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This  study examined the incubat ion behaviour of Greater Scaup Aythya 

marita  on the Y ukon-K uskokw im  Delta, A laska. The goals of the study 

w ere  to descr ibe  the incubat ion  behaviour of Greater Scaup in te rm s  of 

incubat ion constancy, recess f requency  and recess length. The use of 

endogenous reserves by Greater Scaup was examined by de te rm in in g  

w e ig h t  loss over the incubat ion period. Further , in t raspec if ic  varia t ion  in 

incubat ion constancy w as considered in te rm s  of hypotheses regarding 

t im in g  of reproduct ion . Constancy (% t im e  on nest] averaged 59% during 

egg laying and increased to 83% during  incubation. Patterns of daily incu

bation constancy varied among females, with no overall trend. Females took 

an average of 4.3 recesses per day, with an average length of 57 minutes. 

Body mass declined by 6. 4 g day-1 and females initiating nests later tended 

to be lighter. These data suggest that while Greater Scaup utilise some stored 

reserves during incubation, they probably meet most of the ir  energetic 

demands by foraging dur ing incubation recesses. These data are not cons is 

ten t w ith  the hypothesis  tha t fem a les  are in it ia t ing nests before adequate 

fo rage is available  in the  spr ing  to m eet the dem ands of egg product ion 

and main tenance. Thus, the observed delay in the onset of nesting by 

Greater Scaup, relative to o th e r  s y m p a tr ic  nesting species, does not 

appear to be re lated to inadequate forage to m eet n u t r i t io n a l  re q u i re 

ments .

Key Words: incubation behaviour, incubation constancy, nest attentiveness, exogenous 

resources, body condition, weight loss
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In many cases, w a te r fo w l breeding 

at high la t i tudes rely on stored reserves 

to produce eggs. However, available 

reserves m us t be part it ioned between 

investm ent in eggs and re tention fo r  

use during incubation as fem ale  w a te r 

fow l typically rely on stored reserves to 

meet a port ion of th e ir  m a intenance 

requ irem ents  dur ing  incubation (Afton 

& Paulus 1992; Erikstad et a l . 1993). 

Given tha t reserves are used during 

incubation and assum ing  tha t some 

forage is available to females, it has 

been suggested tha t  fem ales can m o d 

ify th e ir  w e igh t loss by adjusting the ir  

in cu b a t io n  con s ta n cy  (M a l lo ry  & 

W eatherhead 1993). In support  of this 

hypothes is , A fton  & Pau lus  (1992) 

report  a positive re la t ionship  between 

incubation constancy and w e ight loss 

a m ong w a te r fo w l  species. Selection 

pressures in f luencing t im ing  of rep ro 

duction probably in f luence th is  t ra d e 

off. That is, in o rde r  to optim ise rep ro 

ductive output, som e w a te r fo w l (eg a rc - 

t ic -nes t ing  geese) may begin breeding 

before forage is available to incubating 

fem ales (Raveling 1979; S ed inger & 

Raveling 1986). Accordingly, there may 

be a negative re la t ionsh ip  between t im 

ing of nest in i t iation and the quanti ty  of 

reserves required to support  fem ales 

d u r in g  in cuba t ion .   E a r ly -nes t ing

fem ales  must, therefore, rely on stored 

reserves, w h e re a s  la te r -n e s t in g

fem ales  can uti l ise available exogenous 

resources to a g rea te r  extent. Raveling 

(1979) noted tha t available forage for  

geese becam e progress ive ly  m ore  

abundant during incubation. In th is  s i t 

uation, nest a ttendance patte rns w ould  

probably change as incubat ion  p ro 

gresses. Early in incubation, nest a t ten 

dance and associated mass loss should 

be high as there is l i t t le  benefit  in 

attempting to forage. Conversely, later in 

incubation, when forage is more abun

dant, females might reduce fu r ther  mass 

loss by reducing nest attendance and 

spending more t ime foraging (Afton & 

Ankney 1991).

Reducing nest attendance is a s t ra t 

egy tha t m igh t a l low  fem ales to m a in 

tain body condit ion during incubation. 

