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Nest insulation and incubation constancy of arctic geese

Introduction

P roper and tim ely developm ent of avian 
em bryos depends upon m aintenance of 
incubation tem pera tu res w ithin relatively 
narrow  limits (e .g . Lundy 1969; D ren t
1975). For many birds, especially species 
nesting in cold env ironm ents, insulation of 
nests conserves heat transferred  to  eggs and 
minim ises the cost o f incubation to  paren t 
birds. V arious species of birds nesting at 
high elevations o r la titudes have bulkier o r 
b e tte r insulated nests than close relatives 
nesting at low er elevations o r latitudes 
(Pearson 1953; C orley Smith 1969; Collias 
and Collias 1971; M 0ller 1984). F u rth ­
erm ore , the am oun t o f nest insulation may 
be negatively co rre la ted  with nest a tten tive­
ness (W hite and K inney 1974).

In m any species, the incubating bird 
leaves the nest for a period  (a recess) to 
obtain food and /o r engage in o th e r m ain­
ten an ce  ac tiv ities . N est in su la tion  can 
reduce the rate  o f heat loss from  eggs and 
thereby  increase th e  length of recess w ith­
ou t causing harm  to em bryos, and minimise 
the tim e and energy expended to  rew arm  
the eggs. Species w ith single-sex incubation 
tend  to  have large, well insulated nests 
com pared with species in which both sexes 
incubate on a ro tational basis (O ’C onner 
1978). It may there fo re  be expected that 
variation in the insulation of nests am ong 
sim ilar species in a given environm ent may 
be re la ted  to  d ifferences in incubation 
rhythm s. C onversely, predation  may limit 
nest insulation by selecting for cryptic nests

as be tte r insulated nests may be m ore 
conspicuous (M 0 ller 1984).

In geese (A nserin i), only fem ales incu­
bate . N ests are  constructed  in shallow 
depressions on the ground which are usually 
lined with dry vegeta tion  collected from  the 
area im m ediately around  the nest (O w en
1980). Finally, the nest is lined with down 
and a few con tour feathers from  the breast 
of the fem ale. W hen leaving the nest, geese 
cover the ir eggs with a b lanket o f m aterial 
pulled from the lining of the nest.

Fem ale geese rely heavily on endogenous 
reserves to  sustain incubation (e.g . A nkney 
and M aclnnes 1978; R aveling 1979a, b) and 
are  ex trem ely  a tten tiv e  to  th e ir  nests 
(C ooper 1978; A ldrich and R aveling 1983; 
T hom pson and Raveling 1987). T here  is, 
how ever, considerable variation in patterns 
o f incu b a tio n . F o r exam p le . E m p ero r 
G eese A nser canagicus, C ackling C anada 
G eese Branta canadensis m in im a  and  Black 
B rant B. bernicla nigricans all nest on the 
Y ukon-K uskokw im  D elta  o f A laska, but 
exhibit a tw o-fold d ifference in recess 
lengths and a th irteen-fo ld  difference in 
recess frequencies, resulting in a tw enty­
fold difference in daily recess tim e betw een 
the least and m ost a tten tive species (Table 
1). These differences are thought to  be 
prim arily  re la ted  to  the abilities o f the 
different-sized goose species to repel dif­
feren t types o f p reda to rs  (T hom pson and 
R aveling 1987).

T here  are ev iden t differences in nest 
structure am ong E m pero r G eese , C ackling 
G eese and B ran t (Figure 1). B rant nests

Tabic I. Nest attentiveness of Emperor Geese, Cackling Canada Geese and Black Brant, from, 
respectively, Thompson and Raveling (1978), Aldrich (1983) and Thompson (unpubl.).

Species N

Total % time 
incubating 

(range)

Modal
recess 

length (min)

Mean 
recess 

length (min)

Mean
recesses 
per day

Mean 
recess 

time/d (min)

Em peror Goose 11 99.5 
(99.1 -  99.7)

8 13 0.5 7

Cacking Canada 
Goose

12 93.6 
(89.1 -  96.6)

15 26* 3.5* 92

Black Brant 4 89.6 
(87.3 -  94.9)

22 22 6.7 148

‘ Derived from published regression.
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Figure 1. Typical natural nests illustrating eggs exposed and covered o f Emperor Goose (a,b). 
Cackling Goose (c,d) and Brant (e,f).
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contain by far th e  grea test quan tities of 
dow n and  fe a th e rs , w h ereas E m p ero r 
G oose nests con tain  the least am ounts; the 
in term ed ia te  am ounts in C ackling G eese 
nests differ m ore from  B ran t than  from  
E m pero r G eese.

