-wide, boih
swills are repr€sented by insignilicantly smetl numb€rs. In the analysis ol
ingoslions (N= 638) thal occurred wodd-wide In lhe period 1981-1983, tho
lound oniy onc€ (Frings 1984) wh€feas ln the bird strikes reported to civilal,cnlt

In.lud€d 6'. only rho.6 '.mr'nr rh.r havo b€6n '€.6rv6d by rh. ZMA wh€tsaq al'd'mrret 29r ot tf,iordd
r.m.inr 13 lh. Esun ol br'd *,k'5 Blh civita{uatr. Th6r6to6 rh. d5l. pr.esnrad In rh. Tat e.3-5 drrid
Inl..pr.r€d .s .^ adEro pictur€ ot rh€ btd 3rik. sr.lisliB ot th6 Rovat N{jfi€rhnds Atr ior6,
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|IGUFE 1, Gaphtc r6pBs€nta on ol Iho td€nliflca on rosulG grwn ln Tabte 4.

\0 1991), il lormed less than 1% ol the total numb6r {N- 4777) ol reporfed casos. In
,!orm!r anaiysts, a similar discropancy may be oossrved at the l€vsl o, orders:'rms score only 7y" ot ihe ldentified remains (N= g22) whlch is 4% of ths totalol,ren|alns (Fings 1984). Theoretica y, the hlgh number of slrik€s with swiltslblds in 

,north-wast€rn Europ€ might be caus€d by a htghor poputaflon densityDlrds^in lhis region than in other parts ol the worlcl. However, compadsons of thi
: : l ; t t t t  :"0. 

1978.1990 have ctearty demonsrratoct rhar rhes€ htghsrar€_lh€ rosult ot the introduction ot th€ microscopic oxamina on ot leathel inn $lh a more conscientious search tor even lhe small€st lsalher ,ragments

::yljl^e::j": 
leTB on, a drasric shit rowads sma or btds took prlce. Arl€v61, th€det€ction ot songui,o" in"r"al r.,n Jz.;;.;;:;,;;;T ffi.;,.nl spocres bvel. swifts increassd lrom 1t% in t 960-1977 to 26yo in 1978-

:,ltt"1d.|"" b€€n observsd In the United Klngdom whsro incid€nts
f-:: i"l9!1"9 150 s or tess increased trom 9% In 1968 ro 30% in 1976'uur N/ /r. I rnay lhoretor€ sat€ly be assumed that small bhds ars undsrln,blrd shik€ statistcs (sse ","o "'f"oi ir"of, and that mjeroscoptc

ijllY:T:ll. 
o"*: r6xa rhat rsmain hidoen In rhe rrish percen6eln 

,rnany 
data s€rs whtch are o*"0 Jr"i"lii - T;ffi;'";
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Evantage ol lhs mtcroscoptcat method ls lhai lt usualty a owslhofigh€r taxonomlc categorles onty. Alhough some authors ctaim Iosuacssstully at ths sp€des l€vet, ths ;fierences b€lwoen ctos€ly relatgdspodally, bstwo€n spscios are so small lhat conslructhg a k6y at this lev€l
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Th€ identillcatlon ral€s vary consldsrably among diflerent ordors (Tablg 5)' dl]o

laxonomic and biogeographical reasons' Therelore' the ldenlilication , 
r'sutt.

clssitieO per taxonomtc;at€gory Fabl€ 4, Flg' 1) should not bo Intorprotod too n{

* r."t ".""", once the orJer lo which th€ bird bolongs has b€6n sstablisho4

teads to the ld€ntllication at a low€r taxonomlcal lsvel' either because tho ordor

monotypic or bocaus€ only a singl€ ropr€s€ntative ot that order is to,b€ €xp€ct€d li

ledain iegion. Duo to tho characforlstic toather slructure ol th€ Apodilormos' tho

lan easit/be identitied, even in the smallest r€mains ln oth€r order6' In parliculatl

tho sonqblrds, the delerminatlon ol 'Passerifomes' sllll l€av66 open many pol

species-ln several lamilies and gen€ra. This lmpli€s that lhe mlcroscopic fi61n00

Foa rouline purp
mlcroslruclur€ of
wlth the use ol a

aiso Inaoduce a blas in bld stiks stalistics, In particular In favou' ol tara whlch lo bo consldar€d

characledslic lealh€r strudures.

TABLE 5. ldonliilcatlon rosuts wllhin lh€ o.d€6 rnost lr€qu€ntly €ncoud"ed' LM otamlnabn

wilh macroscoPlcal corPa sons, 1960_ 1990

in thg past.

lvo englnss

Accipiti Ansi A!.di CtEsdni Coluhbi Fildi G'[i Psei

N  %  N  A  N  S  N  %  N  %  N  *  N  * � N I

drE 80 IOO 59 l0O 3O9 l0o 523 lm 201 IOO 2E 100 24 lm Eg U'

rsi'y 80 1oo 59 IOO 309 IOO '�143 85 2Ol IOO 2a r@ ta 7& 757 4Z

s6s 69 86 35 59 309 r0O 384 ?3 128 63 2E IOO 2,| rm 330 38

th€ actur
thl6 ls ol

by microscoplc €x

) Most l€alhers c
in subseqr

Frcm the micl
s be conclur

Even mlnutq le

blrd sldke
that larger !

