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ABSTRACT

laxonomic disl ibul ion ol thick€ned and/or pronged hamuli (hooklels) on distal
les in the ponnaceous part o1 teathers was sludied with light microscopy (LM) and
ning eleclron microscopy (SEM) in order to assess lh€ diagnostic significance of

slluclurcs. Comparison of the LN4 and SEL4 appearance of ihese structures
that thickened hamuli are anifacts, arising trom the misinlerpretation of rotated
slructures. Pronged hamuli, on the contrary, are non-artifacts. However, these

res nav€ a much wider taxonomic distribulion than was reoorled bv earlier
and prongs do not seem lo be uselul for identifying fealher lragmenls.

i  loalh€r structuro, SEI\,,  pennaceous barbs, hamuli,  prongs, diagnosiic
signilicance of lealher slruclures
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er (1965: fig. 14) suggested that "pronglets' on the hamuli ot llight-fealhers

ish the mourning dove Zenaidura macroun ltom the passsnger plgeon

r studied migratotia, but h€ considered the thick€ning of the proximal-mosl hamuli

ltrlbution
d.

90 ,  199 ot all Columbilormes (Fig. 1)

1. Schernalical drawlng ot prongsd and thlckened hamulus In lllght_toath€r ot mo-"-1T.99Y." '
' 
;;;;e;;; ';;;;";t(,e4,awn r-rom Mosstnser ls65)i h = hamurus p - pronss' v - vsmtar roon'

summary, aloremenlioned l ight microscopy(LM) siudies have reponed thickened
ducks, swans, Pigeons, Parrots' anopronged hamuli in albatrosses, petrsls,

eing the - som€times contradiclory _ d€scriptions ol pronged and/or lhick€ned

li and the fragmontary known taxonomic distribulion of th€se slruetur€s' it is

ihat the occurrence of th6se struclures needs to be studied in g'eater detail'

hl lhese struclures be characieristic of ths Columbitormes (cf. Messinger 1965)' this

nding would have diagnostic significance.

and doves are notofiously dangerous wiih regard to llight safety and consttule

maiorcategory in bird strike statislics (€.g., Brom 1984, 1988) Whon idenlilying leaiher

ds (ostri
mo may
r887).
(Sick 1
i by loc

rface ol
rscha 1
rmm-D
bumps'
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eso
nc9,

t e a l
r diagn

lsathers is commonly used (e.g., Reaney et al. 1978, Laybourns 1984' Brom 1986)
t, 72t, 7 columbids have highly characteristic downy barbules (Messinger 1965: 214' Brom
doves, but in case downy barbs aro nol availabl€ for examinalion, fragmonts ol pigeon
no may b€ morg dillicult to identity. Since th€ early publications by Mascha (1905)
I alb Chandl€r (1916), hardly any studies hav€ besn d€dicated to the morphology ol lhe

acEous pad ol leathsrs {cl. Dyck '1985). Th€refore, diagnostic charactsrs found in
pad would lacilitale th€ identilication by providing an additional and ind€pendent

I Sgt,

6d over
did not

) r  1916 :
, ho did

ta livia,
rr taxa (

alter collisions beiween birds and aircratt, ihe microstructu.e of the downy part

prss€nt study, lor the lirst lim€ the morphology and laxonomic dislributlon of

and/or ihick€nsd hamuli is examined wiih scanning eleclron microscopy
and compadsons are made with LM observations.
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INTRODUCTION

Rocenltv, severat characredsrics in the microcrn,,.r,,, ^..^-..- . ii liil 
tJtt"";il;,

r:1?:ilT: *:1,hi;;i11 j{# jqfi :::"t*ff il],:iil;t,flffi :ffi ;anotherptirorosicarch";#,H,|"j""J jff;1ffi"#.,lll::Tf;.::r0,,t". 1 _sch€marica,dra
H a m U | i ( o r h o o k | e t s ) a r o o n c o u n t o | e d i n a t | r v i . . r . - ^ ^ . . . . . . . � � � � � �
rhea' emu, cassowary, "",,-r""i -"i,illl'il]ian 

taxa oxcepl the ralite birds (osr
consioereo basic componen;';; ;il:l::'" 

a looso reather toxru.e - ancr m.
are locat.d on rhe r'v;"" ";;;;il':,l:lTkrns, 

svstem or rEalhors (wray 1887).'
Fig l and 4) "no """,nort"1l-,i'" .,r"ifll' -o"1ou'"" ot o"nnaceous ba'os (sick 1L

i,'"".'1".:"#ffi'.lilnt*11,'F,',T:[Jn:ffi'i"1,i:ilffi"'i.lT (
In several taxa, thlckened and pronoed
mroore portion of the hem,,ri ..,*,^, ;.,. l:oi""t'on" 

occur on the dorsal surfaceil1i':J,:l;"""J'ff 1"";1l jyiL1;T":";."*}J;:il"?1"'li,,#['#:
[::liJ:;:""::i"j::-r"n""o[.i,",*ni'.liffi #ffi "":,:.::fli"i.,ij':l.,lli,; .lI"'",il;;";;;;';.fi:T:;::"ffi l"llli;'[_i': fiffi :, ",:,::'1::]ij:1;;; ;?"111;1",lll"t?illfi ll#:"lt"ff :J1,"::"Jy*:: j::xrs::lT::1fi "J:#',',H;
rncrease rhe cohesiven""" ",,iJ,#Jii"ij ffi:ffi

