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The grow th  o f P in ta ii ducklings ra ised in sem i-cap tiv ity  was m easured, and 
th e ir g row th  curves presented so as to provide a tool fo r de term ination  of 
the age o f P in ta il ducklings. S ign ifican t d ifferences exist between the m ea­
surem ents o f mate and fem ale ducklings, bu t the overlap between values of 
the two sexes prevents accurate determ ination  o f the sex o f P in ta il duck­
lings from  m orphom etric  m easurem ents alone. A reference table a llow ing  
precise de term ination  o f the age o f P in ta il ducklings from  p lum age charac­
te ris tics  is presented, which can be used when it  is not possib le to catch 
ducklings in the field.
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The study of the dynamics of w ild l i fe  
popula t ions requires m on ito r ing  of the 
grow th and survival of juveniles, wh ich  
is som e t im es  done by fo l low ing the 
growth of young indiv iduals from  th e ir  
b irth in the wild. However, it is not 
a lways possible to undertake  th is  type 
of study, especially in Anatidae  which 
genera l ly  have dispersed crypt ic  nests 
d i f f icu lt  to locate in dense vegetation 
(eg Higgins et al. 1969; Andren 1991; 

A rno ld  et al. 1993). S tudies of such

species rely on the capture  or observa­
t ion of young ind iv idua ls wh ile  they 
sw im  w ith  th e ir  parents, and reference 
values from  ea r l ie r  w o rks  are used to 
de te rm ine  th e ir  age and sex. Such re f­
erence values (e ither m o rp h o m e tr ic  or 
based on p lum age development) exist 
fo r  som e w ild fow l  species, and are 
based e ithe r  on captive-bred birds (eg 

M a l la rd  Anas p la tyrhynchos, O.N.C. 
1982; Hawaiian Goose Branta sandiven- 

sis, H un te r  1995; Canada Goose Branta
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canadansis m in im a , S ed in g e r  1986; 

Tufted Duck Aythya fu ligu la, Kear 1970; 
B lue Duck H ym enolaim us m alacorhyn- 
chos, Pengelly & Kear 1970) or birds 
caugh t in the w i ld  (eg Canvasback 
Aythya välisinenä, Dzubin 1959).

Such reference values are lacking 
fo r  P inta il  Anas acuta, fo r  which previ­
ous s tudies suggest an easy d is tinction 
between juveniles and adu lts  (Duncan 
1985; Esler & Grand 1994) but no data 
are available to de te rm ine  precisely the 
age of duck l ings  in the field. These data 
may be needed in the near fu ture, given 
lo n g - te rm  declines reported fo r  breed­
ing P inta il  popula t ions in the Palearctic 
(Perennou et al. 1994) and the need fo r 
popu la t ion  dynam ics  s tud ies  in th is  
duck species.

The regu la r  m easu rem en ts  of the 
grow th of sem i-cap t ive  Pintail  d u c k ­
lings provided:

i) reference values fo r  several m o r ­
p h o m e tr ic  c h a ra c te rs  th ro u g h  the 
descrip t ion  of g row th curves;

ii) a test fo r  d ifferences in these 
g row th  cu rves be tw een sexes and 
years;

iii) a reference table of p lumage 
developm ent that w i l l  help de term in ing  
the age of P inta il  duck l ings  in the field 
when it is not p rac t ica l  to catch and 
measure  them.

Methods

Birds and hatchery techniques

Data were collected at the Centre 
d 'Etudes B io log iques de Chizé, western

France, on 23 P inta ils  (11 males and 12 

fem ales) w h ich  were f i rs t - to -se co n d  
generation o ffspring of birds caught in 
the wild. Ducks were kept in sem i-cap -  
tivity at the research stat ion to carry  out 
behavioural and physio logical s tudies 
w ith in  the f ra m e w o rk  of a p rog ram m e 
on the ecology of w in te r ing  dabbling 
ducks (eg. Guil lemain et al. 1999). The 
23 duck l ings  came from  fo u r  different 
broods over th ree years (Table 1). The 
size and sex-ra t io  of each brood are 
indicated in Table 1.

A fte r  hatching, the duck l ings  were 
separated from  adults  and individually 
m arked  w ith  plastic rings. They were 
placed indoors  u n d e r  a w a rm in g  
E lste in la m p  fo r  fo u r  to five days. 
Duck lings  subsequen tly  were moved 
outdoors  during daylight hours when 
w ea the r made it possible (ie. not on 
rainy or exceptionally cold days). A fte r 
two weeks, they rem ained outside all  
the time, in a 150-m 2 fen w ith in  a 400- 
m 2 fenced area. The pen was moved as 

soon as the vegetat ion became notice­
ably depleted. Birds were fed ad lib itum  
w ith  duck l ing  pellets (26.5% protein) 
un ti l  15 days and subsequently  w ith  a 
blend of duck pellets (24% protein), 
broken maize and wheat. Holm & Scott 
(1954) found that food protein content 

fo r op t im a l P in ta il  duck l ing  growth was 

19%. In addition to pou ltry  pellets, the 
duck l ings  could freely forage on te r re s ­
t r ia l  insec ts , c h i ro n o m id  larvae, 
vegetat ion and na tu ra l  seeds, wh ich  is 
s im i la r  to the na tu ra l diet of free-l iv ing 
indiv iduals (Sudgen 1973). It is th e re ­
fore expected  th a t  the  curves w i l l
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reflect the growth of P in ta il  duck l ings 
under very good condit ions, ie when 
birds are not l im ited by food.