However, the re  is likely to be a cost 

associated w ith  reduced nest a t te n 

dance. H igh incuba t ion  cons tancy  

a llows fem a les  to mainta in favourable 

e n v iro n m e n ta l  cond it ions  w ith in  the 

nest, w h ich  enhances egg-ha tchab il i ty  

[Afton & Pau lus 1992). Addit iona l ly , 

fem ales  tha t  are more attentive to the 

nest may have sh o r te r  incubation pe r i

ods (A ldrich & Raveling 1983; Wilson & 

Verbeek 1995; Zicus e t a l. 1995), th e re 

by reducing the exposure of eggs to 

predation. Furtherm ore , Swennen et al. 

(1993) report that a m a jo r i ty  of egg loss 

in C om m on Eiders Somateria m o l l iss i

ma  occurs dur ing incubation recesses, 

and it has been suggested tha t fem ales 

t im e  incubat ion recesses to m in im ise  

exposure  to p reda t ion  (Afton 1980; 

Hohman 1986; Swennen et at. 1993). 

Given tha t  gu l ls  appear to be an im p o r 

tan t p reda to r  in th is  s tudy area (PL. 

Flint, unpublished data), egg loss may 

be a s ign i f icant cost of low nest a t te n 

dance. The combination of these costs 

to incubat ing fem ales  has led to the
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suggestion tha t incubation behaviour is 

a t ra d e -o f f  between loss of body condi

tion, main tenance of egg v iab i l ity and 

risk of predation (Thompson & Raveling 

1987; Afton & Paulus 1992).

Greater Scaup Aythya m a r ila nest 

re la t ive ly  late, co m p a re d  to o th e r  

w ate r fow l,  on the Y ukon-K uskokw im  

Delta, A laska (P. L. Flint, unpublished 

data). Further, they lay la rge c lu tches 

of large eggs (Flint & Grand 1999a). 

Total c lu tch vo lum es of Greater Scaup 

exceed those of B lack B ran t Branta  

bernicla nigricans  and approach vo l

um es of Lesser  Snow Geese Anser  

caerulescens caerulescens  (Ankney & 

Bisset 1976; Flint & S edinger 1992; 

Flint & Grand 1999a). The combination  

of late nesting and high investm ent in 

c lu tches  leads to the hypothesis tha t 

Greater Scaup rely heavily on exoge

nous resources fo r  the product ion of 

eggs. Accord ing ly, a s im i la r  use of 

exogenous resources dur ing  incubation 

was predicted. Specifically, th is  p red ic

tion im p lies  tha t  Greater Scaup w i l l  

have relatively low nest a ttendance and 

show  li t t le  change in m ass th rough  the 

incubation period.

The goals  of th is  s tudy w ere  to 

describe the incubation behaviour of 

Greater Scaup in te rm s  of incubation 

constancy, recess frequency and recess 

length, and to com pare  th is  w ith  the 

behaviour of o the r  species of ducks; 

fu r th e r ,  to d e te rm in e  the  use of 

endogenous reserves by Greater Scaup 

by examining w e ight loss over the in cu 

bation period; and finally, to examine 

in t ra s p e c i f ic  va r ia t ion  in incuba t ion

co ns tancy  in te r m s  of hypo theses  

regarding t im in g  of reproduct ion and 

use of endogenous reserves.

Methods

The study w as conducted along the 

lo w e r  K a sh u n u k  River d ra inage  

(6 Γ 2 0 ’Ν, 165°35'W) on the ou te r  coastal 

f r in g e  of the Yukon Delta N a t io n a l  

Wild li fe Refuge, A laska. The study area 

was described in deta i l  by Grand et al. 

(1997). The study area was searched on 

foot beginning as soon as egg laying 

was detected, and nests were m arked 

and mapped as described by Grand & 

Flint (1997).

In 1999, incubat ion behaviour was 

m on ito red  using a r t i f ic ia l  eggs w ith  

in te rna l th e rm is to r  probes attached to 

a single channe l data logger, s im i la r  to 

those described by Flin t & MacCluskie 

(1995). The art i f ic ia l  eggs were placed 

in the nests when the nest was found, 

usually during laying, and the nest te m 

perature  (±0. 2 °C) w as  recorded every 

five m inu tes .  A l l  data p r io r  to and 

inc lud ing the day the last egg was laid 

w ere  exc luded f r o m  the  incuba t ion  

period analyses.