T he purpose o f th is study was to  com pare 
d ifferences in nest insulation quality  o f the 
th ree  species by m easuring the cooling rates 
o f eggs in th e ir nests, and to  re la te  those 
differences to  the incubation  constancy of 
each species. T he possible role o f p redation  
as an agen t selecting for differences in 
conspicuousness and  vulnerability  o f the 
nests was also considered.

Methods

Six nests each o f E m p ero r G eese , C ackling 
G eese and Black B ran t w ere collected , at 
K okechik Bay on the Y ukon-K uskokw im  
D elta , A laska , a fte r dep redation  la te  in 
incubation  o r a fter ha tch , to  be certa in  that 
little o r no m ore m ateria l w ould have been 
added . O nly nests judged  to  be relatively 
und istu rbed  by w ind o r p red a to rs  w ere 
tak en , and  re tu rn ed  to  the U niversity  o f 
C alifornia, D avis (U C D ), w here they  w ere 
w eighed to  the neares t gram  on an electric 
balance.

Eggs from  the th ree  goose species w ere 
em ptied  and then  refilled w ith paraffin. This 
gave eggs w ith heating  and  cooling p ro p ­
erties sim ilar to  those  of n a tu ra l eggs 
(Schw artz et al. 1977), bu t approxim ately  
15% less in m ass. T he paraffin  ten d ed  to 
expand upon heating  and  crack the shells 
o f eggs. D esp ite  th is p rob lem , eggs re ta ined  
the ir original mass and  shape and provided 
valid results for the  com parative purposes 
o f this study. C lutches w ere assem bled of 
6 eggs o f E m p ero r G eese , 5 o f Cackling 
G eese , and 4 o f B ran t. T hese w ere typical 
o f na tu ra l clutches and  eggs (T able  2).

T herm isto r p robes (YS1 m odel 400) w ere 
im plan ted  in 3 eggs o f each clutch by drilling 
a hole dow n th e  long axis to  the cen tre  o f 
each egg, inserting  the p robe , and  sealing 
it in place w ith m elted  paraffin.

E x p e r im e n ts  w e re  c o n d u c te d  in  a 
coldroom  at approxim ately  6°C, providing 
am bien t therm al conditions typical o f those 
a t K okechik Bay (E isenhauer and  K irk­
patrick  1977). E ach nest was arranged  in a 
5 cm deep  depression  in m oist sand o f the 
approxim ate natu ral dim ensions repo rted  
by M ickelson (1975). A lthough  the sand 
was d ifferent from  the m ateria l available to 
geese on the D e lta , it p rovided a s tandard i­
sed substrate .

C lutches w ere heated  in a drying oven at 
approxim ately  40°C until in ternal egg tem ­
p e ra tu re s  reach ed  approx im ate ly  38°C, 
close to  natu ra l incubation  tem pera tu res 
(D ren t 1975). T he clutch was then  im m edi­
ately placed in a nest and covered  w ith the 
nest lining from  th e  edges o f the nest bowl. 
C ooling o f eggs was then  m onito red  for 30 
m inutes using strip  chart reco rders con­
nected  to  the therm isto rs. A ir tem p era tu re  
in the coldroom  was sim ultaneously m ea­
sured  by a p robe  placed 10 cm from  the 
edge o f the nest. Individual eggs o f each 
species w ere placed in approxim ately  the 
sam e positions (F igure 2) in all tests to  
m inim ise the effect o f d ifferences am ong 
eggs. T hese positions sim ulated  those  in 
natu ral nests. E ach o f the 6 nests o f each 
species was tes ted  to  discern the effects o f 
nest insulation  relative to  the  com bined 
effect on cooling o f d ifferen t clutch and  egg 
sizes. T hus, each  E m p ero r G oose nest was 
tested  contain ing , in random  o rd e r , the 
clutches of E m p ero r G oose eggs, Cackling 
G oose eggs, and  B ran t eggs. E ach nest-egg 
com bination  was tes ted  in “calm ” air (no 
wind speed detec tab le  w ith a D w yer ane­
m om eter) and  w ith a 10 km /h air flow over 
the nest ( “w indy” ). T his was prov ided  by

Table 2. Sizes and masses of praffin-filled eggs in experimental clutches.