Measurements

Body mass was measured to the 
nearest 0.1 g when duck l ings were under 
one m on th  of age, to the nearest 
1g a fte rw ards , in the a fte rnoon  at 
approximately the same t im e to m in ­
imise possible daily variations (Baldwin 
& Kendeigh 1938 and Blacke 1956 in: 
Weller 1957). M orphom etr ic  m easure­
ments  were taken as proposed by the 
Centre de Recherche su r la Biologie des 
Populations d'Oiseaux, w h ich  co -o rd i­
nates bird ringing activities in France: 
wing length (from the carpa l jo in t of the 
tip to the longest primary) was m ea­
sured to the nearest 0.5 m m  with a 
meta l ru le r while folding, s traightening 
and flattening the wing. Tarsus (from the 
indentation at the t ib io - ta rsa l  jo in t to the 
extremity of the middle toe), bi l l  length 
(or cu lmen, from bill  tip to the first 

feathers), and bil l  w idth and height (at 
the nostr i ls ) were  m easured  to the 
nearest 0.1 m m  w ith  callipers.

On a daily basis, only body mass was 
measured in 1997. In 1998, m easure­
ments  (weight and morphom etry) were 
also taken daily. In 1999, duck l ings were 
measured every two days unti l  32 days, 
and subsequently every three days unti l  
98 days. The body mass of ducklings 
born in 1999 also was measured at 117 
days and 10 months. Measurem ents  
were  pe r fo rm ed  by two d if fe ren t 
observers, one for 1999 and one fo r 1997 
and 1998 (Table 1).

Plumage

Fo llow ing  Lesage ef al. (1996), 
p lum age developm ent was described 
by d irect observation of duck l ings  while  
m easur ing  them . For brood four, the 
date at which f irs t sheaths and feathers 
appeared was noted fo r  each indiv idual 
(Pengelly & Kear 1970).

Statistical analyses

As a p re l im ina ry  analysis, fo r  each 
m o rp h o m e tr ic  c h a ra c te r  n o n - l in e a r  
regressions were f i tted to the data. 
A m ong those  w ith  good m ode l f i ts  
(R2>0.9) the Gom pertz  equation was 
retained since it is the m ost com m on ly  
used fo r  grow th data, especially in w i ld ­

fow l (Sudgen ef al. 1981; L ightbody & 
Ankney  1984 in: S ed in g e r  1986; 
Sed inger 1986; Maclnnes ef al. 1989). A 
fo u r -p a ra m e te r  G om per tz  equation  
was f irs t f i tted to the data. The fo rm  of 
th is  equation was:

Y=y0+a.exp(-exp(x-x0)/b)

N o n -s ig n i f ic a n t  p a ra m e te rs  were  
deleted so as to obtain the most pa rs i­
m on ious  model. In o rd e r  to detect 
d ifferences between male and female 
duckl ings, the average res iduals of the 
regression between a given m o rp h o ­
m etr ic  pa ram ete r  and age (both sexes 
combined) were ca lcu la ted  fo r each 
age over a l l  ind iv iduals of a given sex, 
and compared w ith  M ann-W hitney U- 

tests. This was done fo r  the duck l ings  

from  brood four, w h ich  was the one 
w ith  the most com ple te  dataset and for 

wh ich  duck l ings  were fo l lowed fo r  the
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longes t per iod . If a d i f fe rence  was 

found between sexes fo r  a given m o r ­
phom etr ic  pa ram ete r, the age at wh ich  
th is  d i f fe rence  appeared  (M ann- 
W hitney U-tests] was de te rm ined . This 
th resho ld  age of d ifference between 
sexes was assum ed to be the f irs t age 
a fte r wh ich  m easu rem en ts  fo r  males 
and fem ales differed consistently  at the 
10% level in more than 90% of m ea ­
surem ents . The 10% level was chosen 
because of l im ited  num bers  of duck ­
lings measured, w h ile  the 90% level 
was used because there  were some 
m iss ing data (duck l ings were not m ea ­

sured each day). Subsequently, fo r each 
m o r p h o m e tr ic  p a ra m e te r ,  g row th  
curves were drawn fo r  males and fo r 

females, using the data from  brood 
four.