Incubation recesses were defined as 

beginning at any t im e  the nest te m p e r 

ature declined by >2. 5 °C in three su c 

cessive tem p e ra tu re  records (elapsed 

t im e  15 minutes) and the recess ended 

w hen  the te m p e ra tu r e  began to 

increase. To account fo r  egg ro lling and 

s h o r t  s tand ing  breaks, any b reaks  

when the m in im u m  te m p e ra tu re  was 

m ore  than the mean incubation te m 
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pe ra tu re  (ca lcu la ted  fo r each nest) 

m inus  the standard deviat ion divided by 

1. 5, o r  if the m a x im u m  tem pera tu re  

drop was less than the standard devia

tion divided by 1. 5, were not included. 

Thus, breaks w ere  defined as t im es 

w hen  nest te m p e ra tu r e  dropped 

beyond the n o rm a l  range of variation 

observed du r in g  per iods  w hen  the 

fem ales were on the nest. Given these 

cri ter ia , nest te m p e ra tu re  records were 

examined to est im ate  the to ta l t im e 

spent on nests and the recess cha rac 

te r is t ics .  Daily incuba t ion  constancy 

was calculated as the proportion of 

each day spent on the nest.

In a series of concu rre n t  s tudies on 

survival and re-nesting  propensity of 

G rea te r  Scaup, f ro m  1994 to 1999 

fem ales  were trapped on th e i r  nests at 

various stages of incubation. At cap

ture, a l l  fem ales  were weighed to the 

nearest 10g. Eggs w ere  ca n d led to 

de te rm ine  the stage of incubation for 

cap tu red  fe m a le s  (W el ler 1956). 

A m b ie n t  te m p e ra tu re s  (+0. 2°C) were 

recorded hourly at a shaded location 

adjacent to the study area.

Analyses

Analyses of covariance (ANCOVA) 

were used to conduct five separate 

analyses regarding variation in incuba

tion param eters :  (1) variation in daily 

incubation constancy was examined in 

re la t ion  to day of incuba t ion  w ith  

fem ales as a fac to r  and day of incuba

tion as a covariate; (2) variation in daily 

recess frequency was examined w ith  

fem ales as a fac to r  and day of incuba

tion as a covariate; (3) varia t ion  in 

leng th  of incuba t ion  recesses was 

examined w ith  fem ales and hour as 

factors  and am b ien t tem p e ra tu re  and 

day of incubat ion as covariates; (4) v a r i

ation in nest cooling during recesses 

was examined w ith  fem ales as a fac tor 

and day of incubation, recess length 

and am bien t tem p e ra tu re  as covari

ates; and (5) w e igh t change dur ing 

incubation was examined w ith day of 

incubation as a fac to r  and year and in i

t iation date as covariates. A ll  f i rs t  order 

in te ra c t io n s  betw een fa c to rs  and 

covariates w ere  included in each of 

these ANCOVA analyses, but non-s ig -  

nif icant in te ract ions were sequentia lly  

removed f ro m  the f ina l m ode ls  based 

on type III results. A l l  analyses were 

conducted  using SAS (SAS Inst itu te  

1990) and means are presented ±S. E.

Results

A to ta l of 280 incubation days fo r  21 

hens and 53 laying days fo r  15 hens 

were mon ito red  (Figure 1). Incubation 

constancy averaged 59±0. 04% during 

the laying period and 83+0. 01% during 

the incubation period. The re lationship 

between daily incubation constancy and 

day of incubation varied among fem ales 

(F2o 256=2-30, P<0. 0016, Figure 1) and 

w ith  nest in it iation date (P-j 256=6. 13, 

P<0. 0001). Recess frequency averaged 

4. 28+0. 11 d a y 1 but f requency varied 

am ong  fe m a le s  (̂ “ 21, 2 5 Λ=^--^8,

P<0. 0001). Average recess length was 

56. 7±1. 5 m inutes. Length of incubation 

recesses varied a m ong  fe m a le s
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(F2i i 1 -]6=1. 86, P<0. 01). Recess length 