All eggs Thermistor-probed eggs
Mean Mean Mean Mean Mean Mean
egg egg egg egg egg egg

Species n mass (g) length (mm) width (mm) n mass (g)* length (mm) width (mm)

Em peror Goose 6 103 81 52 3 102 81 52
Cackling Goose 5 86 75 50 3 86 76 50
Black Brant 4 75 71 48 3 75 70 48

* Before insertion of thermistor probes.
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Figure 2. Arrangements of paraffin-filled eggs of Emperor Geese, Cackling Geese and Brant in 
experimental nests. Num bered eggs are those with therm istors. Arrows indicate direction of air flow 
over nests under windy conditions.

a standard  household  box fan p laced 50 cm 
from  th e  nest edge. E ach nest w as left 
em pty  of eggs fo r at least an ho u r betw een 
tests, adequa te  for nest and  substrate  to  
re tu rn  to  the am bien t tem p era tu re .

D ifferences am ong values o f initial egg 
tem p era tu res , egg cooling, coldroom  tem ­
pera tu res  and  nest m asses w ere investigated 
by A nalysis o f V ariation  (A N O V A ), and 
significance o f d ifferences betw een  m eans 
tested  by the T -m ethod .

Results

T he m ean m ass ( x ± s .e . )  o f B lack B ran t 
nests (3 8 .3 ± 2 .7  g) was significantly less 
th a n  th a t  o f  e i th e r  E m p e ro r  G o o se

(243 .2± 24.3  g) o r C ackling G oose nests 
(193 .2+ 42.0  g) (PcO .OO l), bu t d ifferences 
in m ass betw een the nests o f the la tte r two 
species w ere no t significant (P > 0 .0 5 ). The 
differences in mass w ere p rim arily  due to  
th e  varying am ounts o f vegeta tion  presen t 
(F igure 1).

M ean coldroom  tem p era tu re  during  tests 
was 6 .41±0.04°C  and did  no t vary signifi­
cantly during tests o f nest, egg or wind type. 
A verage initial tem p era tu re  o f eggs was 
38 .7± 0 .1°C , and  slight variations during 
tests fo r nest, egg o r w ind type o r egg 
positions w ere no t significant.

A N O V A  show ed th a t relative d iffer­
ences am ong nest types w ere the sam e 
regardless o f the species o f eggs they  con­
ta ined  (T able  3). V ariation  in cooling o f
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Figure 3. Combined average decrease in temperature o f eggs o f all species in the nests o f Emperor 
Geese, Cackling (ieese and Brant under windy (open circles) and calm (closed circles) conditions.
Bars represent 95% confidence intervals based on pooled standard deviations (N =  324 for all tests).

eggs (all spec ies th e re fo re  co m b in ed ) 
am ong nest types over the 30 m inute test 
intervals was significant w hen com pared 
betw een wind types (Table 3). T he differ­
en ce  in a v e ra g e  te m p e ra tu re  d ec lin e  
betw een w indy and  calm conditions was 
ap p rox im ate ly  th re e  tim es as g rea t in 
E m pero r G oose and  C ackling G oose nests 
as th a t in B ran t nests (F igure 3).

A N O V A  show ed th a t nest types and

wind conditions did no t significantly influ­
ence relationsh ips am ong species o f egg 
(T able 3). E m p ero r G oose eggs cooled 
significantly less (4 .0 9 + 0 .14°C) than  the 
eggs o f  e i th e r  C a c k lin g  G e e se  
(4 .5 4 + 0 .13°C) o r B ran t (4 .84± 0 .13°C ) 
(P<().0()1). T h e re  was no significant d iffer­
ence in cooling betw een the eggs o f C ack­
ling G eese and  B rant.

C ooling of eggs in d ifferen t positions in
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Table 3. ANOVA table for main factors and factor interactions in cooling of eggs involving nests of 
different species (“Nest”) and eggs of different species (“Eggs”) of Emperor Geese, Cackling Geese 
and Black Brant, windy and calm conditions (“Wind”), and different relative positions of eggs in 
nests (“Position” ) (see Figure 1 and methods).

