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Four stages ol feather abrasion have been delined for fully grown feathers;lhey can be recognized
in the remiges, reclrices, and primary and secondary coverts of most birds. A code is gtven for each
abrasion stage, allowing abrasion to be recorded in conventional moult formulae_ Systematic recording
ol abrasion condit ion may help establ ish when moull  occurs in species for which lew other data are
avai lable. Part ial  and arresled primary moults, siaffelmausers and slow continuous primary mou ts al l
produce distinctive patterns ol abrasion; all these types of moult need more study. Fealher abrasion
can be an lndispensable ageing guide in birds in which we have some knowledge of the moult history.

A FEATHER ABRASION
CLASSIFICATION SCHEME

Feathers undcrgo progressivc damage as thcy
are exposed to sunlight, accidental coll isions and
the forces cxcrted in fl ight. This process has been
termed abrasion* (Ginn and Melvil le 1983). The
extcnt of abrasion on a feather is related to the
time elapsed since it grew; recording abrasion can
therefore be very uscful in moult studies.

A widespread convention in moult studies is to
rccord fully grown feathers in one of two
categories. Thesc are old (0) and new (5). This
pr rc l i se  was spread by  Newron {1966) .  who found
lhe  codes  u \e fu l  when us ing  regress ion  techn iques
to analyse moult duration. Therc is much to be
learned from applying a more refined abrasion
classification.

The abrasion classification prescntcd here was
devcloped during passcrinc studies in Victoria.
Essentially the same scheme has bccn devised
independently for clucks (Braithwaitc 1971),
waders (Prater et al. 1971) and albatrosses
(Brooke 198l). Although a tew studics have
involved recognition of morc abrasion classes
(Bartle and Sagar 19137; Prevost 1983; Rasmussen
1988), a four point scale seems to be the most
rcfined that can be used consistently by different
observers. Perhaps a considerably more detailed
schenrc  cou l t l  he  based , )n  mic rosc , rp ic  examina-
tion of small feather clippings. Burtt (1986) uscd
this technrque when studying the effect of coloura-
{lon on aDraston.

Abrasion has two readily visiblc effects on
teathers. Barbs, barbules and barbicels deterior-
a te  (wear )  r l  the  edgc \  and t ips  o f  fca thers .
g iv ing  thcm a  d is r inc t i ve  f rayJd  appearancc .
Sunlight makes pigmented feathers fade with age.
In most birds, wing teathers fade most quiclly
in the sections exposed to sunlight when thi
wing is folded and pale 'shadows' form at their
tlps.

-Mead ( l9t t5)  poin lgd our that  the rerm abrasion is  unsui table
lu '  , lscrrh inU r  l r , \1. ,  lh : , r  rn,  tudc.  pholul t ( .8(ner. , r r , r r  u l
l c . r l h . r  P r r , t e r n  \ r n c e  c v c r ) , , n c  b u t  o r n r l h u l o t i . r .  h c h c v (
abrasion to bc a dcstrucr ive process caused by f r icr ion.  He
preferred thc term leather f lak ing, .  I  havc not  fo l lowed his
example s ince abrasion'  seems cntrcnchcd in orni rhological
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This  rh r r rs ion  r  l i r<s i t rc : r t ion  rppcar r  rpp l i ru l , le
o | | l y  ln  l l l c  ren  gL . \ .  r rc l r iecs .  lnd  pr im l ry  t rnd
secondary coverts. ' I 'hc 

remainder of this papcr
deals chicfly with primary moult, for.which most
da ta  a rc  ava i lab le

The schemc must be used carcfully. Whcn
captured in mist-nets, birds may suffer slight
damage to their feathcrs that is casily repaired by
preening. This net-wear can makc feathers appear
more abracled than they really are. If this seems
to havc affected wing fcathers, it is best to
examine bo th  w ings .

Son]e fcathers abrade faster than others. This
can make interprcting the number of feather
gcncra l ions  d i f f ieu l t .  (A  Ica ther  gcncra l ion  is  r
set of feathers grown in onc moult period.) The
tips of the primaries bctween the wing point (the
bngest primary) and the body arc exposed to sun-
light when the wing is closed, and in most birds
they are onc of the first zrreas to show abrasion.
Most birds moult their primaries from the insidc
outwards. The inner primarics of a non-moulting
wing are thus usually slightly older than thc outer
primaries, which may also makc thcm appear
slightly morc abraded. It is not unusual to
rnc( )un l ( r  l r i r t j s  w i th  s l igh t l l  worn  inner  p r imar ies
and new outer primarics, and it can bc diff icult to
tcll whether partial primary moult (discussed later
in this paper) or difTerential abrasion has caused
this condition.

