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Trumpeter Swan nesting behaviour

Introduction

A know ledge o f  the  n o rm al p rogression  o f 
n est co n stru ctio n , laying, in cubation  and 
hatch ing , perm its identification o f  ab b eran t 
behav iour and  co rre la tio n  o f  th is behaviour 
w ith certa in  env ironm ental cond itions w hich 
can  be contro lled . T his is pa rticu la rly  signifi
c a n t  fo r  r a re r  sp ec ie s  th a t  n e ed  to  be 
m an ag ed  fo r m ax im um  p ro d u c tiv ity  and , yet, 
p o p u la r  w ith  th e  v iew ing  p u b lic . T h e  
T ru m p eter Sw ans C ygnus cygnus buccinator  
breeding in th e  Y ellow stone-G rand  T eton  
a rea  o f  W yom ing, th e  H ennep in  C o u n ty  
P a r k  R e s e rv e s  o f  th e  T w in  C i t ie s  o f  
M in n e so ta  a n d  e lsew h ere  a re  ex ce llen t 
exam ples. W ith o u t a  firm g rasp  o f  norm al 
behavior, assessm en t o f  th e  im p ac t o f  hum an  
d istu rb an ce  including research  is difficult, 
and  this absence o f  in fo rm ation  m ay  lead to 
unnecessarily  restric tive  o r  perm issive con
tro l o f  access.

P rev ious studies o f  captive  T ru m p eter 
S w an s  (D e V o s  19 6 4 ; J o h n s g a rd  1965; 
T illery  1969) an d  o f  wild T ru m p eters  (B anko 
1960; H an sen  et al. 1971) have  elucidated  
g e n e ra l a sp e c ts  o f  b re ed in g  b eh av io u r. 
H a ap a n e n  et al. (1977) reco rd ed  incubation  
tim e budgets and  described  p o stu res o f  the 
c lo se ly  re la te d  W h o o p e r  S w an  C yg n u s  
cygnus cygnus  in th e  wild. E v an s  (1975) 
s tu d ie d  th e  n e s tin g  b e h a v io u r  o f  c ap tiv e  
B ew ick’s Sw ans C ygnus co lum bianus bew ic
k ii, and  cap tive  W histling  Sw ans Cygnus  
co lum bianus co lum bianus  (E vans 1977), 
w h ile  S c o tt  (1 9 7 7 ) s tu d ied  th e  n estin g  
behav io r o f  wild W histling  Sw ans. T his 
p ap er describes a  quan tita tive  investigation  
o f  th e  b re e d in g  e th o lo g y  o f  c a p t iv e  
T ru m p e te r Sw ans.

Study areas and birds

T he investigation  w as cen tered  a t the  M orris 
T. B aker P a rk  R eserve located  in M edina, 
M inneso ta, 24 km  w est o f  M inneapolis. 
F u rth e r  m onito ring  w as done a t the  L ake  
R eb ecca  P a rk  R eserve in Independence, 
M inneso ta, 40  km  n o rth w est o f  M inneapolis. 
A  single breeding pa ir o f  cap tive  sw ans w as 
studied  a t each  location . T h e  B aker pair, 
h a tc h e d  in th e  w ild  a t  th e  R e d  R o c k s

N ational W ildlife R efuge, M o n ta n a  in 1970, 
and  tran sferred  to  M in n eso ta  as cygnets, 
w ere m ain ta ined  in  a 1 h ectare , 5-sided, wire 
pen con tain ing  a 3 m b y  10 m  island. W ater 
covered  all b u t 5%  o f  the  enclosure  to  an 
av e ra g e  d e p th  o f  1 m etre . A q u a tic  
vegetation , prim arily  n a rro w  leaf pondw eed 
Potam ogeton  sp. and  lesser duckw eed, Lem -  
na m inor, w as ab u n d an t while up lan d  p lan ts 
consisted  o f  nettles S ta ch ys  sp. and bu rd o ck  
A rc tiu m  m in u s  on  the  2 m eter-w ide, n o rth  
pen shoreline. T he R eb ecca  sw ans w ere o f 
the  sam e age and  orig in  as the  B aker pair, 
bu t their pen differed by  shape  (rectangular) 
and  th e  presence o f  a  floating  nest p latform , 
in stead  o f  an  island.

M ethods

T h e  th ird  and  fo u rth  nestings o f  the  B aker 
sw ans w ere m on ito red  and  observed  in 1975 
and  1976, and  their fifth nesting  observed  in 
1977. T h e  th ird  nesting  o f  th e  R eb ecca  pair 
w as filmed during  the  h a tch ing  an d  d e p a r
tu re  phases in 1976. M onito ring  w as by 
rem ote  sensing, tim e-lapse  p h o to g rap h y  and 
rem ote  con tro l film ing. O b serv a tio n s o f  the 
B aker sw ans w ere m ade from  a c a r  p a rk ed  in 
a  grove o f  trees, 50  m from  th e  nest, using a 
20  x spo tting  scope.