Factor n* df F P

Nest 108 2 0.65 >0.5
Nest x  Egg 36 4 0.90 > 0.1
Nest x  Wind 54 2 7.44 < 0.01
Nest x  Position 36 4 1.33 > 0.1

Egg 108 2 12.39 < 0.01
Egg x  Wind 54 2 0.33 >0.5
Egg x  Position 36 4 1.58 > 0.1

Wind 162 1 90.26 < 0.01
W ind x  Position 54 2 23.90 < 0.01

Position 108 2 22.63 < 0.01

*Number of individual egg tem perature m easurements comprising each com pared mean.

nests varied  sim ilarly regardless o f species 
of eggs o r nest (Table 3). Eggs in the 
w indw ard (N o. 1) position (see Figure 2) 
cooled on average approxim ately  1.5°C 
m ore than  eggs in the o th e r tw o positions 
(F igure 4). T h e re  w ere no significant d iffer­
ences in cooling in the d ifferen t positions 
under calm  conditions.

Discussion

N est insulation

T he observation  th a t eggs u nder windy 
conditions cooled  approxim ately  15% less 
in the nests o f B ran t than  those in th e  o th er 
nests (F igure 3) a t least partially  supports 
the hypothesis tha t d ifferences in incuba­
tion constancy are  reflected in th e  insulative 
characteristics o f the ir nests. B ran t are by 
fa r th e  least a tten tive geese. T he  fact tha t 
there  w ere no significant d ifferences am ong 
nests u nder calm  conditions does no t neces­
sarily refu te  the hypothesis because calm 
conditions are  rare  on the A laska breeding 
grounds (personal observations over 13 
years). Indeed , w ind speeds o ften  exceeded 
th a t used in the experim ents. C onvective 
heat loss is apparen tly  a large fac to r con tri­
buting  to  the  cooling, as evidenced by the 
difference betw een w indy and calm con­
ditions, especially o f those eggs on the 
w indw ard side o f a nest.

E gg-covering behav iour w hen leaving 
th e ir nests is p revalen t in w aterfow l and 
reduces heat loss from  eggs (C aldw ell and 
C o rn w a ll 1975; C o o p e r  1978). T h e

presence o f dow n (abundan t in B ran t nests) 
is especially im portan t because of its ability 
to  " lo ft” , creating  spaces of still a ir tha t 
resist convective heat loss (W ainw right et 
al. 1976; H ansell 1984; C ollias 1986). In 
swan species, w here the sexes share  incuba­
tion , the eggs are  only briefly exposed. They 
tend  to  have little dow n in the ir nests 
(H ow ey et al. 1984; personal observations 
o f Cygnus colum bianus).

T he apparen t lack of difference in insula­
tive quality  betw een  nests o f C ackling 
G eese and  E m pero r G eese , despite  the 
large differences in incubation  constancy 
(T able 1), does not support the hypothesis. 
O th e r selection factors th a t affect nest 
insulation m ust therefo re  be considered.

Predation

Parasitic Jaegers Stercorarius parasiticus 
and  G laucous G ulls Larus hyperboreus are 
ever-presen t th rea ts to  un a tten d ed  eggs on 
the D elta . The nest m ateria l covering eggs 
while fem ale geese are aw ay may cam oufl­
age them  from  such visually searching p re ­
d a to rs  (B ro ek h u y sen  an d  F ro s t 1968; 
C o o p e r  1978). T h e  e f fe c tiv e n e s s  o f  
cam ouflage, how ever, is probably  related  
to  the am ount and co lour o f fea thers incor­
po ra ted  in to  the nest (M 0ller 1984). The 
dow ns o f E m pero r G eese (light grey), 
Cackling G eese (dark  grey) and B rant 
(dark  grey) differ considerably  from  the 
ad jacen t vegeta tion .

Selection for nest crypticity should be 
least in the B ran t. T hey nest colonially and 
the high concentration  o f  nesting birds
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Figure 4. Combined average decrease in temperature of eggs of all species (Emperor Goose, Cackling 
Goose and Brant) in different positions in nests (see Figure 2) of all species under windy (open circles) 
and calm (closed circles) conditions. Bars represent 95% confidence intervals based on pooled standard 
deviations (N =  324 for all tests).

w ould inh ib it p red a tio n  th rough  group 
d e fen ce  (e .g . W itte n b e rg e r  and  H u n t
1985). M ale B ran t and  C ackling G eese 
rem ain near th e ir nests while the fem ales 
are away (E isenhauer 1977; A ldrich  1983). 
T he flying agility o f these sm all goose 
species also assists in de terring  avian p re ­
dators. In con trast, m ale E m pero r G eese 
spend little tim e n ear th e ir m a te ’s nest and 
a re  relatively inefficient at de terring  avian 
p reda to rs  (T hom pson and R aveling 1987). 
T he nearly  con tinuous incubation by fem ale 
E m pero r G eese is the ir p rim ary  defence

against p redation .
In con trast to  the colonial B ran t, both 

o th e r species are dispersed nesters and thus 
may benefit m ore by concealing the ir nests. 
T he g rea te r am oun t o f vegeta tion  in ter­
spersed w ith less dow n, m akes their nests 
less conspicuous, at least to  hum ans, than  
those o f B ran t (Figure 1).