A 'brood effect' on grow th rates can 
arise from  d ifferences between pa r­
ents, brood size and /o r  hatching date 
(eg L indho lm  et at. 1994; Cooch et at. 
1991a; Loonen & van Duijn 1997). A

year effect'  can be due, even when pa r­

ents and brood size are the  same, to 
vary ing food ava i lab i l i ty  and qua l i ty  
(Perret 1962 in: Sudgen 1973; Cooch et 

at. 1991b; L in d h o lm  et at. 1994; 
Gadallah & Jeffer ies  1995; Loonen etat. 
1997) and /o r  d iffe rences in w ea th e r  
(Cooch et at. 1991b; L indho lm  et at. 
1994; Cooke et at. 1995; Loonen et at. 
1997). 'Brood effects ' could not be te s t ­
ed since th ree  of fo u r  broods (ie broods 
one, three  and four) had the sam e pa r­
ents, wh ile  the  n u m b e r  of duck l ings  in 
brood two was too sm a l l  fo r  a s ta t is t ica l 
analysis. On the o the r hand, broods 
one, three and fou r were approximate ly  
of the  sam e size (Table 1), w h ich  
offered a good opportun ity  to test fo r 
the 'year e f fec t ’ since parents were the 
same. The 'year effect' was assessed 
by com par ing : (i) male body masses 
and m o r p h o m e t r ic  p a ra m e te rs  
between 1998 (brood three) and 1999, 
during the f i rs t  30 days; (ii) fem ale body 
masses between 1997 and 1999, during

Table 1. D escrip tion o f the  fo u r P in ta il broods.

Brood H atch ing date N um b er of duck lin gs  Parents Age of last m easurem ent
Males Females

1 15 May, 1997 2 5 Pair 1 73 days

2 12 May, 1998 0 2 Pair 2 49 days

3 15 May 1998 5 1 P air 1 35 days

4 21 May 1999 4 4 Pair 1 98 days
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the f irs t 71 days (the sam e was subse ­
quently  done fo r  fem a les  during the 
f irs t 30 days, fo r consistency w ith  male 
data]. As above, M ann-W hitney  U-tes ts  
were perfo rm ed on average values of 
residuals.

Results

Growth curves

The mean w e igh t at hatch ing (day 0] 
was 28.0g±0.4 SE, n=8; (Table 2). The 
greatest increase in w e igh t occurred 
between the f irs t and the four th  weeks, 
and a fte r  seven weeks the duck l ings 
were 24 t im es  heavier than at hatching 
(Figure 1a). A sm a l l  loss of w e ight 

occu rred  be tween 52 and 63 days, 
wh ich  corresponded w ith  the f ledging 
period.

Tarsus length was 28.0mm±0.2SE, 
n=8 at hatching (Table 2), and increased 
rapidly during the f i rs t  12 days, reach­
ing a lm o s t  its fu l l  size w hen  the 
duck l ings  were six w eeks  old, before 
they s tarted to fly (Figure 1b).

B il l  w id th  was more developed at 
hatching than b i l l  length and height 
(Table 2): the bill  was 15.5mm±0.1 SE, 
n=8 long at hatching, 8.5mm±0.1 SE, 
n=8 wide and 8.4mm±0.1SE, n=8 high, 
wh ich  represented 29.1%, 47.3% and 
39.1% of the f ina l size, respectively. B il l  
s ize (ie the  th re e  p a ram e te rs )  
increased very rapidly dur ing  the f irs t 
three weeks and the b i l l  was a lm ost 
fu l ly  grown at 40 days, except fo r length 
w h ich  s t i l l  increased s l igh t ly  even afte r 
f ledging (Figures 1 d, 1e, 1 f ).

The increase of w ing length was 
highly corre la ted w ith  p lum age deve l­
o p m e n t (see below). No s ign i f ica n t  
g row th of the w ing was noticed during 
the f irs t week, and the increase was 
s t i l l  very low dur ing  the second (Figure 
1c). Subsequently, the w ings  grew  fast 
un t i l  fledging.

Differences between sexes

On average, m a les  were s ign if ican t­
ly heavier and la rge r than females: the 
res iduals of the Gom pertz  n on - l inea r  
regression between age and a l l  the 
m o rp h o m e tr ic  p a ra m e te rs  w ere  
grea te r in male than in female du ck ­
lings, the d ifference being s ignif icant 
fo r  a l l  charac te rs  (M ann-W hitney U- 

tests: a l l  >1119.0, a l l  P <0.0001 except 
fo r  w ing length: ¿7=1093.5, P=0.001). No 
s ign if ican t d ifferences were observed 
at hatching (Table 2). The appearance 
of the  m o r p h o m e tr ic  d i f fe rences  
between sexes in the growth period 
were not cons is ten t over a l l  m easu re ­
m e n ts :  the  age of f i r s t  s ig n i f ica n t  
d ifference between males and fem ales 
cou ld  be assessed on ly fo r  ta rs u s  
length, w ing length, b i l l  length and bil l  
w id th  (Table 3).

Differences between years

The early body m ass and the growth 
rate were the m ost affected by the year 
effect, ra the r  than the absolute  adu lt 

body m ass: the  res idua ls  of the 
G om pertz  n o n - l in e a r  reg ress ion  
between age and body mass were s ig ­
nif icantly g rea te r  fo r  fem ales of 1999
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Table 2. M easurem ents of P in ta l duck lings  at hatching, fledging, post-fledg ing  (98 days) and juvenile  
stages (10 m onths). Values are m eans ± SE com puted over ind iv idua ls  from  brood four, n=4 m ales and 
4 fem ales, except fo r b ill leng th  in fem ales w here n=3 at day 98.

