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ABSTRACT

Drfferenr reI-hods offearher ideiificlrion arc dis.!sed a.d evxtLr.rea. $.ir .smacrosrct icr t  compa. iso.  \ r i rh  b i .d  s t j is ,  I ighr  n i . roscof l  f t_ t r11.  r . . lscomnr c lecron ncroscor !  (Sl ]M).  Severa]  .e t r  rechnnlLres &e d,5cLr .d
ph'cl mjghr be apttred in lhe future, such ar
biochenca, haivs,; of ren*;-;;;;.,,:::lT:H::li#:.:'.

The.esl l rs  ob[ j .ed rn bud sdtc anj t )s is  h rhe Ne(her t r ids errn Lt1rnresr i tar ion of  fe ! rhers and fearher  f .agD,crrs rn comb,.ar ,on $1rhcomparnons wir t r  b i rd sk ins a.e evaluared.  96% o,  eI  .xaDr i icd f .3rh-rcnrains (n=165r) could be essigncd to order, 71% ro f!tu1r, 6.1./i ro !..r.j.and 5E7. ro spedes. Th€ Snifr accoonrs ib.24q. ofalt ideohficaums rr s;$rsrevel. Ar fannl) tevct, dre Apodjdae also score highcsr wirh 199., foiloq.ed .r!
- _ r r .  r n d  r e h . r L a d a e  &  S r " n r d , - ,  r r r n  6  A r  " , " . , , " , _ , , .
Passenlomres sctre highesr w,d40%, foUo*,ed .y Lhe Chda&iifomres $1rh
261 .
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INTRODLJCTlO}-

Co isions ber{een btrds and a;cnfr consdrure
a major tiobicm to flighr safcry. Especii)uy

dunng lhe hst decade the rodon hrs becone
sidcly accepred rhrrd adequale assessDenrof
this problem by keepjng accdrate birJ srri|e
slatisdcs js indispensable for r*ing rhe mosi
a p p r o p . r a r e  p r e v e n r i v e  n . a s u r . s .
Consequenr l l ,  rhe search for  d jaEiosr ic
chucrers whl.h can be used ro identfy fose
specrcs hosr  f iequendv rnvolveC, has b.e i
rnlens'Iied. Besides !relitunary brochenx.al
s l rdres on the .nalys is  of  b lood ! .d  f tesh

rens 'ns le  ! . ,  ce B.r r  er  a1.  1986),  axeroo.
hrs i ieen io .ussed on rhe id .n! f i . ! . : . ,n  of
le3rh.s !nd f.trlhe. fiagdr.D15

At s .ve.a l  mc.r ,ngs of  rhe &rd Sr i re
Conorr( .e l l ! ro !c  ( I ISCE),  re ihcds o i
'dcrr i f ica: ion have been l resc: leJ ! rd
ev3lu l red,  l rd ,  esDecir l ly ,  x f ter  rh.  tonxr ton
.f r Sub-soujr on I:earher ldeiiilcar,.i *iri:ji

rhe , \nal ls is  \ \ 'o .k ine Cr.ut  ot  ESCt: .
tu-oscopr. 'denllic!rio. oi fca re.s hrs beer

The a jn o l  rh is  paper is  ro presenr ! i
oveniew ofrhe mcdrods curcnrh u\ed and rL)
d lscuss sorne of  rhe r .sut ls  f rom l l rc
Netherlands Frrrho, ihe narc of rhe ;n 1s
evallaed for some rechniques which n,ghr be
applied to feadrer idendncalion in rhe furue.