also varied w ith  t im e  of day, w ith  longer 

b reaks taken  in the  ear ly  m o rn in g  

ho u rs ;  however, th is  re la t io n sh ip  

changed  as incu b a t io n  p rogressed  

(F23 1116=1. 72, P<0. 01). The length of 

incubation recesses did not vary w ith  

a m b ie n t  te m p e ra tu r e  (Fi n i6 = 1 6 ,  

P<0. 69). The am o u n t of nest cooling 

experienced dur ing  recesses also did 

not vary w ith  a m b ie n t  te m p e ra tu re  

[F ! 1120=0-29, P<Q. 59) but the in f luence 

of recess leng th  on coo ling  varied 

a m o n g  fe m a le s  (F2i 1 1 20= ̂  5-63, 

P<0. 0001). A m b ien t te m p e ra tu re s  va r

ied d iu rna l ly  f rom  an overn ight low of

7. 4+0. 4 °C to 15. 4±0. 4 “C in early a f te r 

noon.

Body m ass decreased w ith  day of 

incubation at an average rate of -6 . 36g 

per day but the s lope of th is  re la t ion 

ship varied am ong years [F5 25o=5. 1, 

P=0. 0002, Figure 2) between +5. 3g per 

day in 1996 and -8 .  0g per day in 1997. 

Body m ass also decreased w ith  in i t ia 

t ion date at a rate of -4 .  66g per day 

(Fi 250=33. 15, P<0. 0001), and th is  pa t

te rn  w as co n s is te n t  am ong  years 

(F5, 240=0-7, P>0. 62).

Figure 1. Relationships between nest age and incubation constancy for  20 Greater Scaup females on the 

Yukon-Kuskokw im  Del ta, Alaska, in 1999. Individual lines represent data fo r each female. Length of line 

indicates the nu m ber of days sampled.



Discussion

The average incubat ion constancy 

that was m easured  (83%) is w ith in  the 

range repo r ted  by A f ton  & Pau lus 

(1992) fo r  34 w a te r fo w l  species and is 

very s im i la r  to the average tha t they 

reported fo r  Lesser Scaup Aythya a ff i 

nis. However, th is est imate  is cons ider

ably lower than tha t  fo r  sym patr ic  nest

ing Spectacled Eiders Somateria fis- 

cheri (90%) (Fl int &  Grand 1999b) and 

C om m on Eiders (96%) nesting in Maine 

(Korschgen 1977). Accordingly,  Greater 

Scaup lose about 6. 4g per day c o m 

pared to 5. 3g per day fo r  Lesser Scaup, 

w ith  both of these species losing about 

20% of th e i r  in i t ia l  m ass  (Afton & 

Ankney 1991). This p ropor t iona l  we igh t

loss is at the high end of the range that 

Afton & Paulus (1992) report fo r  diving 

ducks. C ons is ten t  w i th  in te rspec i f ic  

va r ia t ion  in incuba t ion  constancy, 

Greater Scaup lose considerably  less 

we igh t than Spectacled Eiders (16. 5g 

day, 26% of in i t ia l mass), C om m on 

Eiders (23g per day, 33% of in it ia l mass) 

o r  King Eiders  Somateria spectabilis  

( 14-. 8g per day, 24% of in it ia l mass) 

(Korschgen 1977; Kellet & A l isauskas 

1997; Flint & Grand 1999b). Overall, 

these data suppor t  the hypothesis that 

Greater Scaup rely heavily on endoge

nous resources to meet the i r  energet ic  

dem ands dur ing incubation.

There w as a negative re lationship  

between nest in it ia tion date and body 

we igh t at capture, a f te r  contro l l ing  fo r  

stage of incubat ion. This supports  the

76 Greater Scaup incubation behaviour

Figure 2. Relationship between hen weigh t at capture and nest age fo r  Greater Scaup nesting on the 

Yukon-Kuskokw im  Delta, Alaska. Individual lines represent regressions for each year (1994. -1999). Nest 

age is days since the laying of the f i rs t egg. Assuming one egg laid per day, on average, incubation s tar ts  

at a nest age of eight days.
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idea th a t  ea r ly -n e s t in g  fe m a le s  are 

beginning incubation before adequate 

forage is available to m eet th e i r  daily 

re q u i re m e n ts .  Hence, e a r ly -n e s t in g  

fe m a le s  re ta in  la r g e r  reserves. 

