
Population turnover in groups of wing-moulting waterbirds: the use 
of a natural marker in Great Crested Grebes

T H E U N IS  P IE R S M A

In troduction

T he m ajo rity  o f W aterbird specics (divers, 
g reb es , flam ingos, sw ans, geese, ducks, 
rails, cranes and  auks) renew  th e ir flight 
fe a th e rs  by a sim u ltan eo u s w ing-m oult 
(S tresem ann  and  S tresem ann  1966). S hed
d ing all flight fea thers  at th e  sam e tim e 
resu lts  in an ex tended  p e riod  of im paired  
flight cap ab ilities . F ligh tlessness m akes 
b irds v u lnerab le , and  th e re fo re  a location 
w hich p rov ides safety  from  p red a to rs  and 
sufficient food  is critical du ring  the m oult 
p eriod . Special h ab ita t requ irem en ts  m ay 
be th e  reason  th a t m any w aterfow l u n d er
ta k e  m ig ra tio n  (o f ten  in th e  op p o site  
d irec tion  to  th a t follow ed in au tum n) before 
undergo ing  rep lacem en t o f the plum age 
(S alom onsen  1968). A t th e  m oulting sites 
th e  b irds o ften  assem ble in  large concen
tra tio n s  (V lug 1976; van d e r W al and 
Z o m erd ijk  1979; C am pbell and  M ilne 1983; 
L ittle  and  Furness 1985; S to re r and  Jehl
1985). P ro tec tion  from  p red a to rs  (including 
m an) can be p rovided  by distance from 
shore (e .g . open  w ater for diving and  sea 
ducks) o r  by cover (e .g . reed b ed s fo r su r
face feed ing  ducks and  geese). T he specific 
h ab ita t req u irem en ts  m ay m ean  th a t the 
b irds leave as soon as th e  m oult is com 
p le ted , lead ing  to  a large tu rn o v er at m ou lt
ing sites.

R ecen t stud ies on m oulting  w aterb irds 
have o ften  reco rded  th e  num bers p resen t, 
b u t nev er a ttem p ted  to  quan tify  the to tal 
n u m b er o f individuals using a site through 
th e  p e rio d  o f th e  m oult. This m ay by far 
exceed  th e  num bers p resen t at any one 
tim e. It shou ld , how ever, be possible to 
quan tify  the  tu rn o v er by sufficient regular 
observations. F irstly , all w aterb irds have 
th e  hab it o f regularly  flapping the wings, a 
com fort m ovem ent. D uring  w ing-flapping 
th e  stage o f w ing-m oult can easily be seen. 
Secondly , since flight fe a th e r grow th rates 
a re  d irectly  p ro p o rtio n a l to  the full-grown 
w ing leng th s (P rév o st 1983), w ings-in- 
moult in fact represent a natural marker 
from  w hich period icity  can be estim ated.

T his study sets ou t to  exam ine the neces
sary m ethodo logy , using G rea t C rested

G reb es  Podiceps cristatus. F or m ore than  20 
years these  have congregated  in large num 
bers (up  to  a daily m axim um  of 40,000 
in d iv id u a ls )  in L a k e  I js s e lm e e r ,  T he  
N eth e rlan d s. It is th e  largest know n m oult
ing co ncen tra tion  of G re a t C rested  G rebes 
in E u ro p e  (P iersm a. V lug and W esthof
1986). D uring  the early  m orning and late 
a fte rn o o n  the  g rebes forage on the open 
w ater. D uring  m id-day and  m id-night they 
assem ble in one o r  m ore rafts on the shallow 
w a te r w ith in  2 km from  the shore.

Study area and field m ethods

Fieldw ork  was done a long  the south  coast of 
th e  province of F riesland  (52°50'N , 5°28'E ; 
inset F igure 1). w here th e re  is a 4 km long 
and  0.5 km  w ide s tre tch  of reeds (the 
M o k k eb an k ). F o r the first tw o km offshore 
th e  w a te r is shallow  (less than  2 m deep) is 
u sed  by th e  G rea t C rested  G rebes to  roost, 
and  is p a rt o f a p ro tec ted  natu re  reserve 
w ith o u t access fo r the public.