E\ 'ALTI , , \T]ON OF \ lETHODS OF
FEATHER IDENTIF'IC-\TION

Macroscolical comparison of teedters

Tne Eidjrjonally used ard liosr smple $a) oi
fearher  id .nr f i .  lon is  rhrr  of  conrp&i .q

unhown fealnen widr areference collcctioi

In  ordcr  lo  be rb lc  ro d. rcnni ie  ehedrcr
younger {and lherefore less exren.n.ed) btrds
, r re more lccrdenl- l rone rh! r . , iu l t \ .  i l
d i r r rnc l ion bers.c. .Se c lasses i r  iecd.d,n
i r , rd sr ike s l rn! r lcs.  Si . .e  io  dr . !no!hc
ch5icrers ee found in dr. mic.or..lh.i!:rr

of  fe3lhers l ,y  * .h ich ju \cnj ic  ! id  ! iL : l r  b i ;d !
co bc Cisnngusl,ed. lil info:.rricf o. rtr. r.r.
o l th .  b i rd d.pc.ds on nacros. . t !L31. i rnr .

ud l : . r : .c  on ihc s ize ar l .ondr ,o i . l | r .  h i !1
.endrr evnjirble fo.exmimu.n (!.. trrlc ll
Fo.  sonr .  s tec ies hddl )  an!  i , f tcr .n. .s  t l

I ) r !Drasc cx 'n berseei  l ! !cnr ie : id  otd. ,
r i , rds,  r i rcreas i i  or i : . rs  rhese d- f ic : . r . .s . r .
q ! i re proro! .ced.  ar  i . !sr  d! r r : :  ( . . rx . i

ldcniiilcation wilh lighl-micro-rcof v

r'l-Nf)

In  the \e lher lands,  rhe id . r r , f i .ar io .  ot
fealhe( wi$ ljghamicros.oty sri,.1.d in l9lt
Based on rhe $ork of  Chrndler  (1916) hd
Day (1966),  an ex lensive L l , l  srudy of  the
snucture of dow.y barbules oi bodv fearhers
eas per formed,  .eference col l .cr io is
consisring of mrcroscopical pret!runons dd
LM phorographs were compiled, ud a nrerhod

$as devetoped 1

{ r l .on 1930,  196(
be ea$ll assigned

to rhe iinily) (

Messinser 1965) I
the species levet
closelv reiated fm

are so sml l l rhar  cc
is  nor  fe.s 'b le.  Al
idenr i f icd widr  rh
(  I986)  jn  comblna
Lhe rcierci.e coUec

shns.  I i  case one
LI I  phorog'aDhs,

trfurlcd rcco.di.l

daf ged to sinjirlr

b .n Isc . f  rh is  dd
ir. nosr srrisflcrot
hrs sudr  of fc ! ih .n

SD.c 19/-S.  LI f  i i
] : : . oDF j . J l ' o .  t r  j : ]

r ) i5  t , . . r . ) ] r t i .d  rs
efl..r of ile r.roCL
e\ :m.a! .n ot  lead

feader li3tDenls by
oec.  drscussed on
B.onr  & BuLme I
1979,  Buuma I9E3)
smarrer 3nd darker b
re!e i .  th .  deecdon o
frorn 97.  i i  1960 19,
At species levet, swifr



q 3 .  J . \ c l  p e d  j  r  i d e r  f ! J . , o i  p . T u r e .
(B.oo 19E0, 1986) Mosr fealher remains ca.
be easity assjg.ed to rhe order (and somerimcs
ro rbe falrity) ro which rhe bnd belongs.
Al rhough sone aurhorc (Hargrave 1965,
Messinger t965) have worred successfLrly ar
rn€ spec'es ievet, rhe differerces berrce.
closely !e jare{t faaiiies and, especi!|r-, species

re so srnatj rhat consd.ucdng akevellhis tcvel
is  nor  fcrs ibtc .  Ar  o l r  insr ; rure,  feerhe.s re
rdenr i f ied wjrh rhe key l rescnred in B.om
(1986) r. combixaton *,idr cosriruisons qirh
Dcrefermce co|ecjon oft.etaranonr drd bird
skrns. l. case one .hoos.s for r coleclron .rf
LN. f  p lo:ogi lphs,  rwo sers o l  t r i rs .  o ie
i ra.ged rc.ont i rs  ro s tcc ies e id rh.  orher
aiafSea io sinihnry oich&!cre(. trovjd3 fe
b3i i  us.  of  rh is  a,d This sysrenj  +a5 t . !n . t  r .
o .  noj r  sr l 's facrorv by iucssln: . r  0965) in
hi sr:rd7 of fcadle6 .otecrca rt ?J.l,rcologjcal