The contrast in the amount of abrasion between
the inncr and outer primaries is greater in birds
that havc completed a partial moult, and with
exner icn(c  th is  d is t inc t ion  hcc , rmes eas ie r  lo
makc. Sometimes partial moults can be detected
because the abrasion condition of somc primaries
appears inconsistent with their position whcn the
wing is closcd. ln cases where the distinction
between partial moult and ditTerential abrasion is
diff icult to make, I recommend that banders
record the observed abrasion condition, and
also note what they believe to be the cause of the
abrasion anomaly. A simple code, such as Gl
(one generation) or G2 (two generations) is
usually sufficient.

Secondaries sometimes show traces of abrasion
before primaries, cspecially for species in which
the secondaries are paler. This problem can be
treated in the manner described above.

Thcse two characters are used in thc tbllowing
c lass i f i ca t ion  scheme:

N (Ncw) Feather fully grown, with no indica-
tion of abrasion. Ncw feathcrs usually havc a
distinctive gloss. diff icult to definc, which is
morc  caq j l \  rec , rgn ized w i th  exper i ( .n (e .

S (Slight abrasion) A feather which shows
traces of irbrasion but cannot be classified as
old. The clistinctivc gloss of brand new fcathers
is absent. Slight wear at the feathcr t ip nray
h t  v is ih lc  , 'n  c lo . (  Lx rminr l ion .

O (Old fcather; abraded) Some fading over
most of the feather. particularly on those
fcather tips not usually shadcd by othcr
fea thcrs .  Feather  t ips  worn .

V (Very abraded) Fcather fadcd and worn;
wcar ls sevcre enough to affect measurc-
ments of feathcr length. Often the distal
barbs wear away, lcaving the shaft longer
than the  webs.

Feathcrs at thcsc stages of wear are shown in
Figures I to 3. which are described later in the
tcxt. The codes tbr thesc abrasion stages can be
used in conventional moult lbrmulac. as has been
the custom with the codes 0 irnd 5. Descriptions
of conventional moult formulae can be found in
Newton (  1966) ,  Snow (1967) ,  G inn  and Melv i l le
(19{t3). Robcrts (1982). Rogers et al. (.1986),
Rogers (191t9) and Marchant and Higgins (in
press). When thc abrasion classification is
applied, thc code N should be used rathcr than 5;
the latter is rcadily confused with S in handwritten
notcs .

DIFFICULTIES IN USING THE
ABRASION CLASSIFICATION

It should be stressed that this scheme has
some limitations. Feathers of some birds mav
nol  show th is  r rhras ion patrern.  Rcmiges o i
some terns have a silvery sheen which is lost
with wear, making the feathers progressively
darker (Dwight 1901; Ashmole 1963). It is
probably impossible to detect slight abrasion
in white feathers, in which fading cannot be
detected.
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APPLICATIONS: INDICATING ABSOLUTE
FEATHER AGE

The abrasion class can bc useful in clctermining
whcn moult occurs. This is important in species
fbr which it is diff icult to catch birds in active
moult. Such cascs arc comnloll. Eleven families
of trirds, mostly watcrbirds, rnoult their f l ight
feathcrs practically simultaneously (Evans 198-5).
In the brief f l ightless pcriod. thcse trirds are wary
and oftcn difi lcult to catch. Some Caprimulgi-
forrncs and passcrines also becomc fl ightless or
secre t ivc  dur ing  w ing  n ]ou l t  (Hauk io ja  1971;
Rowhcr  and But le r  1977) .  tn  add i t ion .  i t  i s
tl i ff icult to monitor some sites. such as remotc
co-opcrative banding stations, throughout thc
year. Moult workcrs in museums are oftcn
hampercd by a lack of specimens collccted in
activc nroult.