,'":'Jiili;:nffi :H:ff ::"Hi:::TTl,::itJJi:T:i,llfi :;H:
ffi ili,,1,'"'i;.:i"iff ,":."i;,:,:,:!"#:::lJ: lilI""}';'#::,:il11L
*#lt"t"jJ,ffi iliiil;tT::X:*i:"'",,.rJ##ii? j"l
;:##.:;:Ifj*Tfr ::,:,ili j",t""".#,h:nlr#f Tffj:,.a,:,*"1:;f"*"*:,*ffi ti;l;#i::r##,xi;,"","x
#r",?.y"""*'*r*""^^1"i"#Hl#.H#:1":'f'::":,:if :.1
:i":]1:",32s) depided pronsed hamul in the

mmary, aforementl
pronged hamuli

sldEring ths - somet
ull and th€ fragmer

that ths occurel
lhesg structures b€
would havg diagni

ns anct doves are nr
category h bird st
after collisions b(

ls commonly r
bids have highl
ih case oowni

be mor? ditfi
(1916), h.i4

part of teatht
ld facilitats t

study, for;
r thlckeiid(

1937: 366).
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MATERIAL AND METHODS iSULTS

Feath€rs (mo$ty body{eathers) wer€l":,',:':n,l,ri**r::";;l*ffiffi*#fi i:##'''Iffif il'jil,:,, ;ffi t*#t
l':T:,.:H:ffiil f iifl:iH;H::l^:r srip,,which were s'ldl*",i"ii,"*nu"o, *ere 'ound ro b€
ffit';fJ:iji;"rff,a;fi1*fljfj:iili]ijllt"i:,:e:d;XH:3fi:l*," numb.r.rpr.nssva
aluminium srubs ̂6 ilil:",'#;-tlt":-:ot. 

t5t , lhe barbs were mount6!th6ir srrucrure and {req
and oxamined *,,n "" ll, o"' ,".i'T^:_:?:t"d."ith 

gotd-pa adium ror 2_3 miru a sinste bird and betr
accererarins vorrase s k",;;";;, il;::";;Tn''"'f",'on 

t'",o."00" (borrom shmb6r or pronss per hal

fi:ff;:tlH,Jl#ls 
species wor€ examined (sequonco rorows crassircarioi 

e pronss varied (coml

T'lnamff-'ommes: Tinamidao: solilary linamou nnanus solitaius. ll variations mentione

;;:ffilHff"; Tfi::lll;illlff:,,"."". ":^", n," o;)"n ,,i". ,rrasp€ciricanv, tha, nei,h

:-"'':"i::#i:f:";;'ffffi"T:"?':::x:::;:::::::::"n"o*,;iijlj"[n"i,,l"J,"lf:
:::,1,::';'Jnfi::i:ffi:;:"^i1l;i,,;,"^ ch,vsaetos. rpe-,ike structure ensure,

;::r::: !: j: ;j:n k.$i#,1!:"Yi"irf 
" 
;: ::: :'::::":J :,N^ii:il,ii,ffi'."f ::,

",,.ff1TT;:::ilii:11g*i[;:;:i:i;,:::H:^i;lH;:p:;::,":_:;_,lxlilil,,li",iilii;"""'l;;1"1,:i:;::l3#{^ffft 
{#:[F:^:li:"tx;:."-"J?fi :;-:"""*,-","

n ̂,,. J,!:!u no u ", ":no,,,",,;;; ;;;;:;,;#; i it!!i, !i;Ii,TXI;n:.i::::: L:,_f "ff::""'ill#l+i'd1."' 
"1l:;H:ji;"',-,-"i;',:�:ix"Six:r#ir':ronv€rse,v,ac,ua,pronss

ptgeon c. parumbus, utr".l"it"o iro"a.r .ri",^','^,,pt,scon-cotumba livia, \

ffl::: l:::: ;:jJ:i!:ffi"": itTl'::".i"" Ttli "i!.i!!i: flllfff
t'-"T#;;,#;"'iii.*i,:::",*y::ror 

Aris.terus amboine,"i", r,y""in,n ,,$EGF ldlg?lp,.".,-1*"""",,{:::::';::i;:::H:,:,1:fr:!:,i::::':i:!lli!llTii;#'"'^ '1ffi;$$jliiiEj"il}i
.,.,_,,1_"1:*-girl"d ","r";;;;;r;;Zi;Z;:::::' Kraas's cuckoo chrls*,-,o{llulf ' Y3[:Fffi"-"i'*st'rsi';"., ffi,d"il";:#(, ;;::,::**" 