5irc. i 9lt. I_!1 i.vcsiigai.. of 5ril rcnr3jns
, i . rF: , i r i ior  wiJr  r le  nrc( ,s .op, .  xrer i rod
l : : :s  b.en l t t t ied.s !  rour jc .  t ro.edoru Tt , r
e i l . . r  o i  rhe r . roau. ioo of  r t r .  m: : . i .or . i .
e\.nir:i!n of fc:$ers, ro!.rtrer ,,irh a m.rc
.o. jc jc i0ous serrcn f . .  even rh.  su| .sr
, .1r . .  t r rsmcnrs br-  rhe ur f ic td terson. l ,  h3s
b-n l i !ccsscd on several  occasr . r fs  (e I
bron & Blur l l ra  1979,  Buumra & B.onl
1979,  l lurDa t9E3) A drasr ic  shr f r  ro* .ards
nnaller and dffke. b;ds toot tlace. Al otue.
l.vel, t|e derecdon of!lsse.iforms increased
IroD 9?,  rn 1960 1977 ro.16n in tg l l l  t98 l
AI specres levet, swlfrs ino.ased liom I t9; in

1960 1977 ro 107.  in  1976 t9E: l  (B n)
19s,1)

Scannjng electron microscopy (SENI)

Eadier  srudies of  fcarh.rs  wirn scrDni i0
elcctron nncroscopy (Davies t970. Srcftennej!l
1976,  Reaiey er  e l .  t97t i ,  Laybouhe t9&,
Robertson er  a l .  1984,  Lysrer  1985,  BnD
i987) h! !e c lcr iy  jnd icared rhar  St I , t  ca i
co.ribure ro*dd rhe etucidario! of f ui.rioi3l.
evoldoon?ry.  and deveto!nenr! t  a jp. . rs . f
learhe.  mcromo.photoE} '  i j  s .et l  as of
laxononic a id dragnosr ic  quesl lo is .  T i :e
.ur . f r .esearch o i  rhe a! r | , r r ,  sLr ts jdued i , !
rhe Nerher la.ds Or!  , ,3r ior  for  Scrcnra: .
Rescr .ch (NfvO),  concems rh.  i rye l r is l i , .n
of  thc rht loec. . r ic  ag.r i 'car . i  o tchr :cr .s
lornC in r i .  nncrosr :u. r ! re of  iear | iA
^rrholgn rhe Fr iDi l l ,  ! . r i  o f  tSrs ar{ecr  i r  r . ,
. \ . lur :e rhc e!ot ! l lo i r ry  toh. iy  oI  r i .se
c i f fa . re:s  rn orde.  ro i5sess rh. .e i r l io .shr i \
b . rs f tn ( l ,e  t , jg te.  r r r r  . i  b i :Ci .  r r  , :  ber . r  t
c . , ,Dr  t ] r . r r  r rs .  r i rc  rdeni i .ar ion qork nr i
i ,cncr ' l r  t iJnr  rhr \  sr !dv \V:rh SLI t  r t .  e id l ie :
o.5cn5.d cr :aracrc.s ( IJrom l9t6 l  . ! r  b .
5.udied ,n J]Dc derait. lr is envisagci ri r,:en
di3:noirc cir.n.ren siU b.cooc av,rittri,i. fin
rh .  !po. .onpledon of  r .e terc i .e  col tecru i
.r s.vcr!.] rhoustuds of stjl!.l pnoro8(phs, rjl!
Iccr*n!!e caa IE Dsed as a.oudne !.GrCurc jn
il,e aiJl)!r of b;d r.majns in rire iear f!lUre