Hatching 
(day 0)

Fledging 
(day 53)

P ost-fledg ing  
(day 98)

Juvenile 
(10 m onths)

Body Mass Igl 

Males 

Females 
(7- test

28.23*0.49 

27.83±0.69 

(7=10.00. P=0.56

711,68± 18.57 

642.50±16.33 

(7=16.00, P=0.02

702.00*42.35 

686.75*16.33 

(7=16.00, P=0.02

742.75*54.74

714.25*12.33

Tarsus (mm) 

Males 

Females 
(7- test

27.85±0.33 
28.21 ±0.21 

(7=10.00, P=0.56

53.04±0.70 

50.28±0.62 
(7=16.00, P=0.02

54.90*0.47 

51.92*0.60 
(7=8.00, P=1.00

W ing (mm)

Males 
Females 

(7- test

32.75±0.48 

32.25±0.25 
(7=10.50, P=0.41

274.25±3.09 
259.75+0.25 

(7=16.00, P=0.02

273.50*3.57 
262.00*1.08 

(7=16.00, P=0.02

B ill length (mm) 
Males 
Females 

(A tes t

15.48±0.10 

15.58*0.18 

(7= 7.00, P=0.77

50.12±0.43 
46.80±0.43 

(7-16.00, P=0.02

50.90*0.52 
48.12*0.15 

(7=12.00, P=0.03

B ill w id th  (mm) 
Males 

Females 

(7-test

8.50+0.17 

8.55±0.10 

(7=7.00, P=0.77

18.04±0.23 

17.43±0.21 

(7=14.00, P=0.08

18.59*0.14 

18.02*0.17 

(7=15.00, P=0.04

B ill he ight (mm) 

Males 

Females 
(7- test

8.33±0.15 

8.55±0.24 

(7=7.00, P=0.77

19.83*0.117 

18.84±0.77 

(7=14.00, P=0.08

20.28*0.28 

19.76*0.18 
(7=13.00, P=0.15

than 1997 du r ing  the  f i rs t  30 days 

[L/-0.0, P=0.014), but th is difference d is­
appeared when the f irs t 71 days were 
considered instead (¿7=4.0, P=0.14-2).

The body mass of males did not d i f ­
fe r  between 1998 and 1999 (based on

the analysis of res iduals fo r  the f irs t 30 
days, a l l  (7<4.0, a l l  P>0.14-2). The only 
s ig n i f ic a n t  d i f fe rences  fo r  m a les  
between years were fo r  b i l l  w id th  and 
ta rsus  length: male ta rsus  and b i l l  
w id th  were la rge r in 1998 than in 1999
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Age (days) Age (days)

Figure 1. Growth of (A) Body mass, IB] Tarsus, (C) W ing, (D] B ill length, (El B ill w id th  and IF) B ill he ight 
in m ale (grey squares] and fem ale (white circles) P in ta ils  from  hatching to 117 days (mean value from  
ind iv idua ls  of brood fo u r (SD, n = fo u r m ales and fo u r fem ales). G om pertz fits  are indicated fo r each ch a r­
ac te r in Appendix 1.
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Table 3. Age at the f irs t s ign ifica n t d iffe rence between average m ale and fem ale P in ta il m easurem ents 
fo r the six m o rpho m e tric  cha racte rs. Average values (±SE, com puted over ind iv idua ls from  brood four, n 
= fo u r m ales and 4 fem ales) of a given pa ram e te r at the age of f irs t s ign ifica n t d iffe rence is indicated 
when relevant. The age at the f irs t s ign ifican t d iffe rence between sexes was defined as the age a fte r 
w hich values d iffered consis ten tly  between m ales and fem ales at the 10% level in m ore than 90% of 
cases (M ann-W hitney ¡7-tests, n = fo u r m ales and fo u r fem ales in each case). For each date a fte r the 
th resho ld  age (including it), each m a le -fem a le  com parisons w ere a lloca ted  to a s ign ificance level class. 
The num ber in each class fo r each pa ram e te r gives an idea of the robustness of ou r th resho ld  age e s ti­
m ation.

Age of 1st difference 
(days)

Value at age of 1 st 
d iffe rence

N um b er of com pairsons

Males Females P>0.1 0.5 <P<0.1 P<0.05 Lacking

Body mass s till not d iffe ren t 
a t 98 days

- - - - - -

Tarsus length 18 50.1+1.1 47.7±1.1 3 3 24 0

W ing length 44 251,4±3.3 247.8±2.3 1 1 17 0

B ill length 24 43.5+0.6 42.7±0.7 0 1 21 5

B ill w id th 16 16.1 ±0.2 15.9+0.2 2 4 23 0

B ill he ight s t i l l  not d iffe ren t 
at 98 days

- - - - - -

((7=19.0, P=0.027 and (7=20.0, P=0.0U, 
respectively; Figure 2j.