T he observations w ere m ade directly 
from  the  shore o r from  an eleva ted  hide in 
th e  w a te r’s edge , a t d istances of 50—1500 m 
from  th e  g rebes. A  15 —60 x zoom  telescope 
w as used . A  m anual co u n te r was em ployed 
to  sum  th e  num erical un its d iscerned. D ue 
to  th e ir  forag ing  rhy thm , the num bers of 
g rebes on th e  roosting  a rea  peaked  betw een 
12 and  16 hrs M .E .T . (P iersm a et al. 1986). 
T he  daily  to ta ls  th e re fo re  refer to  counts 
m ade during  these afte rn o o n  periods.

W ing -flapp ing  (F ig u re  2) tak es  2 — 8 
seconds and  it is usually  easy to  see w hether 
th e  g rebe  is in w ing-m oult o r not. B ased on 
stud ies o f d row ned  grebes collected from  
gill-ncts by local fisherm en, th ree  m oult 
phases could  be d iscerned  (F igure 3). B irds 
in phase 1 have ju s t shed  the ir fea thers with 
p rim aries less th an  o n e-th ird  o f final length. 
Phase 2 b irds have flight fea thers up to  two- 
th ird s o f final length . In phase 3 m oult 
can n o t be d iscerned . T hese  birds are  e ither 
non-moulting individuals or have nearly 
co m ple ted  flight fe a th e r grow th. T he m oult 
phase o f each  grebe w hich was seen w hen 
w in g -f la p p in g  w as r e c o r d e d .  G iv en
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sufficient sam ples, recording e rro rs will 
average  ou t.

T he frequency o f w ing-flapping bouts was 
m easured by focussing on subgroups of 
grebes in a roosting  raft. The num ber of 
grebes in focus (N ) was counted  and the

num ber o f bou ts (F) was reco rded  within a 
period  (T ) , which was tim ed  by a stopw atch 
in m inutes. T he bou t ra te  is expressed  per 
hour, and was calculated  by dividing the 
num ber o f bouts by the num ber of “grebe- 
m inu tes” : (F /(N xT) x 60).

Figure 1. Average daytime numbers of Great Crested Grebes on the moulting area near the 
Mokkebank, Friesland (inset), in the period 1970—1986. Up to 1984 five-year running averages are 
given. The two open dots indicate the seasonal averages for 1985 and 1986.

Figure 2. Two examples of wing-flapping Great Crested Grebes. The bird on the left has just shed the 
flight feathers (moult phase 1), whereas the bird on the right has almost completed wing-moult (mou'.‘ 
phase 3). (Photo courtesy J. van de Kam.)



Population turnover in m oulting  grebes 39

Figure 3. Illustration of the three different phases of wing-moult in Great Crested Grebes.



40 Theunis Piersma

Results

T he results o f the observations in 1985 and 
1986 on m oult phase and to ta l num bers o f 
G rea t C rested  G rebes on the day-tim e roost 
a rc  p resen ted  in Figure 4. In both  years the 
num bers p resen t increased in early  A ugust. 
H ow ever, in 1985 there  was a continuous

decline from  halfway th rough  A ugust o n 
w ards, and  virtually  no grebes roosted  near 
the M okkebank  in the first w eek o f Sep tem 
ber. N um bers then  increased again. In 1986 
no such tem porary  decline was apparen t 
although the num bers fluctuated  strongly. 
In 1985 and  1986 peak  num bers w ere 8,000 
and  18,000 respectively. T he p ropo rtion  o f

August September October

Figure 4. Seasonal changes in the number, and moult phase composition, of Great Crested Grebes in 
1985 (top) and 1986 (bottom), n indicates the num ber of grebes per period that were examined for 
moult phase during wing-flapping. Data from the entire daylight period included.
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grebes in m oult phase 1 increased  from  
abou t zero , to  abou t 50%  in the second 
w eek o f A ugust 1985, and peaked  in early 
Sep tem ber. In 1986 w ing-m oult m ay have 
been  som ew hat earlie r, w ith peak  p ro p o r
tions o f phase 1 halfway th rough  A ugust.