T he rem ote  in fra-red /th e rm isto r m onito r, 
u s e d  in  1 9 7 5 ,  c o n s i s t e d  o f  a  s m a ll  
(1 5  x  15 X 4 0  m m ) p h o to e le c t r ic  r e la y  
p la c e d  a t  th e  n e s t  a n d  a th e r m is to r  
tem p era tu re  p ro b e  positioned  under the eggs. 
B oth  sensors w ere connected , v ia w ire cable, 
to  a  s trip -chart reco rd er pow ered  by a  1 2 V 
D C  b a tte ry  and  housed in a  w ooden  shelter, 
30  m n o rth  o f  the  nest. T he system  reco rded  
th e  p resence o f  th e  b ird  a t th e  nest by  reco r
d ing in terrup tions o f the  infra-red  beam  
p r o j e c t e d  a c r o s s  th e  n e s t  a n d  n e s t  
tem p era tu re  changes.

A tim e -la p se , su p e r-8 m ov ie  c a m e ra  
(M inolta  X L 400) w as em ployed in 1975 and 
1976 to  reco rd  daylight activities a t the  nest. 
T he cam era , enclosed in a  p ro tec tive  case, 
w as p laced on  th e  shoreline, 30  m  from  the 
nest, and  a b a tte ry -pow ered  c lock  positioned 
w ithin th e  field o f  view. Single fram es were 
exposed every  15 seconds on  d ay  1, 7, 10, 
18, 25, and  32 o f  incu b a tio n  in 1975. W hen
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it w as estab lished  from  infra-red  recordings 
th a t  the  fem ale w as n o t off the  nest a t night 
during  in cubation , th a t the  m ale v isited the 
nest during  the  absence o f  th e  fem ale, and 
th a t the  la tte r w as inadequate ly  reco rded  by 
the  in fra-red /th e rm isto r recorder, th e  time- 
lapse cam era  w as used  exclusively in 1976. 
T h e  fram e in terval w as lengthened to  60 
seconds, m aking a  film change necessary  
only every  3 days.

T o  d o cu m en t specific d isplays, postu res 
and  nest m ain ten an ce  behaviours, the  B aker 
pa ir w as filmed, using  tw o rem ote-contro lled  
su p er-8 cam eras  w ere p laced on a tripod , 
10 m from  the nest. A fter an  observation  
period, the  exposed film w as retrieved and 
th e  cam eras re loaded . T hese  films, and  tim e 
la p s e  f o o ta g e ,  w e re  a n a ly z e d  in  th e  
lab o ra to ry  and  from  these, postu res and 
d isplay  d raw ings p repared .

T he pheno logy  o f  laying w as established 
each  y ear b y  sh o rt (<  5 m inute) visits to  the 
n e s t site . D is tu rb a n c e s  w ere  he ld  to  a 
m inim um  and  public  access to  the sw an pens 
and  their im m ediate  su rround ings prohibited. 
W ind speed, a ir tem p era tu re , rainfall and 
so lar rad ia tion  a t  B aker w ere reco rded  con
tinuously  during  1975 and 1976. S tatistical 
p rocedures d escribed  by D ra p e r and  Sm ith  
(1968) w ere used  in regression  analysis.

R esu lts

T h e  4  n e s t in g  a t t e m p ts  s tu d ie d  w e re  
successful. T h e  B aker pa ir laid 7, 9, and  7 
eggs in 1975, 1976, an d  1977 respectively, 
while the  R eb ecca  b irds h ad  7 eggs in 1976. 
T he w eather co nd itions varied  d ram atically  
betw een 1975 an d  1976 (T able  1), and  the 
da tes o f  nest e stab lishm en t reflected these  en
vironm ental differences. T he B aker fem ale 
laid  the  first egg on  1 M ay  and  d ep arted  w ith 
young  on  14 Ju n e  in the  wet, co ld  spring o f 
1975. In  the  d ry , w arm  spring o f  1976, the 
first egg ap p eared  on 14 A pril and  nest 
d ep artu re  w as on  31 M ay.