However, under th is  scenario, a con

cu rren t  negative re la t ionsh ip  between 

nest a t tendance and stage of incuba

tion w ou ld  also be expected. These 

data ind ica te  s u b s ta n t ia l  a m o n g -  

fem a le  va r ia t ion  in the  re la t io n sh ip  

between stage of incubat ion and nest 

a ttendance, w ith  no overa l l  pa tte rn  

indicating a decline (Figure 1). Further, 

Greater Scaup lay large c lu tches of 

large eggs given th e i r  body size (Flint & 

Grand 1999a), making it unlikely that 

these clu tches are produced entirely 

from endogenous reserves. Accordingly, 

in spite of the negative re la t ionship  

between weight and nest initiation date, 

Greater Scaup do not appear to be in i t i 

ating nests p r io r  to the availabil ity of 

adequate forage to m eet at least a p o r

tion of th e i r  daily requ irem ents .  This  is 

s im i la r  to the conclus ion of Afton & 

A n k ney (1991 ) fo r  Lesser Scaup w h e re 

by fem ales  delay nest in i t ia tion un t i l  

adequate forage is available.

S im i la r  to the resu lts  of som e o the r  

s tud ies , th e re  w as  no re la t io n s h ip  

between recess length o r t im ing  of 

recesses and am b ien t tem p e ra tu re  

(Thompson & Raveling 1987; MacCluskie 

& Sedinger 1999). Likewise, nest cooling 

was not related to ambient temperature. 

However, nest cooling was related to 

recess length, suggesting th a t  longer 

recesses may be m ore  costly in te rm s  

of egg development. While Greater and

Lesser Scaup have s im i la r  incubation 

constancy, Greater Scaup take about 

tw ice as many breaks of sh o r te r  d u ra 

tion (Afton & Paulus 1992). This d i f fe r 

ence in behaviour m ay be an adaptation 

to m in im ise  the a m o u n t of egg cooling 

tha t occurs  on a given recess because 

Greater Scaup nesting on the Yukon- 

Kuskokw im  Delta are exposed to lower 

average a m b ie n t  te m p e ra tu re s  than 

Le sse r  Scaup nes t ing  in Manitoba. 

However, ind iv idua l fe m a le s  do not 

appear to a l te r  th e ir  behaviour in re la 

tion to am b ien t condit ions. A tra d e -o f f  

m ay the re fo re  exis t between tak ing  

longer breaks, fo r  the fem ale  to m a in 

tain her  condit ion, and exposing eggs to 

cooler tem pera tu res , w h ich  may in f lu 

ence egg viabili ty o r  prolong egg devel

opm en t t im e  (Aldrich & Raveling 1983; 

W ilson & Verbeek 1995; Zicus et ai. 

1995).

S im i la r  to the f ind ings of Flint & 

Grand (1999b) and M a cC lusk ie  & 

Sedinger (1999), the re  was cons ider

able indiv idual variation in incubation 

behaviour. The re la t ionsh ip  between 

daily incubation constancy and day of 

incubation varied am ong females. T ime 

spent on nests increased as incubation 

p rogressed  fo r  s o m e  fem a les ,  but 

decreased for  o thers  (Figure 1). The 

pa tte rns  observed re lative to day of 

incubation fo r  daily incubat ion cons tan

cy, recess length, recess frequency and 

nest cooling a l l  varied among females. 

Similar ly, pa tte rns of variation in mass 

loss d u r ing incubat ion varied among 

years. Annua l and loca l variation in 

body m ass dynam ics have been related
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to variation in forage availabil ity (Harvey 

et al. 1989; Z icus  & Riggs 1996). 

O 'Connell (2001) docum ented  variation 

in in ve r te b ra te  a b u n dance  by date, 

among habitat types and across years 

on o u r  s tudy area. Thus, ind iv idual 

fem ales  are probably adapting the ir  

incubation behaviour in re lation to th e ir  

body condit ion and localised variation 

in forage availabili ty. They may also be 

ad just ing  th e i r  incubat ion  behaviour 

based on r isk  of predation or part ia l 

c lu tc h  loss. These data su p p o r t  

MacCluskie & Sedinger's  (1999) asse r

tion that th is  in traspec if ic  variation is 

the resu lt  of indiv idual op tim isa tion  of 

incubation behaviour in re lation to such 

fac to rs  as body condit ion, nes t-s i te  

m ic ro c l im a te  and ava ilab le  food 

resources.
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