For a stra igh tforw ard  estim ation  o f po p u 
lation  tu rnover from  to ta l num bers p resen t 
and  m oult phase com position , we need  to  
know  th e  dura tion  o f each m oult phase 
(regarded  as a m arked  “co h o rt” ), and  also, 
to  ascertain  w hether the frequency  of wing- 
flapping bouts is equal fo r m oulting and 
non-m oulting  grebes. N o d irect m easure
m ents o f w ing-m oult du ra tion  are  available 
for G rea t C rested  G rebes b u t a reasonable 
estim ate can be ob tained . P révost (1983) 
show ed th a t, betw een  species, flight fea ther 
grow th ra te  and  wing length  are linearly 
co rre la ted , w ith only  sm all d ifferences 
betw een taxonom ic groups. H ighest fea ther 
grow th ra tes in relation  to  final wing length

w ere found  in the  sim ultaneously  m oulting 
A nseriform es. G rea t C rested  G rebes, w ith 
an average wing length o f 195 m m , w ould be 
p red ic ted  to  have a grow th ra te  of 6 m m /day 
(w hen using the linear rela tionsh ip  calcu
la ted  from  the A nserifo rm -data), o r o f 4 
m m /day (w hen using th e  relationsh ip  based 
on data  from  all spccies). In one captive 
B lack-necked G rebe Podiceps nigricollis 
(wing length 60%  of th a t o f G rea t C rested  
G rebes), S to rer and Jeh l (1985) found  a 
grow th ra te  o f 3 m m /day. Since the average 
length o f the p rim aries is 103 m m , a grow th 
dura tion  of 17—26 days is p red ic ted  (aver
age 21 days). B ecausc th e ir pro tein-rich  diet 
o f fish p robably  im poses no grow th lim it
ations, the grow th dura tion  is likely to  be 
closer to  17 than  to  26 days. Independen tly , 
an average m oult du ra tion  of 17 days was 
also estim ated  from  a sam ple o f 74 drow ned 
grebes in active w ing-m oult, by regressing 
d a te  on percen tage of p rim aries ' final length
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Figure 5. Daily variation in wing-flapping bouts of Great Crested Grebes. Filled dots indicate the 
m easurements on 17th, 23rd and 28th August 1986 when daily average wing-flapping bouts varied from 
2.42 to 2.62 per grebe.hr. Open dots indicate the data from 4th, 17th and 18th Septem ber when 
flapping rates were close to 1.7 per grebe.hr. Every dot represent sample sizes o f at least 100 grebe- 
minutes (maximum of 1692). Only the m easurements made between 8 and 17 hr M .E .T . were used in 
the subsequent analyses.
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grow th (see Pim m  1976 for m ethod). Since 
the grow th rate  o f prim aries is constan t 
th rough  m ost o f the grow th period , each 
moult phase will take about a third of the 
to ta l m oult du ra tion . V alues of e ither 5 
days/phase (m axim um  estim ated  grow th 
ra te ) o r o f 7 days/phase (average estim ated  
grow th rate) will be used below.

T he m oult com position  of the population  
presen t is only accurately  reflected by the 
com position  o f th e  m oult phase sam ples, if 
birds in d ifferen t m oult phases have the 
sam e frequencies o f w ing-flapping bouts. If

no t, th e  percen tages o f birds in active wing- 
m o u lt w ill e ith e r  be o ver- o r  u n d e r
estim ated . T o  find o u t, the daily average 
frequencies of w ing-flapping bouts w ere 
p lo tted  against the percen tages o f birds 
definitely in w ing-m oult (i.e . phases 1 and 
2). Since an ex trao rd inary  am ount o f wing- 
flapping occurred  in the early  m orning and 
early  evening (F igure 5), only observations 
on w ing-flapping bouts and  w ing-m oult 
phases m ade betw een  9 and  17 hrs M .E .T . 
w ere included in the analysis (ef. T able 1 for 
actual data).