Study of the inerlal structure of fcathcr
par1s

Prelimj.ail srudrcs (e.9. Auber 1957, 1961,

Ssales 1970,  Dyck 1977,  1978) of the in temal

str1]clure of feather pans GhaJt, baJbs. rnd

barbules)  suggcsr  thal  the cel lu lar

conf ig l rar ions in  lhe Dedul la  and conex

corstitule diagnosric chuacters for ditferent

Eroups of b;ds. According to S*al.s (1970),

!r. inremal sncture ofb.rbs is cons'a.t *idin

a specres, drilcrs f.om rel ed slecies oily in

dcrail. drd tn.iudcs a banc larrem conmon !o

au spcci.s qiri.h belong !o the s3.1e fro,iy

l iowelcr ,  u . I i l  nos,s l !d ies rn th is  drrec l ,on

havc b.cr liIf,r.d tui lhe retlhs !.e far iun

suiiicie.r r,r (omtilc a rcirr'rcc colle.tior. Ar

: l i i  c .L ln l ,c  cs. i  fo .  co:nprr . , .ns s ' rh

Bioch.ni.:J r vsis of f . iAcr l-crrr irs

I  ear ieA.  t . i ,  .s .  i inr l  s l t inr  . f  i i i r i r i  . . r \ , ! r

r r r i r l )  f t  N  k e f r l i . s -  $ h i c h  r r .  h i ! h 1 )

Ngrr jzed i rd.o i r iL .x  t ror . ' r ! .  cr r .nr . l l

,nsolxbl .  nd res i l r3r : t  lo  c feo,cal ,  j r : r ls : . r ] ,

erd bro logi . r l  i lgc.$ le  g Brush 1976,  Fnse.

& \ lacRae l9 l6)  TILt  snbi l i r )  :5  dJ.  ro thc

cysreine bo.is Crar fonD sidln Crc !.orcns.

One of  th .  requi rem.. Is  of  !e l
ci.ctrophoresii b lhrr he prolci.s under studl

ic solDblc dd ir is rhe insolubility of i.rfer

proreils iL]l foins a uujor dnwba.k in kdatjn

sr ld i .s  i i r .  r .s ! l is  r re lheiefor€ of  l iNrd

value and 6uch n sr ' | l  io  be lcdned about

k.ralins ud rhe evoluiion3ry significance of

e lecfophoret ic  parerns.  work ing atont

d i f ferenr  l ines of  b iochemical  analys is ,

ODonnel l  & Ingl is  (1971) and Krox (19E0)

Fesented resLrlts which indicare rhar fcarhc.

kerat in  molecules do have considenblc

polenthi as a source of Ldonouc infomatron

The wo.k rhar has becn done so fu indicites

lhar keralins represeDt a lioup of closell

relared gene p.oducts- The reason for the ldte

numberofke.aun mononrrs lhar aie known ro

be stn 'Iesized rerui.s asuUec! of s])ecula!on
(Busch & Bnrsh 1979,  Brush l t85) .  SoDc cf

drcsc nonomc( de species sleciiic, wle.eas

orh.rs  are r issuc spec, f j .  add s.cr !  ro hc

ra.e . r  rach,s,  o. : i .  IJ ' ! :cr l ly  foNnd in rh.

r r e ! . 3 . e . u s  f o n r o n  o r  . l o q n )  f o r l r o i
(S.h.o.d. r  er  31.  195: .  l l r r3p l i  \ !ooJr

I t l6 l ,  Bd5ch & BrL,s l  1979,  Ki .g & Nluryh)

1 9 3 i )  S i n c c  a x r r  o .  r n e  a x r r o  : r c i , l

.onr tos i l - . .  o i l .xr ler !  i rc  !v . i i jb l .  f . ro . ly  !

i : tur :L l  . f  s ! . . , i i ,  l i r r ior i !  c i ,nr i r r ( .a  f r :