Plumage development

The f i rs t  sheaths to appear were 
those of the scapu lars  and under-w ing  
coverts, at c.12 days (Table 4). Feathers 
appeared from  the sheaths two days 
la te r  on average, and w ere  v is ib le  
under the down. Sheaths of the re c t r i ­
ces appeared at the sam e age. The firs t 

rem iges to appear were the secon­

daries, one day before the p r im aries  
du r ing  the th ird  week. Tec tr ices  
appeared at the chin and the lore d u r ­
ing the same week, as did sheaths of 
the upper ta i l  coverts. During the fourth  
w eek tec tr ices  developed on the head, 
throat, breast, belly and f lanks, as w e l l

as p r im a ry  and secondary coverts. At 

the age of one m onth  the specu lum  
was apparent, wh ich  a l lowed males to 
be d is t ingu ished from  fem ales. Five 

weeks a fte r  hatching fea thers  devel­
oped on the back and rum p, as did the 
upper ta i l  coverts and c ru ra l  feathers. 
At the age of 52 days birds were able to 
make short f l ights, and the p r im ary  
rem iges of one w ing were cut. The 
p lum age of the who le  head, neck and 

upper part of w ings  (ie coverts) was 
comple te  between 52 and 57 days, 10 
days before the under-w ing  coverts. 
The p lum age of the back was not c o m ­

plete before 11 w eeks. The f i rs t  
p lum age  ( juvenile  appearance) was 
fu l ly  developed at approx imate ly  110 
days, an event m arked by the em er-
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Age (days) Age (days)

Figure 2. Growth of (A) Body m ass, [B] Tarsus, (C) Wing, (D) B ill length, (El B ill w id th  and (FI B ill height 
in m ale [black squares) and fem ale  (white circ les) P in ta ils  from  hatching to 30 days (mean value from  
ind iv idua ls of a ll broods + SD, n = fo u r m ales and fou r fem ales). G om pertz fits  are indicated fo r each 
cha rac te r in Appendix 1.
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gence of the last fea thers  of the belly.

The age at w h ich  m ost p lum age 
charac te rs  appeared did not d if fe r s ig ­
nif icantly between males and females, 
except scapulars, unde r-w ing  coverts 
and the sheaths of p r im ary  and sec­
ondary coverts w h ich  appeared sooner

in fem ales than in males (Table 4). Here 

again, though  s ign if ican t ly  d if fe ren t, 

male and fem a le  values overlapped.

Table 4. P lum age chronology of P in ta il duck lings : the mean ages when each type of fea thers appeared 

(± SD) were com puted over a ll ind iv idua ls of brood four, ie n=8.

P lu m a g e  c h a ra c te r is t ic s A ge at C o m p a ris o n  b e tw e e n A ge a t a p p e a ra n ce

A p p e a ra n c e Sexes

(days] ____ _________
(M a n -W itn e y  (7 te s t) M a les F e m a le s

Sheaths of scapulars and under-w ing covert 12±1 (7= 1.5, P=0.22

Sheaths of rectrices 14±4 ¿7=10.5, P=0.41

Scapulars and under-w ing coverts (feathers] U±1 (7=14.0, P=0.04 14± 1 13+1

Sheaths of prim ary and secondary remiges 16±3 U=59.0, P=0.01 18±2 14±2

Tectrices of the chin and lore 18*1 17=25.0, P=0.53

Prim ary and secondary remiges,

tectrices of throat and breast (feathers) 22±2 17=70.0, P=0.10

Sheaths of upper-ta il coverts 22±1 (7=10.0, P=0.32

Tectrices of the head, belly and flanks (feathers) 22±1 (7=73.0. P=0.35

Prim ary and secondary coverts (feathers) 26±2 Lacking data

Speculum and upper-ta il coverts (feathers) 27±2 (7=16.5, P=0.79

Crura l feathers, back and rum p (feathers) 33±2 (7=27.0, P=0.32

Head and neck completely feathered 37±2 (7=24.5, P=0.20

FLEDGING 52±1

Upper parts of wing completely feathered 55±2 (7=4.0, P=0.08

Under parts of wing completely feathered 64±4 (7=4.5, P=0.30

Back completely feathered 79±3 (7=9.5, P=0.20

JUVENILE PLUMAGE COMPLETED Approx. 110 days
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Discussion

Growth curves 

Body mass

Body mass grow th was very fast 

between one w eek and one month, then 
body mass declined tem po ra r i ly  un t i l  
six weeks, ie one to three weeks before 

fledging, and subsequently  reached a 
p la teau  co r respond ing  to the  adu l t  
w e igh t (approximate ly at 55 days). The 
sm a l l  decrease in w e igh t before the 

f ledging period has also been reported 
fo r  Readhead (Weller 1957), Canada 
Goose (Sedinger 1986), Teal Anas crec­

ca, M a l la rd , G adw a l l  A. s treperà , 
N o r th e rn  Shove le r A. ctypeata, 
C o m m o n  Pochard  Aythya ferina, 
Ferrug inous Duck,4yf/?ya nyroca, Tufted 
Duck, Cape Shoveler A. sm ith i, Cape 
Teal A  capensis and Mute Swan Cygnus 
otor (see review in Kear 1970). A fte r  

seven w eeks, the w e ig h t  of P in ta il  
duck l ings  was 24 t im es  th e i r  mass at 
hatching, as noted by S ou thw ick  (1953 
in: Kear 1970). During the sam e period 

body mass increased by a fac to r  of 20 in 
Canvasback (Dzubin 1959] and a fac to r  
of 15 in Tufted Duck (Kear 1970).