Braithwaite ( l97l ) studied abrasion rates of thc
wings of captive Black Duck Anas suparcil iosa
arrcl Gre y Teal A. gibbe riJr.rr?r. Soma CSIRO
rcports have uscd his tlata as the basis for thc
following loose rules of thumb on duck feathcr
age (tsraithwaite and Norman 1974. 1976; Norman
('1 rt/. 1984):

I  (equ iva len t  to  N)  =  0  to  4  months  o ld ;

2 (equivalent to S) = ,1 to 8 months old,

3  (equ iva len t  to  O)  =  8  to  12  months  o ld ;

4  (equ iva len t  to  V)  :  more  than l2  months  o lc l .

C l r teh ing  ducks  rnv l l ves  a  good dca l  o l  work ,
i rnd .  \ t rndcrd  c lp rure  l (chn iqucs  may be  skcwed
against f l ightless ducks (McKian and'Braithwaitc
lqTa l ) .  Most  o l  lhc  \can l )  du l i t  on  w ing  mou l t  o f
Aus t r ; r l i rn  r lucks  . r rmes f rom examlnat io r r  o [
ahr r rs ion  r - r l  w ings  oh lu ined dur ing  the  shocr r inp
scason (CSIRO rc le rence\  rhore t .  In te res t in !
differences between sites and years indicate thai
moult of ducks in southeastcrn Australia is not as
regular as that in the Holarctic, where most duck
moul t  s tud ies  have been done.

. This . l inding (which remains unexplained)
shows that the use of abrasion as an absolute indi'_
cator of feather age can provide fascinating inlbr_
mation. It should be nored that Braith-waite,s
hgure \  i re_  probah ly  on l l  app l i cah le  to  du t .k
p f lmJne\ .  Dr l le ren( .es  in  hah i la t .  f l i gh t  s ty le r .  r rn rJ
tcathcr stucture and colour (palmer 1972; Ginn

and Mclvil le 1983i Burtt 1986) probably cause
extensive intcrspccific variation in the rate of
feather abrasion. Abrasion rates can also virry
within species. Ducks in badly managed wildfowl
collcctions can devclop very abraded plumagc in
a  shor t  t ime (P .  J .  Fu l lager ,  pers .  conm.) .  [ f
stress also affccts abrasion ratcs in wild ducks,
then the l indings in the CSIRO rcports should be
treatcd with caution.

APPLICATIONS: DESCRIBING RELATIVE
FEATHER AGE

In a single bird

Whcn three or morc generations of fully grown
fcathers can be seen in a bird. or in a population
of birds. it is misleading to record them simply as
old (0) or new (5). Theie are several instan;ci in
which more tltan two feather ages may be seen in
a bird. most of which are described by Rogers a.
a/. (1986). A few are covered bclow.

Partial primary moult

_  Mrny  h i rds  undcrgo r r  n r r l iu l  mou l l  o f  rhe  f l ighr
le  thcr \ :  an  Aus t ru l ian  cx l rmp lc  i s  th r r  Cur lew
Sandpiper ( 't l i t lr i t lcrru6inca, in which mlnl
ovcrwintering juveniles moult a variable number
of outcr primaries from January to March (Paton
et al. 198?, Barter 1986; Rogers et a/. 1990).
Presumably thesc moultcd teathcrs are worn
enough to impair f l ight, and are replaced at a time
when the birds have insufficient energy reserycs
tor a complete moult. The primaries of thcse
Curlew Sandpipers arc all replaced in the next
comple te  mou l t .  Dur ing  th is  mou l t ,  onc  can sec
new feathers (N) on the inside of the winA,
s l igh t l l  ahruJed or r l c r  p r i rn r r r ies  tS l  wh ich  Br&
t l u r i n g  t h e  p a r l i r l  m o l l i .  a n d  h c l r . r e r n  l h r m , , r l d
lo  \c ry  rh raJed pr imar ics  tO to  V)  wh ich  hrvc
been re ta incd  fo r  mr r re  th l rn  r r  ye l r .