T h e  nesting  period  o f  the  sw ans w as 
divided in to  five phases: prelaying, laying, in
cubation , hatch ing , and  nest d ep artu re . T he 
prelay ing  ph ase  ex tended  from  the  release o f

th e  pa ir in to  th e  breeding pen to  the  laying o f 
the  first egg, th e  laying period  from  the 
laying o f  th e  first to  th e  deposition  o f  the  last 
egg and  the  incu b a tio n  ph ase  from  the laying 
o f  the  last egg until th e  in itiation  o f  em bryo  
sounds. T he hatch ing  phase  spans the  period 
from  first em b ry o  sounds until the  drying o f 
the  last cygnet, an d  the  dep artu re  ph ase  from  
th is p o in t until the  first exit o f  th e  young 
from  th e  nest cup. T he 5 ph ases constitu ted  
approx im ate ly  20, 20, 55, 4, and  1% o f  the 
nesting  period.

P relaying p h a se

Prelaying beh av io u r o f  th e  B aker sw ans w as 
s tudied  in 1976. T he phase  began  w ith 
tran sfer o f  th e  pa ir from  the  w inter pen, 
shared  w ith their young from  the  previous 
year, to  the  b reeding pen on 31 M arch . O n 
14 A pril the  first egg w as laid  (F igu re  1).

O ne m inute-in terval p h o to g rap h s o f  the 
island revealed  th a t th e  pa ir initiated  nest 
c o n s tru c t io n  th e  d a y  fo llow ing  re lease . 
C hoosing  th e  site used  the  previous year, 
nest co n stru c tio n  p rogressed  rap id ly  th e  first 
d ay  a fte r re lease  then  declined in intensity  
(Fig. 2). C o n stru c tio n  w as done  prim arily  by 
the  fem ale w ith  m inor assistance  from  the 
m ale. T yp ically  the  fem ale sw am  and then 
w alked to  th e  site, th en  stood  and  grasped  
nest m ateria l, straw  w hich h ad  been p laced 
on  the  island, by  extending her neck forw ard  
and  d ropping  th e  m ateria l a t her feet (F igure 
3A). T he m ale, accom pany ing  th e  fem ale to  
th e  nest site, s to o d  a m etre  o r 2 from  his 
m ate  and  ga th e red  m ateria l in the  sam e 
m anner, tran sferrin g  straw  to w ard s the  base  
o f  th e  m ound  being built by  the  female. 
W hile he accom pan ied  th e  fem ale to  th e  nest 
site con stan tly  during  th e  prelaying phase, he 
ga th e red  nest m ateria l in only 1 o f  every  5 
visits, w ith  no  a p p aren t p a tte rn  to  such 
bouts.

Initially , th e  pen restric ted  her activities to  
stand ing  a t th e  nest site, bu t in the  a fternoon  
o f  th e  first d ay  after release, she perform ed 
n e s t se ttlin g ; th is  b e h a v io u r , o b se rv ed  
repeated ly  in the  p relaying, laying and in 
cu b atio n  ph ases fo rm ed  and m ain tained  the 
n e s t  c u p .  T h e  s e q u e n c e  o f  s e t t l i n g

Table 1. Weather conditions measured at the M. T. Baker Park Reserve, Medina, Minnesota, during 
the incubation phase.

Parameter 1975 1976

Total rainfall 14-3 cm 1-8 cm
Days with rain 12-0 5-0
Mean daily temperature 16-5°C 13-3°C
Mean daily solar energy 7-43 Gm Cal/Cm 2/M in 8-54 Gm Cal/Cm 2/Min
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Figure 1. Nest attentiveness o f a Trumpeter Swan female, M. T. Baker Park Reserve, Medina, 
Minnesota, 1975 and 1976. Black areas represent periods when the female was on nest, stippled areas 
periods when no data were recorded, egg numbers indicate clutch size on that date.

Figure 2. Percentage of the day spent on the nest by a female Trumpeter Swan, M. T. Baker Park 
Reserve, Medina, Minnesota, 1975 and 1976.
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A

co n stru ctin g  th e  nest p rio r to  laying while the 
R ebecca  b ird s spen t 35 days. T illery (1969) 
rep o rted  a  19 d ay  nest co n stru ctio n  period 
for a captive pair of Trumpeters at the Great 
B end Z o o , K ansas.