At the end of the study period (ie 117 
days) P inta ils had reached th e ir  adu lt 
body mass. Values from  th is  s tudy are 
cons is ten t  w ith  those  provided fo r  
P inta il  in the l i te ra tu re  (eg 807g and 
708g fo r  males and fem ales, respec­
tively, C ramp 1977). A con tro l  weighing 

at the age of 10 m on ths  showed, how ­
ever, s ign if icantly  heavier we igh ts  for 
both males and females. This could be 
a tt r ibu ted  to seasonal body mass va r i ­

ations wh ich  are com m on  in dabbling 
ducks (Cramp 1977), o r to the cond i­
tions of sem i-cap t iv i ty  wh ich  m in im ise  
constra in ts.

D ifferences between years observed 

fo r  the body mass of fem ales are most 
likely to have been caused by d i f fe r ­
ences in w ea the r condit ions (Cooch et 
at. 1991b; L indho lm  e ta t. 1994; Loonen 
et at. 1997), since o the r confounding 
factors  (ie parents, ra is ing condit ions 
and food) were contro lled for. These d i f ­
ferences were s l igh t and did not affect 
body masses in the longer te rm , since 
the d ifferences observed between years 
when consider ing the f irs t 30 days d is ­
appeared when consider ing the f irs t 
two m on ths  fo r  the sam e indiv iduals. If 
w e a th e r  cond i t ions  a ffec t the  ear ly  
grow th rate of duck l ings, they seem to 
be able to compensate, and reach the 
sam e adu lt mass even in 'bad' years.

Tarsus

The ta rsus  of P in ta il  duck l ings  was 
a lready  w e l l  deve loped at ha tch ing  
(51.4% of its f ina l length), grew fast 
during the f irs t 20 days, and reached its 
f ina l size around 40 days. It is usual in 
w a te r fow l that the ta rsus grows very 
quickly: W e lle r (1957); Dzubin (1959); 
Kear (1970) and Pengelly & Kear (1970) 
a l l  found tha t in diving Aythya species 
the  ta rs u s  reaches its fu l l  length  
between six and e ight weeks, wh ich  has 
been viewed as an adaptat ion fo r  life on 
w a te r  (Kear 1970). In addition, since 

young duck l ings  are not able to fly, a 
rapid grow th of the ta rsus  could also be 
a way of increasing diving and sw im -
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m m g abi l i ty , hence the chance of 

escaping predators.
Males born in 1998 had longer t a r ­

sus than males born in 1999, which 
m igh t be due to a d ifference in the year, 
a lthough the possib il ity  of an observer 
effect cannot be excluded (observers 
differed between 1997-98 and 1999). 
However, year had a m in o r  effect on 
age e s t im a t io n  a f te r  ta rs u s  length  

m easurem en t since, fo r  the same ta r ­
sus length, the d ifference between the 
ages of males born in 1998 and 1999 
only co rre sp o nd s  to 1.1 day+0.1SE, 

n=15.

Bill

The pattern of b i l l  growth is very d i f ­
ferent fo r  length, w id th  and height. The 
bill, one of the ear l ies t s truc tu res  to 
develop in birds, is a lready w e l l  grown 
at hatching. B il l  w id th  had a s low er re l ­
ative growth than length in th is  study, 
as shown by Gille & Salomon (1999) in 
Pekin Duck Anas p la tyrhynchos  f. 
domestica  and Muscovy Duck Cairina 
moshata  f. domestica. These au thors  
suggested that the delayed growth of 
length vs. w id th  resu lted from  a devel­
opm en ta l  constra in t.

Males born in 1998 had s l igh t ly  la rg ­

er b i l ls  than males born in 1999, but 
o the r b i l l  pa ram ete rs  did not differ. An 
observer effect also may be invoked to 
explain such in te r -a n nu a l  d ifferences 
but, once again, year had a m in o r  effect 
on age estim at ion  a fte r  b i l l  w id th  m ea ­
su rem en t since, fo r the same bi l l  w idth, 
the d ifference between the ages of 
males born in 1998 and 1999 only co r­

responds to 0.8 day±0.2 SE, n=18.

Wing

The w ings  are sm a l l  at hatching 
(wing length only 13.1% of its adult 
size), but w ing growth is very fast when 
p r im ary  rem iges s ta r t  to develop, a fte r 

10 days. At the  age of 53 days, w ing 
length of P in ta il  duck l ings  is 95.6% its 
f ina l  size, and birds s ta r t  to make short 
f l ights. Kear (1970) also reported that 
Tufted Ducks were capable of short 
f l igh ts  before the w ings  are fu l ly  grown. 
Wing leng th  reached a d u l t  s ize at 
around 65 days.