Arrestetl moull

Ginn and Melvil le (1983) denned an arrcsted
moul t  as  onc  wh ich 'wou ld  normal ly  havc  been"complete", which has stopped before all of the
olcl teathcrs have been replaccd. The old feathers,
which havc been retained, are then replaced in
sequence at the time of the ncxt complete
moult . . ' . Betbre the next moult begins,
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arrcsted moults cannot be told from suspcnded
moul ts .  in  wh ich  n . rou l t  i s  resumed a t  thc ,o in t  o f
rnterruption. Rogers er n/. (1986) recommcnded
thc  use  o f  thc  te rm s topped mou l t  in  such cases .
In most birds which have arrcstcd a moult. one
ciln scc thrcc agcs of feather during the ncxt
conrp le tc  mou l t .  In  thc  p r imar ies  o {  most  such
b i rds .  the  inncrnros t  p r imar ics  ( thosc  bc tween the
gro*ing feathcrs antl thc body) wil i show no
abras ion  (N) ;  the  ou tc rmost  p r imar ics .  wh ich
havc bccn retainecl l i tr two ycilrs. wil l be very
abradcd (V). and the othcr fully grown fcathcrs.
which havc bccn retained for one year. u,i l l  be
o l d  ( O ) .

Sta.l.l(lnuuser

This nrode of f l ight fcather moult has also bccn
ca l led  wavc  r lou l t  (Brooke 1981) .  s tepwisc  mou l t
and serial moult (Prcvost l9i]3). Staftel|nausers
arc gcncrally restricted to largc volant birds
(Prcvost l9fl3). In most birds with a statTel-
mauser. rnoult o1 the primaries begins with
a ' w a v c ' o f  r n o u l t  b e g i n n i n g  o n  t h c  i n n c r m o s t
primarv and hcading towards the outertnost.
Beforc  th is  wave o f  mou l t  i s  complc tc ,  anothcr
bcgins at prinar,v L In somc largc flying birds,
scvcral wavcs Of moult may be activc in the
prinaries irt one timc. Moult of the secondaries
and tail otien follows a similal pattcrn. Waves of
moult can be intcrruptcd; often the moult con-
dition on each wing diflers. Staffelmausers pro-
tluce conplex moult pattcrns that have sometimes
been nrisintcrprctcd as irrcgular Inoults (Prevost
1983). Thel' are l ikely to be confusing cven whcn
: r l ) r : r { i , )n  i )  t rkcn  in t ! )  accuunt .  D iscont inu i t ies  in
feathcr abrasion indicate arrested moult waves
and nray be useful in idcntifying diffcrcnt fcathcr
gcncratlors.

Prevost (1983) suggested that staffelmausers
are undertaken by large birds since thcy havc high
wing loirdings and take ir long timc to grow a fl ight
feather. They cannot complctc a moult as rapidly
as their environment dictates without shedding
several feathers simultaneously, and they cannot
shed adjacent feathers without seriously impairing
thcir f lying abil it ies. The stafTelmauser appears to
solvc thcsc proble ms.

Although sulphur amino acid availabil ity may
be a moult constrirint (Murphy and King 19t37), it
seems likely that suspension of moult waves ir

birds u'ith staffclmausers occurs whcn thcre is
least cncrgv to spalc from olhcr activit ics. This
nay zll low intircnccs to be n]i lde ailout energv
constri l ints on a bird during a vcar. These clearly
differ betwccn irlbatrosscs. which suspencl moult
when trreecling (c.9.. Furncss 1981t) ancl California
Conclors Gyma<r.q_y ps cctl iJorniunus, Whitc Storks
and Black Slorks Ciconla cicoria and ('. nigrt,
wltich do so in the non-breecling scason (Snydcr
et ol- 1987l. Bloesch cl al. 1971 . Bloesch ./
al. 1987). StaffeLnauser also trits interesting
ageing applications. In specics which always
employ  a  s ta f fe ln ]auscr .  on lv  juvcn i l cs  w i l l  have
a w ing  w i th  un i fo rm abras ion .  Most  s ta f fc ln tauscr
studics have also revealed rccognizablc difftr-
ences between moult contl it ion of subadults and
adI l t s .  I f  abras ion  cond i t ion  o f  oppos i te  w ings  o f
albatrosscs l lcts morc out of kilter with age. as
suggested  by  Brookc  ( l9 lJ l ) .  i t  rn igh t  bc  poss ib lc
to dcvclop a lcchniquc for rcfincd agcing of
adults.