.c : l l  i r .  a t0 l ic .  in , , l . i r ' t i . r ' : . i  *or l i  r r t  !o i

furelysi! ofcheinical el.menls in fcildlers

F.arhcK dc conrfoscd t:inuily of c:t.bo..

nii:ogcn, oxygci. and hldroger, but about -1

do2en addidonrichericai elene.ts have b.en

iourd .tnd srill orhers arc suspecred. Iiom rhc

work of  DJelstan (  1969) ard Kelsal l  ( l9E. l l  i t

is  at lareni  lha i  i ,  sonc cxs.s dr .  chenical

...rcnr oife!L\3rs

tirc lo.rl er'iron,

! .o$n.  Si .ce i :e  c l
r3 i .s .  so roo nus
gfoqn ri diflerenr

s'r.tr rs fe::Inels, *
.losed sysrern. Ch,
froD s;ngte r!a1hen
Ihc olgus oi birds ,
rearhers rn d iscrete

!eese r !  panicDtar

rcr" - r ib tc  ro lhei r  c
InosteCSe of $e cbr

'fhe 
Derhods of ch.

havc hctuCcd ctissil
iLrsorp l lo i l  xrc  e.
d. i rn. r i \ ' .  ! .d  non ,
3rr l )  . r i  rect rJr iqrc
i ,eLr .on r . r ' r  r l r , , , ! .  . l
' l l .  

torcnrr r t  aDIr t j . ! r
rs  c \1d. . t ,  i rL t  t t ic  I
neid rcsr .d o.  a $1dc

trE:

' l le  
idenl r l ic r r in i .es!

rn rhc tetod rtrr ltlrh
ont l  mrcroscoDr i , r l i )

per iod l9(r0-  197-5,  l
remi ins (n = I  19)  cou
order, 92% ro fanity,
ro species. Hosever,
oepended on lhe skils
on rhe condition of the



1o.g

ysis ,

9E0)

f ; l

i v r

conl . r r  o i  lerd:c.s  rc f le . rs  thc cooj rosr t lc .  i l
trre locel e.\'i.onnierr in {hi.h rhe! !,er.

8rcsn_ s'..e I])e chcnjsll of groiogicxt arer:
r i re  che:n isrr )  of  r tss j . \

grown rn Cifl.re.r rrees, pani.ulany rissues
sucn $ teaLhen, whici, orrce gro*n, tumj a
cro led s)s icm. Chemrcai  pro i lcs develo lea
fmn snigie ierders rt!s D[y be dra€cosrj. .f
lie ongr:rs ofbirds s,lj,.h Douir and Erus rc*
leadres jn a-iscrele dcrs. Colori!]]y iesr:ir
geesc rn tanjcute havc been s i to t r .  ro b3
r . terxble ro rhen c. lorv oa ocsrn rhFrr :h
rxoql.d!e of rhc chenli\rn oaiearhcll

'ille 
m..bods cf.ten!.rltI rD.llzix! f3rrir.r

Sere in . luded c l ]ss. i r l  $ . r  ch.ntsry.  r r , .n .
rbrcrpooi l i la je . r j is ! .  .  and iL:nt ,e,  o l
c .sn.r i r .  lnd.or  drsntr . r :v .  nr l i r i . . i : r : . : r :
r . r lvr i . r l  r .c ln i . ! . i  in . lu i , r !  r t i .  ! ! .  , , i
r iu : funic i r3 l i . r .  c i . . !nn. . inrs ut  \  . : \ \
' l j i  

to i . r r i r i  . : :L :  i  : r . , r  , r  i : r i  s l . . r  : .  . t i . j .
, !  .L ,de.r .  5Lr  r . .  r . . i ) j  i t r ic  i r rs  \ . r  r , r  i . .
l : . - i  restc o i  r  \ r r r r  i . r . r !