Egg laying ra tes cou ld  no t be ascerta ined  
from  the  in frared  o r film record ings, bu t were 
estim ated  from  the  finding o f  new  eggs in the 
n e s t .  T h e  m a x im u m  la y in g  r a te  w a s  
calcu la ted  by  assum ing  th a t  th e  last egg w as 
found  on the day  it w as laid, an d  the  first egg 
tw o d ay s a fte r it w as laid. T he m inim um  ra te  
assum ed  th a t the  first egg and  the  last egg 
w ere laid o n  the  d ay s they  w ere found. T he 
m axim um  laying ra te  for 1975 w as 45 hours

Figure 3. Trumpeter Swan nest material gathering 
behaviours: A — off the nest; B — on the nest.

m ovem ents com prised : ( 1) low ering o f the 
b reas t as th e  b o d y  w as shifted fo rw ard  while 
sim ultaneously  padd ling  the  feet an d  ex ten
ding the  w ings do w n w ard  partially  to  sup
p o rt the  w eight (F ig u re  4A ), (2) low ering o f 
the  bod y  to  a  sitting position  accom panied  
by a side to  side rock ing  o f th e  bod y  and  a 
shuffling o f th e  feet (F igu re  4B), an d  (3) 
red is tribu tion  an d  pack ing  o f  the  m ateria l 
pushed  fo rw ard  against b reas t an d  flanks by 
a  p a tting  m otion (F igu re  4C ). T his sequence 
w as repea ted  several tim es w ith intervening 
changes in o rien ta tio n  until the  nest cup w as 
com pleted . In  general, sitting w as in the 
a fte rnoon  an d  evening and , thus, the  longest 
prelaying visits to  th e  nest m ound  occurred  
a t these  tim es (F ig u re  1).

C o p u la tio n  w as no t observed  during  the 
prelay ing  phase  b u t u ndoub ted ly  occurred . 
C oitus, how ever, w as seen on the  14th day  
o f  in cubation  in 1975 w hen th e  fem ale left 
th e  n e s t  b r ie f ly . T h e  p r e - c o p u la to r y ,  
co p u la to ry  and  p o st-co p u la to ry  behaviours 
a g ree d  w ith  th e  d e sc rip tio n s  o f  D eV o s 
(1964).

L a y in g  phase

In 1976, the Baker pair spent 15 days

c
Figure 4. Trumpeter Swan nest settling 
behaviours: A — forward thrust with foot 
paddling, B — shuffle, C — patting.
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per egg, the  m inim um  39 hours. B ased  on  the 
d a tes o f  d iscovery  o f th e  first 8 o f  the  9 egg 
c lu tch  laid  in 1976, th e  m axim um  laying ra te  
w as 48 ho u rs  per egg, th e  m inim um  40 
hours. D eV os (1964) and  H an sen  e t al. 
(1971) rep o rted  a  48 h o u r per egg ra te  while 
T illery’s (1969) d a ta  ind icated  a  ra te  o f  50 
h o u rs  per egg.

T he nest co n stru c tio n  beh av io u rs con
tinued  and  intensified during th e  laying phase 
as the  fem ale spen t m ore  and  m ore  tim e a t 
th e  nest. H ow ever, four new  beh av io u rs no t 
seen during  prelay ing  w ere first observed. 
T hese  w ere: (1) th e  raised-w ings  d isp lay , (2) 
the  quivering-w ings  d isp lay , (3) b re as t dow n 
pulling an d  (4) incubation .

T h e  ra ised-w ings  d isplay  w as en coun tered  
du ring  inspection  visits an d  its o nse t co in
cided w ith th e  ap p earan ce  o f  th e  first egg. 
T h e  d isp la y  w as m u tu a l b u t  n o rm a lly  
in itiated  by  th e  d istu rb ed  fem ale, w hose 
calling a ttrac ted  th e  m ale. A n  erec t stance 
w as assum ed  w ith w ings sp read  bu t ben t 
slightly a t the  w rist, neck  and  b o d y  feather

ruffed, and  head  o rien ted  to w ard  th e  in truder 
(F igu re  5A). A th rea t d isp lay  consisting  o f 
trum peting  in un ison  and  vertical head 
b o b b in g , a c c o m p a n ie d  th e  ra ise d -w in g s  
d isplay. T he b irds can  give th e  in truder rapid  
pecks o r wing blow s while s tand ing  directly  
over the  eggs. S co tt (1977) rep o rted  sim ilar 
behav iour em ployed ag a in st an a rctic  fox 
A lo p ex  lapopus  by  an  incubating  W histling 
Sw an. H an so n  et al. (1971 : F rontisp iece) 
presen ted  an  excellent p h o to g rap h  o f  the 
d isp lay , and the  behav iour ap p ears to  be 
sim ilar in the  M ute Sw an C ygnus olor  (Sco tt 
et al. 1972: P la te  6).