Slow continuous tttoults

Zann (19i.l-5) described a pattern of moult in the
Zcbra Firrch Poephilu guttatu that is vcrv sinli lar
to a staflelmauser. Zebra Finches replace their
primaries in slow outward moving waves. C)nly
onc growing primary can bc sccn in a moult wavc
at onc tinc. and cach wavc of moult takcs .lbout
seven months. Another \\ 'ave of n]oult begins at
about the time that the previous wave of moult is
completed. Moult is slowed, but rot stopped,
by encrgctic inconveniences such as breeding.
Similar moult patterns appear to occur in thc
Squatter Pigeon I'atrophdssa s.rryla (Crorrc
1976) and the Budgerigar Melo2.sittacus undulatus
(Wyndham l9 f3 l ) .

This moult scquence appears to be a simple
staflelmauser, but Prcvost's (1983) thcory
cxplaining staffelnrausers can not apply to such
small birds. Wyndham (1981) suggcstcd that thc
slow continuous moult permitted opportunistic
breeding in birds l iving in arid, unprcdictable
arcas. Very few moult studies have been done in
such environments. and the theory cannot be
tcstcd without more intbrmation about the moult
sequcnccs employed by birds in thesc arcals. A
gradual transition from ncw to old primaries can
be cxpected on birds that do a slow continuous
rnoult.
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ln a population

As l rule. the ferthers of same aged trircls in a
population show sirnilar abrasion conditions.
Exccptions to this gcncralization havc bcen
reported, and it should be remembered that slight
differenccs in the moult schedule of individuals.
such as those between sexes (Ginn and Melvil le
1983). mav not produce obvious differcnccs in
nbrasion. Differences in abrasion condition
betwecn zlgc classcs can tre a valuable ageing
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character, especil l ly in species in which the
first plun.rage is vcry similar te that ol the
adu l t .

ln most species from temperitt€ cli l l lartcs, adults
have rather worr plumagc at thc time when their
young fledge into a frcsh jr.rvcnilc plunrage. The
juvenile plurnagc appcars less abraded unti l the
adults finish their next complete moult. This can
bc seen in Lesser Golden Plovers Pluvialis Julva
(Figs I and 2). In some species, the post-juvenile

Ftgurc |. Outstrctched wing of juvenile Lesser Goklen P/ovel Pluvialis tutva, with mouh Jonnuta St\t
Photogrcphed ut Yaltock Creek, Victoria. l5 Norember 1986.

Figve 2. Aduh Lesser Goldcn Plover pluvit:lis fulva, age 2+, vtith moult formula N63tOt. photo-
graphed ar yallock Crcak, Victoia, l5 November 19g6.

t
I
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moult is complete and occurs at the same timc as
that. of_the. adult (Ginn and Mclvil le 19g3; Rogers
et ul. 1986).

. ln  many o thcr  spec ies .  thc  juven i le  w ing  and
l i t t l  i r rc  no t  mou l led  un t i l  thc  second summcr /
autumn at about the same time as the annual
adult moult. Thc l irst plumagc of such birds is
nrore abraded thar that of thc adults during the
first winter and spring and thc second sumher.
Age 2 birds (Australian Bird and Bar Banding
Schem.  s '  Age C, rJe :  Rogers  e l  , r1 .  lq8r r :  Rogcr i
IUE(r) (un t,f l i  n be idcntif ie-d in rhcir second >ummcr
l )cc i rusc  t l l c i r  [e l l l t c15  i t re  rc ry  lh r ldcd .  Ret r ; rps
l r i l \e  \h ( ) \ \n  th is  : rge ing  chr t r i t c le r  to  he  re l i ch lc  in
thc Fuscous Honeyeatcr Lichenostomus fuscus

(Rogers ct al. 1986) and the Red-necked Stint
Calidris ruf;collis (Forest 1982; Rogers et a/.
1990). The wing of an age 2 Lesser Golden plover
is shown in Figure 3.

Thcse generalizations do not apply universally,
and many birds havc different 

- 
moult histories

which also make abrasion a useful agcing character.
The moult histories of most Australian birds are
undescribed; such birds can be diff icult to age.
Whcn more information on the moult of s;ch
birds bccomes available. banders who havc
recordcd moult and abrasion condition system-
atically on l itt lc known specics may be able to
correct or refine age codes assigned to birds they
captured some timc ago.

Figfie 3. Immature Lesser Gol.len P/oyel Pluvialis tulva, age 2, with tn.,uh formula N13tV1.
Photographed at Yallo(k Crcek, Victorkt, l5 November 1986.
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