Table 1. Percentage of grebes in apparent wing-moult and wing-flap bout frequencies.

Num ber of Total No. Percentage Percentage Percentage
Date* grebe-min Bouts/hr of flapping moult ph. 1 m oult p h .2 moult ph .3

grebes seen

28.7 1050 0.69 79 4% 0% 96%
7.8 642 1.78 92 37% 0% 63%

13.8 360 1.67 135 16% 17% 67%
17.8 943 2.42 165 64% 20% 16%
23.8 3867 2.62 316 42% 35% 23%
28.8 1395 2.54 69 49% 32% 19%

4.9 3724 1.66 141 24% 28% 48%
17 & 18.9 12765 1.65 534 7% 18% 66%
30.9 4558 0.63 77 1% 13% 86%
15.10 4610 0.42 62 0% 3% 97%

* All 1986 except 28.7

F igure 6 show s the  strong  (r= 0 .9 5 )  
co rre la tio n  be tw een  the p e rcen tag e  of 
w ing-m oulting grebes and the frequency of 
w ing-flapping bouts. A  stepw ise m ultiple 
regression analysis (N ie et al. 1975) show ed 
th a t the percen tage o f birds in phase 1 
con tribu ted  exactly as m uch to  an increase

during wing-flapping

Figure 6. The correlation between the percen
tage of grebes showing wing-moult (moult phases 
1 and 2) and the frequency of wing-flapping bouts 
of Great Crested Grebes. The heavy line rep
resents the best lit (y=0.024 x + 0 .6 !, r ’=0.89, 
PcO.OOOl).

in the frequency  of w ing-flapping bouts as 
the percen tage of birds in phase 2 (the 
regression coefficients for both are 0.024, 
r2= 0 .8 9 , in te rcep t= 0 .6 1 1, w ith no differ
ences betw een  regressions w hen e ither the 
percen tages of phase 1 o r phase 2 are 
en te red  first). Since a t a theoretical 0% 
birds in w ing-m oult (i.e . in tercep t), the 
w ing-flapping ra te  is 0.6 bou ts/g rebe .h r, 
and  a t a th eo re tic a l 100% 3.0  b ou ts / 
g reb e .h r, b irds in m oult phase 1 and 2 
would be p red ic ted  to  flap the ir wings no 
less than  3/0.6 =  5 tim es as frequently  as 
b irds in phase  3. H ow ever, th e re  are 
reasons to  th ink  this is an overestim ate.

In the field it was obvious th a t w hen one 
grebe was w ing-flapping, it was likely tha t 
n ea rb y  g reb es  w ould  also  s ta rt w ing- 
flap p in g . S o m e tim e s , w aves o f  w ing- 
flapping could  be seen m oving th rough  the 
rafts of g rebes. W ing-flapping (like yawning 
in hum ans) can there fo re  be regarded  as a 
so c ia lly  fa c ili ta t in g  b e h a v io u r . W ing- 
m oulting individuals, being m ore p rone to  
flap the wings anyw ay, w ould be particu 
larly susceptib le to  such facilitation , but
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since only the first in a w ave could be 
checked , the h igher the percen tages of 
m oulting b irds, the m ore these  percen tages 
are underestim ated . W hile it is certain  that 
m oulting grebes flap th e ir wings m ore often 
than  non-m oulting  g rebes, it is no t yet 
possible to  say exactly by how  m uch. The 
factors 5, 2.5 and  zero  are used below  as 
d ifferen t assum ptions fo r the  increase in 
w ing-flapping rates o f m oulting  com pared  
to  non-m oulting  grebes.