T he m ost d ram a tic  and  vocal d isplay  w as 
th e  m utua l quivering-w ings, du ring  w hich  the 
w ings are  partially  extended an d  held parallel 
to  the  g round  (F igure  5B) an d  rap id ly  m oved 
from  the w rist. T he fem ale initiated  the 
d isp lay , com m only  stand ing  a t the  nest (21 
o f  30 observations). T h e  d isplay  w as alw ays 
stim ulated  b y  ap p ro ach in g  C a n a d a  G eese 
B ra n ta  canadensis  and  n early  a lw ays (29  o f 
30 observations) by  geese flying directly  over

Figure 5. Trumpeter Swan nesting behaviours: A— Raised-wings display, B— Quivering-wings display, 
C— roll down pulling posture, D— egg covering.
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th e  sw an pen. T w elve d isp lays occu rred  be t
w een 1500 and 1800 h ours, and  7 betw een 
0 7 0 0  a n d  0 9 0 0  h o u rs , tim es  w h en  th e  
C anada geese were m ost active. A ll 
quivering-w ings  d isp lays w ere b rie f 15 to  30 
sec d isp lays in 29 o f  th e  observations. A  
d isp lay  began  w hen  th e  fem ale sighted  geese 
flying to w ard s her, extending her head  to  an 
a lert p o stu re  (F ig u re  12C), stood, elevated 
her w ings, and  in itiated  the  w ing-quivering 
and  calling. T h e  m ale invariab ly  began  
displaying w ithin seconds and  th e  pa ir co n 
tinued  until th e  in truders had  passed . T he 
sw ans follow ed th e  p rogress o f  the  birds 
overhead  by p a rtia l tu rn ing  o f  their bodies.

T he fem ale pulled  dow n from  her low er 
b reas t and  in co rp o ra ted  it in to  the  nest. T his 
w as accom plished  by  either a  p a rtia l roll o f 
the  b o d y  to  one side an d  th e  extension  o f  the 
bill to  th e  b re as t (F igu re  5C ), o r while in a 
po stu re  sim ilar to  the  egg lift s tance  (F igure 
10B). D o w n  a p p ea red  in the  nest w hen the 
c lu tch  w as ab o u t h a lf  com plete, w ith the 
th ird  egg in 1975 an d  th e  fifth in 1976. A 
rap id  increase  in th e  tim e spen t o n  the nest 
then  occu rred  an d  it ap p ears th a t the onset 
o f  incubation  acco m p an ied  dow n pulling. 
T he occu rren ce  o f  pulling bou ts by  tim e o f 
d ay  w as ran d o m , b u t th e  behav iour declined 
rap id ly  by  the  ten th  d ay  o f  incubation  and 
te rm in ated  before  the  tw enty-fifth  day . A n 
average o f  1 pulling b o u t per h o u r w as 
reco rded  on d a y  1, 0 -5  b o u ts  per h o u r on 
d ay  7, while on ly  1 b o u t w as reco rd ed  on 
d ay  10 and  on  d ay  18. T he dow n pulling 
bo u ts  averaged  48  sec ( S D = 6 - 0 ,  n  =  23) 
and  ranged  from  15 to  120 sec.

T he q u an tity  o f  dow n deposited  in the  nest 
cup  w as app ro x im ate ly  10%  o f  th a t  in 
n earb y  C a n a d a  G o o se  nests (C o o p er 1978), 
and  a t no  tim e w as the  dow n qu an tity  
sufficient to  fo rm  such  a  b lan k e t as th a t w ith 
w hich th e  goose eggs could  be covered. T he 
feather rem oval d id  no t resu lt in th e  visible 
b ro o d  p a tch  rep o rted  by  H a n so n  (1959) for 
geese.

Incuba tion  p h a se

In cu b atio n  w as b y  the  fem ale. T h e  onset o f 
in cubation  w as progressive, w ith a  rise in 
a tten tiveness, du rin g  th e  la tter h a lf  o f  the 
laying phase  an d  reach ing  a p la teau  2 days 
after the  la s t egg w as laid  (F igu re  2). T his 
tran s itio n  p resen ts a  difficulty in designating 
th e  first d ay  o f  incubation . Follow ing C o o p er
(1978), the  incu b a tio n  p h ase  w as defined as 
being from  th e  lay ing  o f  th e  last egg to  the 
beginning o f  em b ry o  vocalization .

A  slightly m odified version o f  S k u tch ’s
(1962) term inology  w as used  to  describe  the 
incubation  phase . In cu b atio n  co n stan cy  is 
the percentage o f the day spent on the nest, 
periods off th e  nest being term ed  recesses, 
and  periods on  th e  nest sessions. T he latter 
are subdivided in to  tim es spen t sitting on  the 
eggs, the  sitting spells, and  b reaks, w hen the 
fem ale s tan d s to  rearran g e  the  eggs o r nest 
m ateria ls, o r reposition  herself.