' -----" '"p,ou". 
u :fij#gl":lllSpasseriformes: corvida ", ̂ r;;';;;;:';r". ft,ou*. u."!St;1f3,"lill

[l'rl:'t"o,onr 
ot t""ther structures rorows chandrer (1e16) and .r""" u .,"urrrSEJF.Eiff{diflfl]$!

undoiyhg vsnlral tor
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l o l
om

tI4,lhs middla portion ol hamuti may seem thick€n€d (cf' MgssingEr 1965: fig 14)' but

:M obseNations clearly indicated that the wid€ned or 'thicken€d' appear€Ince resuls

ESULTS

m rotation or lorsion of lhese tape-like structures (see Figs 5-9)' Pronged hamuli' in

wsre iound to b€ non-arlilacts.

numbsr of prongs varied, but w€ failed to tlnd any conslslent difler€nces wiih regard

lhek $ructur6 and fr€quency of appoarancs, both between hamuli of ditl€rent leathers

a single bird and between diflerent taxa. In one and the samo barbule, bolh the

ol prongs per hamulus (one to thre€, il pr€sent at all; Flgs 2-3) and the size ot

prongsvaded (compare, e.9., Figs. 6 and 8).

variations menlioned above occur so irr€gutarly, both interspecilically and

, thal noither functional nor taxonomic palt9rns could bs discerned

prcngs (non-artiiacts) appear at one side ot a hooklet, on the €dge of the lapetike

look like a saw-tooth, and are usually ori€ntat€d towards the hooKs apex Ths

ko slruclure €nsures that th€ relativ€ positions of the hook and tho prong, as th€y

ir in LM oreparations, are not fixed, du€ to tho possible rotation (Messinger's

around the length axis. In LM preparations, prongs may seern to occur at

oi th€ hamuli, but SEM examinations (e.g., Fig. 5) show that this condition is

to thE'lhickenlng' of hamuli: Ths direction oi rotation doterrninos wheiher

appqars at the dorsal or at th€ venlral €dge.

artiiacts may rssgmble prongsi SEM examination rev€al€d that thes€ may

dillsreni ways: lt otten happens, lor instance, that a ventral toolh, which li€s

hooklqt, gives the impression ol being a prong on lhis hooklel (Fig 9);

aclualprongs may look like a ventraltooth (Fig. 6).

of blue-lailed imperial pbeon - Ducula concinna. Ofllercr'!. numbels ol prongs on
ollhs 6ams badrlo (LM, appr.1000 x).

il5ill$;ffii:"t-t3llL *-os, disrarbarbutes with ponsed hamJii (sEM, scare Dar

li5ll; ol black.bsffied sandq nl'rse - sytt'taptes otientatis'du€ lo otalbn ' prcng app€adng
al rid6 ol hamulus {SEM, s.ale bar = 4.4 pm).
ioathoaol;uckoo . c. canorus; prond€d hamuli of which upper prcng s€ams lo bo

vontralloolh. but In tact ls a lrus prcno (SEM. scale bar. 4.6 um)
herol oheasant - Phasr'anus colcnrirrs (SEM, scal6 bar = 8 7 um)

ol rdven . Corws corax (SEM, scat€ bal = 6.0 Im).
ol oysterc3lcher - Hael1abpus oslraiegut tiuo pronO at lhe lelt, artilact - due lo

v€ntallooth - al lhe dght (sEM, scalo bar = 5.7 gm).

lng
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toN

rrence ol pronged hamuli corrgsponos w€ll with Sick's (1937) lindings'

in. .0",""'""i'',"*"r occurrence ol pronsed 1"11'-1'::1: :::::":t*
;jf ;fi"#;;-tt,Jllsrui'no p"im"r uarbures as was suss€sted bv

i,toi in o""o, rrr-e observation or pronsed t?1Y,T^'l-:l :Ti"::::"::
-ii;: il;;r;i;; i""-"oi *" diasnostic srsniricance as inrerred. bv

:i,il;. ;"*; ;;;;oerv uut irresutaav oi*'*l:l i:1t:.:::::: l'r::
ffi;ffi'il";;a ;o" oo""ti'on" have be€n mads proposins that

il;;;;";"; ;t, ar€ ol possible taxonomic sonilicance Howev€r'

iil;;;;il ;;;;; tott'E basic reath€r structure rh€se srructures have

u"lnomi" Oi"triuutlon tftan was reported by earlier workers and' theroJoJe'

nl.. " * """it ", id€ntilying l€ather fragments one may speculate

in tt" "uorrrion",y history ot leathers ihey may have O"]":.t T."^::
."i,i"i *", .* ** occurred in greater numbers' but thal in extant

ctur€s might be in the process ol becoming reduceo'
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