Blochemlcal anslysls ol feather remalns

). In lhls \i,ey

bo dlstln!

that b

ng
t o a m (
:'and, hr

In recent days, €lectrophoresis has b€come a roliable and rspeatable proceduc

identitication of leathsr remnanls trom any source (Ouell€t & van Zyll de Jo[d

Within the family La dae, a group ol birds frequenlly involved in bkd stikos'

speci€s ol gulls could be distinguished., whereas lillls individual' soxual'

varialion was lound, Thus, it se€ms lhal k€ralin €l€ctrophoresls i5 tha only lt

presenlly available lhat allows ideniificatlon to species l€v6l' Thl6 molhod

aoDlied once the identilication ol downy barbs has lod to the group to whlch

bslonged. Since biochemical lechniques ar€ morc llme-consumlng lhan mlcrc

invesligations, lh€y should bs appli€d preferably in special casgs' sucn

inv€stigatlons ot accidents or lh€ analysls ol a noioriously problematlc group'

C  ON C LUSIO N

ldontification melhods which may be applied in bird slrike analysls aro:

a) macoscopical compadsons ol complol€ toathers to reler€ncs collgqllons'

b) microscopic examinations ol sttuclurss in dill€rcnl parts ot lhe l€athor'

c) biochemical investigalions of leathsr proleins.

lor
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l6rs (Ta! l€ 5),  duc to
Jnl i i ical ion resul is as
inlGrpr€leC loo rigidly.

beon €stabl ishe<i,  lh is
b€causo lho ord3r is
js lo b€ €xp€ct€cl in a
Apodilormes, iho swill
ers, !n pailicular thal o,
; Dpgn msn'.r potential
crosccpic method may
ol laxa u,hich possgss

LM eramlnalion conbin€d

For roul ine purposes ihe mosl €t t€ci ive rnsthod at prssent ls th0 study of lh€
mrcroslrLrciure.jl dorrfly barbs with tighf and scanning stoctro"i microscopy combinoC
vlh lho usa ol a retorence colleclion ot bird skins. Th6 advantages oi th? identjficaiion
by mcroscopic examjnalion ct dov/ny barbs ar€ fivo-fojdj

l lMosl l€alhefs can be €asi iy assignscl  to the order or famity lo v, /hich the bird betongs.
Nence, in sirbsequgni macroscopical oxaminaljons onty a tiniiioC numbsr ot iaxa neccts
i0 be consid€red and the idenilli3alion proaess js ther€loio ,.iLrch iess iintg,consumitg
lhan in the past.

2) From lho microscopicat ;nvesl igat ion ot serapings col iocied i rom ongines i t  can
a[vays be concluded unambiguously whelh,]r ieather remains aro preseni. ,n ihis way,
o-oreclve engi|es may be di,/jd-"cl into those c,,\,lng ic oititer irirC slrikes or mecbanical

3lEv€n mlnule leaiiror rereir.s iisuaiiy p;cvidri i,tcflni:tir],.i irt leriii :o ci.tef ie.ir.t.

i l .^: ,  :  
, " .  .  ,  "  anrty. is i :  r  v - . .  Lsei . t  r i  :  i  : . .  sr !c, . . r  . . . -1. .  .  L.  i r .  :s I  t rr  !  )nc;

; : : : . ' Y l , ' : , " '  
s p o  o s  r -  i c \ - p r n o - ' o  o .  , , , r o , h " , b u y  r ,  .  . i  u : r ^ :  \ F , o n .: Y  r  r r l s  u - v  e n  i f i d i r  . r i o .  o . r . c . . / . : . 1 t i . . , . r . . . J h , . : . . ^ ) , \ L  r r i a i l ' , J  a i r  t :  . . 1 1 , '

(noMng the actuai sp€cies Invotved. Sii.c w.j.J|i js :j k,.r7 ,acirr jn ihs 6nrlysjs cl bn;1 ' L B s . h s , s o i  J . F  i n J o a . '  . . , : - . r . , , .  |  , ,  , .  " .  i , . : a . , . , . : m . . .  . . o r , . .  . J n
' " a s 0 e d s l n o u ! ! ( ?  i o '  s i  / r  s . i , . l  ! , . .  r , ,  . ; i ,  r : , . r  ! . . . , . , 1  : : r s , i r  c . , J n  c . . n  ,  Jmade belw€on ducks, goose, and swans in 1'rc Inmity Aralidea (t-torion 1990).

5)Pr0' i lded thal  biolosisis ctea.ty in. j icai6 tho possrgr i t i iss oi . ,hai f  iJeir l i t icat ion €xpedjseano denronslral€ thal  smal l  rern:r ins shoLt ld i rg l reate.;  a: t  s0r iously as oasi ly' ' ( o ! l ' T a b e o r e s , l l - e r i c r o - c 9 p i , , c l i r l t . . l . o . t m c , t . o o I n . r . t : 1 - . i - , ) 3 . t i v c : e d d - b i L L

' .L,r^(al ,ecrrrg ej ,o4s byar, i"rd nlrscrnr l .  t \9,4.roducJion cl  m:croscop c ,  ,chotsdv eaol0 a f fo_€ conscanf i , lus sp..rc l i  ;cr  th€so smatl  lealhs. l ,agmenls bj /  a;r teldp".rsonnel, and, hence, lo an increase ol lhe numbor 4l coljecled romains.

l l : , : : . : . ' :  : ' : ' " : l l ' )  
.  y coFrparaL,tc b,ra st  rs stat isr ics is oDv;ous, bur". ,udoza[on otdent i . icst ion resuh5 can only bo achieveo i l  thg need lor coope;alroniasbeen mado cl€ar lo aviation authorilies an; protessjonal bjologjsls.
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24 t00
24 1EJ
24 100

859 100
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330 38
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iabl€ procedure lor lho
rn Zyl l  de Jong 1990).
in bird skikes, seven

iduai,  sexual,  or ago
i is lhe only technique
Thjs rnolhod may b€
roup to which th€ bird
hg ihan rnicroscopical

casas, such as the
iratlc group.
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