C o n stan cy

T he B aker fem ale h ad  a  30 d ay  incubation  
ph ase  in b o th  y ears  w ith an  average incu b a
tion  c o n stan cy  o f  94 -7%  in 1975 and  95-7%  
in 1976, th e  difference being non-significant. 
W ith in  a  single season, the  tim e spen t on  the 
nest varied  little (F ig u re  2). M ultip le regres
sion analysis o f  daily  co n stan cy  in re la tion  to  
d a y  o f  in c u b a tio n , to  m ean  d a ily  a ir  
tem p era tu re , to  to ta l daily  so lar rad ia tion  
and  to  ra infall yielded no significant fits. T he 
best regression  explained only 10%  o f  the 
v a ria tio n  in daily  constancy .

R ecess

T hree  types o f  nest absences w ere observed. 
A norm al recess w as one w here  the  fem ale 
stood  and covered  th e  eggs (F igure  5D ) prior 
to  d ep artu re . A  defence recess w as denoted  
by  lack  o f  egg covering, a  rap id  exit from  the 
nest m ound  after having assum ed an  alert 
po stu re  (F ig u re  12C), given a  quivering- 
wings d isp lay  (F igu re  5B) o r done  b o th , and 
b y  d e fe n c e  o f  th e  t e r r i t o r y .  M a te r ia l  
g a th e r in g  re c e sse s  w ere  b r ie f  ab se n ce s  
(<  5 m in) w hen th e  fem ale left the  nest while 
grasp ing  m ateria ls and m oving th em  to w ard  
th e  nest (F igs. 3A  and 3B). O nly  3 gathering  
recesses w ere observed, in the  first 2 d ay s o f 
incubation . T hese  recesses w ere considered  
rem n an ts  o f  lay ing ph ase  behaviour and 
w ere elim inated  from  the  recess analysis.

Sixty p e rcen t o f  recesses w ere norm al, 
40%  defence. R ecess frequency  b u t no t 
len g th  v a r ie d  by  re ce ss  ty p e . N o rm a l 
recesses w ere tak en  m ost often  fro m  1500 to 
1900 hours, whereas defence recesses were 
c o m m o n  in b o th  m o rn in g  a n d  even ing  
(F igu re  6), w hen the  C a n a d a  G eese w ere 
m ost active. N o rm a l recesses averaged  21 
m in  (S D  =  1 2 -4 , n =  3 2 ) a n d  d e fe n c e  
recesses 18 m in (SD  =  13-0, n =  31), the 
difference being non-significant. N orm al 
re c e sse s  o c c u r re d  d a ily  th ro u g h o u t  in 
cu b ation , b u t defence recesses w ere m ore
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Figure 6. Trumpeter Swan incubation recesses by type and time of day, Morris T.Baker Park Reserve, 
Medina, Minnesota, 1976.

freq u en t in early  incu b a tio n , 50%  reco rded  
in th e  first 12 d ays, and  w ere c lustered , i.e., 
m ore th an  1 per day .

R egression  analysis o f  fac to rs  th a t m ay  
have  affected n o rm al recess length  w as 
m ade. Independen t variab les w ere the  sam e 
as those  used  in analysis o f  incubation  
co n stan cy , to g e th e r w ith recess type  and 
tim e o f  day. T h e  best fit expla ined 11% o f  
th e  variab ility  in length an d  w as n o t signifi
can t. O verall, recesses tak en  varied  little b e t
ween y ears, an  average o f  4 pe r d ay  in 1975 
and  3 pe r d ay  in 1976 (F igu re  7). R ecess 
len g th , h o w ev er, d id  v a ry  s ig n ifican tly  
(p >  0 -05) betw een years. In  1975, recesses 
ran g ed  from  4 to  62  m in, with a  m ode o f  10 
and the  m edian o f  17 m in. R ecesses in 1976 
varied  from  1 to  150 m in w ith a  m ode o f  19 
and  a  m edian o f  18 m in. T he m ore bu t 
sh o rte r recesses in 1975 and  few er b u t longer 
recesses in 1976 resu lted  in no significant 
difference in to ta l tim e off.

R ecess activities w ere reco rded  during  11 
no rm al, 4 defence an d  2 m ixed recesses.
R ecess activities w ere classified as: (1)
Feed ing  and  locom otion  asso c ia ted  w ith 
feeding, (2) co m fo rt m ovem ents devoted  to  
ba th in g  and  preening, (3) d isp lay ing  w ith the 
m ale and  defending the  te rrito ry , and  (4)

RECESSES PER DAY
Figure 7. Trumpeter Swan incubation recesses per 
day, Morris T. Baker Park Reserve, Medina, 
Minnesota, 1975-1976.
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locom otion  no t a sso c ia ted  w ith the  foregoing 
behaviour.