Age and sex determ ination from m or­
phometric measurements

A lthough the sam ple  size was sm a l l  
(23 duck l ings ) ,  the g row th  cu rves 
de te rm ined  in th is  study can provide a 
too l fo r  de te rm ina t ion  of the age of 
P inta il  duck l ings, wh ich  should be p re ­
cise s ince the g row th  of a l l  
m o rp h o m e tr ic  charac te rs  was rapid. 
The periods of fast grow th do not occur 
at the same age fo r  a l l  characters . It is 
thus necessary to have several re fe r ­
ence curves and to measure several 
cha rac te rs  to be able to de te rm ine  
ages of duck l ings  during th e ir  whole 

period of g rowth. Tarsus length and bil l  
c h a ra c te rs  develop e a r l ie r ,  w h ich  
a l low s precise age de te rm ina t ion  of 
very young duck l ings, during th e ir  f i rs t 

two weeks of age (tarsus <50 mm , bill  
length <35 mm). Growth rates of these 
c h a ra c te rs  subse q u e n t ly  dec l ines , 

wh ile  w ing length and body mass con­
tinue to increase un ti l  65 and 55 days,
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respectively, the age at w h ich  adu lt va l ­
ues are reached. The fact that w ing 
length increases during a long period 
makes it a more convenient way of 
de te rm in ing  the age of p in ta i l  du ck ­

l ings  than body mass, a l th o u g h  
m e a s u re m e n ts  of both ch a ra c te rs  
wou ld  a l low  more precise age d e te rm i­
nation. Age de te rm inat ion  a fte r  65 days 
does not seem to be possible from  the 
m o rp h o m e tr ic  charac te rs  measured in 
th is study.

S ign i f ican t  d if fe rences  between 
males and fem a les  were observed quite 
soon in the growth period of p intai l  
duckl ings, but overlap was cons ider­
able. The present data do not a l low  to 
provide accurate keys to de te rm ine  the 
sex of P inta il  duck l ing  from  m o rp h o ­
m e tr ic  data. A la rger data set m igh t 
a l low  ca lcu la t ion  of the probabil i t ies of 
male and female m easu rem en ts  d i f fe r ­
ing at each stage of growth, but the 
s im i la r i ty  between m easu rem en ts  of 
the two sexes suggests tha t cons ider­
able overlap wou ld  be found even with 
large samples. The co lour of the specu ­
lu m  is the m os t re l iab le  way of 
de te rm in ing  the sex of P inta il  d u ck ­
l ings over 30 days of age.

Plumage development and determ i­
nation of age at a distance

It is not always p rac t ica l to catch 
duck l ings  fo r  m o rp h o m e tr ic  m easu re ­
ments. P lum age appearance can be a 
valuable source of in fo rm a tion  to d e te r ­

mine th e i r  age, since there  is no m a jo r 
d ifference between p lum age grow th in 
males and females. This s tudy provides

precise data on the date of appearance 
of the main fea thers  (sum m arised  in 
Appendix 2), allow ing  a more accurate 
de te rm inat ion  of age than previous re f­
erences wh ich  gave a set of age classes 

(eg Gollop & Marshall ,  1954 in: Sudgen 
1973).

P lum age developm ent occurs over a 
long period: the f i rs t  fea thers  appear at 
the age of two weeks, and P inta il  get 
th e ir  juvenile p lum age between three 
and a half to fou r  m onths.

W elle r (1957) compiled data fo r  the 
age of f ledging in a variety of North  
A m er ican  ducks, especially  Pintail : 38- 
52 days in Hochbaun (1944), 42 days in 
Dzubin (1952) and 49 days in 
S tresem ann (1940). This is sooner than 
P intails  in th is  study, w h ich  started fly­
ing at about 52 days of age. Lack (1968 
in: Pengelly & Kear 1970) suggested 
tha t f ledging periods are positively c o r ­
related w ith  incubation periods. Thus 
Blue Duck have an incubation period of 
31-32 days (Del Hoyo ef al. 1992) and 
f ledged be tw een 70 and 77 days 
(Pengelly & Kear 1 970), Malla rds w ith  
an incubation period of 27-28 days (Del 
Hoyo et al. 1992) fledged around 63 days 
(O.N.C. 1982) and, consequen tly , 
P inta ils  w ith  a 22-24 days incubation 
period (Del Hoyo ef al. 1992) f ledged at 
50-52 days.

The rapid grow th rate of Anatidae, in 
com par ison to o the r  precocia l birds of 
s im i la r  size, has a lready been noted 
(Ricklefs 1973) and a tt r ibu ted  to high 

seasona l food ava i lab i l i ty  and sho rt  
breed ing  seasons  (eg Lesage & 
Gauthier 1997). The d ifferent m o rpho -
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m etr ic  charac te rs  do not grow at the 

same rate during the d ifferent develop­
m en t stages. As a consequence, no 
s ingle cha rac te r  can be used to age 
birds between hatching and fledging, 
but a set of charac te rs  can provide p re ­
cise age de te rm ina t ion  at any stage. 
Few stud ies have docum ented  both 
m o rp h o m e tr ic  m e a s u re m e n ts  and 
p lu m a g e  appearance  in d u c k l in g s  
(Weller 1957; Kear 1970; Pengelly & 
Kear 1970; O.N.C. 1982], and th is  had 
never been done fo r  the N o r th e rn  
Pintail . By presenting these two types 
of data, ou r  study provides reference 
values tha t could be usefu l fo r  fu tu re  
research involving age de te rm inat ion  of 
A. acuta  duckl ings.
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Appendix 1. P aram ete rs of G om pertz regress ions fo r the ducklings. 
1-117 days, see Figure 1.