T o calculate population  tu rn o v er under 
these d ifferen t assum ptions, the num bers 
p resen t and  the p ropo rtions of birds in 
d ifferen t m oult phases w ere tab led  fo r each 
day. F o r th e  days betw een those on which 
th e  d a ta  p re s e n te d  in F ig u re  4 w ere 
collected , th e  figures w ere linearly  in te rpo 
lated . T he tables w ere then  divided in e ither 
5 o r 7 day periods (s tarting  on 1st A ugust), 
and  the num ber o f birds in th e  m oult phases
1 and  2 calculated  for each day, u nder 
d ifferen t assum ptions fo r rela tive wing-flap 
bou t frequencies. Since th e  du ra tion  of 
m oult phases 1 and  2 is assum ed to  be the 
sam e (i.e . each of 5 o r 7 days), the d iffer
ence betw een the estim ated  num ber of 
grebes in phase 1 in period  1 (n ,)  and  phase
2 in period  2 (n2), yields an estim ate  o f the 
num ber o f grebes th a t m oved away from  the 
study a rea  betw een periods 1 and  2 (if n 2 <  
m ), o r im m igrated  into the a rea  (if n2 >  n ,). 
F or sim ilar reasons, the num bers o f grebes 
in m oult phases 1 and 2 in the d ifferen t 
periods can be sum m ed over the w hole 
season to  get an estim ate of the to tal 
num bers of individuals w hich had occurred  
near the M okkebank  in th e  tw o m oult 
phases.

starting  w ing-m oult n ea r the M okkebank  in 
1985 and  1986 varies from  3,400—24,000 
a n d  fro m  5 ,0 0 0 -3 5 ,3 0 0  re s p e c tiv e ly , 
depending  on the assum ptions m ade (T able 
2). W hereas the estim ates assum ing no 
difference in wing-flap bou t frequencies of 
m oulting  and  non-m oulting  birds are  clearly 
too  high, the estim ates based on a factorial 
d ifference of 5 arc p robab ly  too  low, fo r the 
reasons ou tlined  above. It is suggested tha t 
the estim ates based on a factorial difference 
o f 2 .5 , and  a m oult du ra tion  of 5 days/phase 
(underlined  in T able 2), are o f the right 
o rder.

U sing these last assum ptions, the values 
o f several population  p aram eters o f the 
w ing-m oulting G rea t C rested  G rebe po p u 
lation near the M okkebank  m ay now be 
e x a m in e d  (T a b le  3 ). T h e  d if fe re n c e s  
betw een the years 1985 and  1986 are  due to 
m uch low er average num bers o f both  adults 
and  juveniles p resen t in 1985. and a com 
parab le  difference in th e  to ta l num ber of 
grebes reco rded  in w ing-m oult. T he large 
tem porary  decline in num bers in the end  of 
A ugust and  early  S ep tem ber 1985 resulted  
in m uch low er num bers recorded  in phase 2 
than  in phase 1 in 1985, and  in a concurren t 
high value for the em igration  of birds 
having ju s t sta rted  w ing-m oult. In 1986, 
to ta l num bers recorded  in phase 1 and 
phase 2 differ little , and  the estim ates of 
im m igration and  em igration  after phase 1 
are  relatively low. It is rem arkab le  th a t both 
in 1985 and  in 1986 th e  to tal num ber of 
g rebes reco rded  in w ing-m oult is alm ost 
tw ice the average num ber th a t was p resen t, 
bu t is close to  the m axim um  num ber tha t 
occurred  during  the season.

T he estim ates o f the num ber o f grebes
Table 2. Estimates of numbers of grebes starting wing-moult near the Mokkebank in 1985 and 1986, 
under different assumptions for length of moulting period and relative wing-flapping bout frequencies.
The underlined figures are probably closest to reality.

Year

Length of 
moulting 

period

Birds in moult 
flap 5 times 

as frequently

Assumptions
Birds in moult 
flap 2.5 times 
as frequently

No difference between 
flapping bout rates 

in moulting and non
m oulting birds

1985 21 days 
(7 days/phase) 3400 6900 17200

15 days 
(5 days/phase) 4800 9600 24000

1986 21 days 
(7 days/phase) 5000 10000 25200

15 days 
(5 days/phase 7000 14000 35300
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Table 3. Population parameters o f wing- 
moulting Great Crested Grebes. To calculate the 
average total num ber present, only counts made 
between 6 August and 15 October were used. 
The num ber of juveniles was estim ated from the 
average proportion of juveniles in special scan- 
samples made between 6 August and 15 Septem 
ber of each year. The num ber of grebes in 
d ifferent phases were calculated under the 
assumptions of a 2.5 times increase in wing-flap 
bout frequencies and a phase duration of 5 days.