Egg size  and  num ber

A s larger and /o r m ore num erous eggs cool 
m ore slowly, the ir requ irem en ts fo r insula-
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tion  are  reduced . B ut these factors w ere 
only significant fo r the com parison  of 
E m pero r G oose eggs with those o f Cackling 
G eese and B ran t, and  no t betw een  the 
la tte r tw o species. T he dum m y eggs used 
in this experim ent had no in ternal heat 
so u rce  w h e re a s  n a tu ra l  eggs c o n ta in  
developing em bryos which produce heat 
and , th e re fo re , influence the ir cooling rates 
(W hite and K inney 1974). L arger em bryos 
produce m ore heat (D ren t 1970). T he aver­
age am ount o f recess by E m p ero r G eese, 
how ever, was only 8% and 4%  as m uch as 
Cackling G eese and B ran t, respectively, 
w hereas the cooling o f E m p ero r G oose 
eggs, a lthough significantly less, was still 
90%  and 85% th a t o f Cackling G eese and 
B ran t, respectively. O verall, th e re fo re , it 
seem s unlikely th a t the small d ifferences in 
egg cooling due to  d ifferent egg sizes and 
num bers w ere an im portan t fac to r in nest 
insulation.

Conservation o f  body heat

A nest can also reduce heat loss directly 
from  an incubating p a ren t's  body (C alder 
1973; W alsberg  and  King 1978a, b). T hus, 
small b irds, because of the ir h igher relative 
m etabolic dem ands, appear to  have b e tte r 
insulated nests than  larger birds (M öller
1984). This re lationship  is unlikely to  be a 
significant factor am ong the m uch larger 
geese th a t appear to  have only a small 
portion  o f the ir surface enclosed by the 
nest. R ew arm ing eggs rep resen ts a larger 
relative decrem en t to the energy balance of 
the sm aller geese. B u t, here  again , energy 
expended  rew arm ing eggs is m ore directly 
re la ted  to  the am ounts o f tim e spen t o ff the 
nest than  to  m etabolic d ifferences related  
to  body size.

Conclusion

D ifferences in insulative efficiency am ong 
goose nests are prim arily the result of

conflicting selective forces. T he need to  
minim ise egg cooling selects fo r abundan t 
insulation and is inversely re la ted  to  the 
constancy o f incubation . O n the o th e r 
hand , the th rea t o f avian p redation  limits 
the am ount o f fea thers by selecting for 
cryptic nests, and  is also re la ted  to the 
nesting p a tte rn  (colonial vs d ispersed) and 
defence capabilities o f d ifferen t species.
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Summary

Nest structure and the average proportion of time 
spent on nests by incubating geese on the Yukon- 
Kuskokwim Delta, Alaska, varies as follows: 
Black Brant Branta bernicla nigricans -  profuse 
down and feathers with little vegetation, and 
89.9% attentive; Cackling C anada Geese B. 
canadensis minima -  abundant down mixed with 
vegetation , and 93.6%  a tten tiv e ; E m peror 
Goose Anser canagicus-sp a rse  down and mostly 
vegetation, and 99.5% attentive.

The cooling of eggs in the nests of these species 
under ’‘calm '' and "windy" conditions was moni­
tored in a coldroom. Eggs in Brant nests under 
windy conditions cooled significantly less than 
those in Em peror or Cackling Goose nests. The 
larger and more num erous eggs of Em peror 
Geese cooled significantly less, but this is of lesser 
im portance than incubation constancy. The 
amount of insulation in a goose nest seems 
primarily the result of counteracting selection 
between the degree of egg cooling associated 
with incubation constancy, and the minimisation 
of avian predation on eggs through nest cryp- 
ticity. The colonial nesting of Brant and a ttend­
ance by males provide additional defence against 
avian egg predators.
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