r 2 F P a b ^0 >0

Males Body m ass 0.9508 1528.35 <0.0001 731 -22±6.18 9.46±0.47 12.3U 0.35
Tarsus length 0.9655 1429.81 <0.0001 27.84±0,06 5.54±0.32 6.79±0.48 25.87±1.02
Wing length 0.9945 9345.26 <0.0001 241 69±2.16 11.01 ±0.26 22.09±0.23 35.98±1.74
B ill leng th 0.9918 8047.96 <0.0001 50.59±0.14 10.92±0.19 2.72±0.13
B ill w id th 0.9804 3763.53 <0.0001 18.46±0.04 9.19±0.21 -2.20±0.21
B ill he ight 0.9355 2235.94 <0.0001 20.43+0.10 9.58±0.32

Fem ales Body Mass 0.9811 4110.18 <0.0001 673.84±3.41 10.14±0.29 11,52±0.21
Tarsus length 0.9566 1132.88 <0.0001 25.59+1.32 5.55±0.37 5.76±0.63 25.50±1.29
W ing length 0.9963 13977.38 <0.0001 229 47±1.71 10.57±0.20 20.47±0.19 34.68±1.42
B ill leng th 0.9866 5056.60 <0.0001 47.38±0.15 10.40±0.23 1.80±0.16
B ill w id th 0.9655 2114.72 <0.0001 17.60±0.04 8.75±0.26 -284±0.28
B ill he ight 0.9268 976.88 <0.0001 19.49±0.10 8.94±0.43 -1 .12±0.38

1-30 days, see Figure 2.

ή F P a b *0 V0

Males Body m ass 0.9580 1988.50 <0.0001 689.73±26.40 10.13±0.64 12.64±0.51
Tarsus length 0.9600 1137.04 <0.0001 6.41 ±0.81 4.55±0.31 7.25±0.29 27.72±0.64
W ing length 0.9652 1315.16 <0.0001 287.82±55.41 14.89±2.48 24.99±2.71 30.97±2.81
B ill leng th 0.9774 2051.17 <0.0001 34.61 ±1.92 7.85±0.58 7.07±0.59 12.01 ±1.44
B ill w id th 0.9697 1464.40 <0.0001 11,25±0.77 6.24±0.47 4.70±0.72 7.06±0.68
B ill he ight 0.9560 1031.70 <0.0001 11.97±0.88 6.31 ±0.58 5.52±0.76 7.09±0.75

Females Body m ass 0.8558 567.82 <0.0001 594.83±44.39 10.33± 1.25 12.70±0.99
Tarsus length 0.9372 549.13 <0.0001 24.95± 1.05 4.26±0.41 7.04±0.39 26.87±0.84
W ing length 0.9562 809.26 <0.0001 285.76±66.90 14.76±3.19 24.17±3.24 29.2U 3.92
B ill leng th 0.9779 1638.78 <0.0001 31.43±1.59 6.97±0.52 7.33±0.51 13.0U1.20
B ill w id th 0.9417 577.43 <0.0001 11.49±1.42 6.24±0.77 4.14± 1.30 6.28± 1.28
B ill he igh t 0.9538 758.39 <0.0001 10.78±0.58 5.28±0.48 6.29±0.52 7.69±0.48
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Appendix 2. Key of p lum age c rite ria  a llow ing de te rm ina tion  of the age of P in ta il duck lings  in the fie ld.

Scapu la rs non vis ib le (only down) 

S capu la rs v isible:

UNDER 13 DAYS 

—> 2

Tectrices of the chin and lore non visible: 

Tectrices of the chin and lore v isible:

13-17 DAYS 

-»3

P rim ary  and secondary rem iges non visible,

no th ro a t and breast tec trices : 17-20 DAYS

One of the above fea the r types vis ib le: —> 4

Head, be lly and fla n k  tec trices  non vis ib le: 20-21 DAYS

One of the above fea the r types vis ib le: —» 5

P rim a ry  and secondary coverts non vis ib le: 21-24- DAYS

E ithe r p rim ary  o r secondary coverts vis ib le: —> 6

S pecu lum  and u p p e r-ta il coverts non vis ib le: 24-25 DAYS

E ithe r specu lum  o r up p e r-ta il coverts vis ib le: 7

C rura l, back and rum p fea thers  non vis ib le: 25-31 DAYS

One of the above fea the r types vis ib le: 8

Head and neck only pa rtia lly  feathered: 

Head and neck com plete  feathered:

31-35 DAYS 

9

N on-fly ing  bird:

B ird capable of at least sho rt fligh ts :

35-51 DAYS 

H> 10

10. U pper parts  of w ings only pa rtia lly  feathered: 51-53 DAYS

U pper parts  of w ings com plete ly  fea thered: = *  11

11. Back only pa rtia lly  feathered:

Back com pleted feathered:

53-76 DAYS 

12

12. Juvenile p lum age not com pleted:

Juvenile p lum age com pleted:

76-110 DAYS 

OVER 110 DAYS