Year of observation
Category 1985 1986

Average total num ber present 4900 11300
Average num ber of juveniles 100 2000
Num ber starting wing-moult

(phase 1) at M okkebank (a) 9600 14100
Num ber starting wing-moult

elsewhere (b) 1300 3000
Num ber emigrated after

starting wing-moult 5700 3400
Num ber recorded in phase 2 5300 13700

Total num ber recorded in
wing-moult (a +  b) 10900 17100

Maximum num ber recorded 8000 18000

Discussion

C learly, th ere  is considerable tu rnover in 
the popu la tion  o f w ing-m oulting G rea t 
C rested  G rebes n ea r th e  M okkebank . This 
m eans th a t the m oulting  a rea  is o f im por
tance to  larger num bers o f birds than  was 
ap p aren t from  counts o f to tal num bers. In 
the absence of accura te  da ta  on the effects 
o f th e  phase of m oult and  of facilitation by 
conspecifics on re la tive  w ing-flap b ou t 
frequencies, the tu rnover-estim ates can still 
only be given as a  range. H ow ever, th e  use 
of w ing-m oult as a tem porary  m arker of 
cohorts o f birds has certain ly  po ten tia l for 
s tu d ie s  on  w a te rb i rd -p o p u la t io n s  in 
general. This is especially so for species 
w hich rem ain  on open  and  deep  w ater 
during m oult (Jepsen  1973; van Im pe 1978; 
van der W al and  Z om erd ijk  1979; W inkler 
and  C ooper 1986), and  there fo re  cannot 
easily be cap tu red  by rounding up to  m ark 
and  exam ine in th e  hand  (O w en and Ogilvie 
1979 ; B oyd and M altby 1980). It should also 
be possible to  use the m ethod  on species 
w ith m ore secretive m oulting habits. For 
exam ple, surface feeding ducks, which hide

in freshw ater reedbeds during w ing-m oult, 
are often  visible (from  blinds) for p a rt o f the 
day w hen they  are  feeding on open lagoons. 
H ow ever, in o rd e r to  reduce the num ber o f 
assum ptions affecting  the  p resen t esti
m ates, the p e rtin en t factors should  be 
studied  in captivity.

O bservations on m oult phase com po
sition in w ing-flapping birds m ay still yield 
invaluable qualita tive data  on the tim ing of 
m oult in m ost species, and the differences 
betw een  th e  tim ing of m oult o f the sexes in 
sexually d im orphic species (diving ducks, 
seaducks and  sawbills). T he only requ ire 
m ents are  a good v iew point and  a telescope !
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Summary

Flapp ing  the  wings is a com m on com fort 
behaviour in waterbirds. It is easy to see whether 
a bird is in wing-moult o r not, and to see the 
extent of feather renewal. Since each moult 
phase takes a definitive num ber of days, wing- 
moulting w aterbirds are naturally m arked in 
successive cohorts. Com bining observations on 
m oult phase with data on the num bers present, it 
is possible to calculate minimum rates of emigra
tion and imm igration of moulting individuals 
(turnover). In A ugust-O ctober 1985 and 1986 the 
m ethod was applied on a population of G reat 
C rested G rebes Podiceps cristatus moulting in 
Lake Ijsselm eer, The Netherlands. Only the 
possible range in the extent of population tu r
nover could be determ ined. In both study years, 
the best approxim ation of the total num bers of 
grebes that had been present while in wing- 
m oult, was alm ost twice the average num ber 
recorded. W ith m ore information on the variabil
ity in wing-flapping bout rates, the m ethod has 
g reat potential for studies of m oulting waterbirds 
in sites o r habitats where they are difficult to 
study otherw ise.
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