O n  a n o rm al recess, after having covered 
her eggs, the  fem ale w alked to  th e  w ater 
using one o f  tw o  rou tes , d ran k , ba th ed  and 
preened: a t th is poin t, the  m ale usually  
jo in ed  her and  acco m p an ied  her during the 
rem ain d er o f  th e  recess. Feeding norm ally  
follow ed the first bath ing  b ou t, an d  w as te r
m inated  by  a longer, m ore  v igorous bath ing  
and preening period , including oil preening 
ju s t  p rio r to  the  re tu rn  to  the  nest. S tanding 
over the eggs, th e  fem ale spen t a  m inute  o r 
tw o preening (F ig u re  10A), follow ed by 
settling behaviour. T h e  settling w as repeated  
an  average o f  6 tim es (range  3 to  10) with a 
coun terc lockw ise  shift in o rien ta tio n  each 
tim e, resulting  in a t least one com plete ro ta 
tion  during  the  2 to  5 m in settling period. 
P atting , unlike in nest co nstruction , w as 
restric ted  to  the  final settling.

D uring a  defence recess, the  fem ale first

jo in ed  the  m ale in defending against in
trud ing  C a n a d a  G eese. D efence consisted  of 
th e  pa ir sw im m ing to w ard  the in truders 
while tru m p e tin g  loudly  and  pum ping their 
heads. T ypically , th is th rea t  behav iour w as 
sufficient to  fo rce  the  geese from  the  pen, bu t 
on  2 occasio n s w hen the  in truders did no t 
re trea t, the  p a ir ru sh ed  over the  w ater 
to w ard  the  geese while sim ultaneously  giving 
the  quivering-w ings  d isplay. D efence was 
follow ed by  a trium ph  d isp lay , a  b rie f bou t o f 
preening, and  a  re tu rn  to  the  nest.

O n  th ree  occasions, C a n a d a  G eese flew 
above the  pen while the  fem ale w as tak ing  a 
norm al recess. T h is resu lted  in a  quivering- 
w ings  d isp la y , a tr iu m p h  d isp lay , an d  
preening follow ed by a  re tu rn  to  the  nest. 
Such recesses w ere term ed  mixed.

T he relative tim es spent on  each  activity  
during  the  recesses observed  are  given in 
T ab le  2.

Table 2. Trumpeter Swan incubation recess activities, Morris T. Baker Park Reserve, Medina. 
Minnesota, 1975— 1977.

______________Percentage of time spent in________
Day of Recess Feeding Comfort Locomotion Displays

incubation length (Min) movements

N O R M A L  R E C E S S E S

9 19-9 20 56 24 0
11 23-2 29 54 17 0
11 16-2 23 40 12 20
18 13-2 24 27 43 6
19 12-0 46 31 12 10
19 15-4 28 52 20 0
22 26-2 29 66 1 0
22 19-2 71 5 19 0
29 19-7 51 17 31 0

Total/Mean 165-0 38 41 17 5

D E F E N C E  RE C E S S E S

17 22-9 0 33 3 64
17 6-5 0 24 4 72
19 20-8 19 6 24 47
24 15-6 24 8 11 56
24 15-1 1 8 0 92

Total/Mean 80-9 10

M I X E D  R E C E S S E S

16 9 64

18 15-8 29 24 6 41
18 9-0 10 5 50 36
23 19-5 2 58 19 22

Total/Mean 44-3 13 35 21 32
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Sessions

T im e spent at the nest between recesses 
varied  from  3 to  1664 m in. Session d istribu 
tion  w as b im odal, a  peak o ccurring  a t 2-hour 
in tervals and an o th er a t 15-hour intervals 
(F igu re  8). T he longer sessions w ere a  result 
o f  th e  fem ale’s stead fastness to  th e  nest at 
night. N early  all (99% ) o f  th e  sessions longer 
th a n  10 h o u rs  began  after 1200 and  te r
m inated  the  follow ing day . A nalysis o f  the 
effects o f  env ironm ental fac to rs  and  d ay  o f 
in cubation  on  session length  yielded no 
significant re la tionsh ips. B reaks w hen the 
fem ale stood  while a t th e  nest d ivided a  ses
sion in to  a  series o f  sitting spells. A n  average 
o f  2-6 b reak s o ccu rred  per h o u r (range  =  0 
to  9, SD  =  1-46, n =  416) w ith 2 b reak s per