i tEs L Lts

Tle rdei i f jcxron r . r r  | \  r r { ,nr  r t re N.d,cr l t !  ,1 .
!: ne t.Dlx diai i.!ri::ri.,rijls *erc..fi.irs..l
.nr '  n icros.orr . r : l ) ,  rc  as lo l lons ln  r : .1
tc : iod 19.r0- t ! r - - i ,  t0 f r . : ;  o f  dt  : r . t rcr . .
rnuns In = I  l9 l  co! ]1 t r .  . :s igD.d ro a b i rC
o er,92* ro fdniity, EE'i�' !o !e.us. !!J 7.1.i
I0  spec 'es.  Houevcr ,  rh. \e r .su l rs  s l io igty
dr!.nied on rhc s}:ills oa rhe invesagalor and
0n ne conorrLon of  lhc b i rd .eordrs.  Si [ ] tc :

fr.. r.-i:tr!\ v.r. ncgr..r.. turil rie:.i..e brrd
sr : r } : .  s le l r r i i cs  se fe  scrb t r \ t !  b r l i . r i  b \  an
. re r  r i r r . i . r . ! r jon  o f  e r r t l  rcco ! - : j i t r t , l .  b r ( l

Thc  lo i io* jnS is  a  s l iuq  . r , r i c  h r t rs l
l , f  l6 i9  l ca . t te r r . InJ ]ns  o i  b iJC r r rk .s  in  i i r l
r ,EnDr  l !a |  l9S l  A i t  r i r red t r t . i j ! .g  r r r . :  a i
p .d t j . l  L .c1 , , re  t ! rS  has  b . j  rechc . i rd  to :h
rtil.i.t(:.,;1.rlty ani !'rrh l_I,1 ij! ri. !uihoi
1!.lrd.il ar. orly those r.n3!ns rlj: hrac Iee.
. e . . r 1 e d  r r y  t t e  Z o o t . n r . . j  \ 1 0 5 . J r r .
r1mr . . f :L ! i  Sont : , r i . f  r i .  1 r  La l  i r ! : r r i : . l
J i i . J ' . s  rs  r re  rcs , , l :  o f  t i rd  i :n t : . i  ! i .h . i IL
. , r . r i f : .  I j ,T  lh .sc  re i i i r i .  r t -3  d t rn : r . i : r r . i ,n

T t r r l .  l l  s l i . J . l  io r  t .e  i ! r i : . r . : , , ,1  a i
: . t : : j . r : : i i !  t l r .  l , ! .  f r :1 . .  r . i j r r i  L : j . i : . i .
, l n \ ? .  N . : r , . i k . r l r  A i :  i . : . - :  l :  r , : . 1 .  i . l
. i ,e . r . !  . , f  l .L : ,1 \  h I r  b , . .n  : i . , r . : : . :  -  

l r i . :  , , :
r : : \ .  . r E .  ! : . f r  r . l t r j i i r r i  ! : 1 r t  r i . , t  : . , . r a :
.  ! r . ! .  I rL r . l . t .  l t l , r : r !L : r  t .  : l  t i : : i r  . \  . r : - r
l l  o ; l . L  i l r i r  r f l  r r  ! t l  . i ( r :  : r , . t  s : r : " r \
|  , .1 .  : ) .  . .n i t : : : .d  b !  r t .  f : . j . r f i  ,  :  : . .1 , . -
: j  I , : ; j  r  r i r  r l .  s . r r j f i . j ,  , , j  I  r . 3 : r \  r -  : .  ) . r
i :  r .  ( - r i . t . i : ,1  i i i . r . r r t i : ! i . . i :1 . . : : r  , . , r , .  . r : r :
. : r r t i i r t r i  L -  r _  r  l i i c r  i ' : r : r  : . n r r r s  ( ) i r i  l
.  , r . !  r i :  , . \ i ' !_ , , ' !  L . . r . l . r  I  . . t  i - r t r : , f , . i j

.  i ! :  r - r l : l r  n r .e  id , r f i r . , r .L j  r .  a3 . . . t .  t . r . , .
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