h o u r m ost com m on. R egression analysis o f  
b reak  frequency  in re la tion  to  environm ental 
conditions, h o u r o f  th e  day  and  d ay  o f  in
cu b atio n  p ro d u ced  no significant fits. B reaks 
varied  in length from  15 sec to  15 m in, the 
fo rm er being typ ica l (F ig u re  9). T h e  longer 
b reak s usually  included e ither egg m oving 
b e h a v io u r , q u ive r in g -w in g s  d isp lay , o r 
shad ing  o f  th e  eggs. C erta in  behav iours 
p receded  a  b reak  and  w ere signals fo r its 
in itiation. T hese w ere dow n pulling, oil 
preening, a  quivering-w ings  d isp lay  (sitting) 
and  nest m ateria l gathering . Such activities 
w ere invariab ly  follow ed by a  b reak  w ithin 5 
min. D uring  a  b reak , the  fem ale invariable 
sh ifted  he r o r ie n ta t io n  re la tiv e  to  he r 
previous position  on  the  eggs, occasionally  
m oved the  eggs and  a lw ays perfo rm ed  the

5 10 15 20 25 30 35 40

SESSION LENGTH (HOURS)
Figure 8. Trumpeter Swan incubation session lengths, Morris T. Baker Park Reserve, Medina, 
Minnesota, 1975-1976.
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Figure 9. Trumpeter Swan incubation break lengths, Morris T. Baker Park Reserve, Medina, 
Minnesota, 1975.

settling sequence. Egg m oving o ccurred  
during  40%  o f  th e  b reaks, w ithou t significant 
re la tionsh ip  to  tim e o f  day  o r stage o f  in
c u b a t i o n .  E g g  m o v e m e n ts  w e re  a c 
com plished  by ( 1) a  b a ck w ard s  extension o f 
th e  head  below  th e  b reas t and the  lifting o f  
an  individual egg w ith underside o f  the  bill 
(F igu re  10B), (2) w edging the  bill betw een 
th e  egg and  the  surround ing  nest m ateria ls 
and  pushing o r pulling th e  egg (F igure  IOC), 
o r (3), ra re ly , lifting a  fo o t on  w hich an  egg 
rested . N o rm ally  b o th  bill lift and  wedge 
m ovem ents w ere used in the sam e egg tu rn 
ing bout. B ecause T ru m p eter Sw an eggs are 
usually  sep a ra ted  by nest m aterial, an  egg 
shift left a  po ck et w hich the  fem ale filled by a 
p a tting  m otion  im m ediately  after m oving an 
egg. E ach  m oving b o u t w as follow ed by  a 
settling, and 2 o r  3 b ou ts w ere typ ical fo r a 
b r e a k  w ith  e g g  tu r n in g ,  7 b e in g  th e  
m axim um  observed.

Q uivering-w ings  d isp lays while stand ing  
p ro d u ced  b reak s sim ilar in length to  those  
w here egg tu rn ing  occurred , rang ing  from  30 
to  1 8 0  se c  w i th  a  m e a n  o f  68  s e c  
(SD  =  49-3 , n =  54). T h e  longer b reaks

resu lted  from  shad ing  behav iour w hen the 
fem ale s to o d  over the  eggs in the  m iddle o f 
the  day. T h is behav iour p ro b ab ly  reduced  
the  fem ale’s th erm al stress fo r pan ting  alw ays 
accom pan ied  these  b reaks.

Sitting spells w ere brief, ranging from  1 to 
173 min, those  less th an  5 m in being m ost 
frequen t (F ig u re  11). R egression  analysis o f 
spell length in re la tion  to  env ironm ental con
ditions, tim e o f  d ay  and  stage o f  incubation , 
explained only 5%  o f the  v aria tion  in spell 
length, a  non-significant level. T he fem ale’s 
sitting p o stu res were: ( 1) norm al, (2) alert, 
and (3) sleep. In n o rm al incubation  postu re  
(F igu re  12B), she sa t w ith neck slightly 
curved  and  head  level. She frequently  tu rned  
her head  from  side to  side, w atch ing  her 
surroundings. When distu rbed , the neck was 
erected  (F igu re  12C) and , depending on  the 
d is tu rb a n c e , th e  fem a le  e ith e r g av e  a 
quivering-w ing  d isp lay , left the  nest, o r both , 
o r resum ed norm al posture . R esum ption  o f 
norm al p o stu re  w as frequently  follow ed by 
nest m ateria l ga thering  (F igu re  3B) and p a t
ting (F ig u re  4C ). Sleeping, w ith lengthy 
c losure  o f  th e  eyes, w as observed  w hen the
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Figure 10. Trumpeter Swan nesting behaviours: 
A— Preening at the termination o f a recess, 
B— Left egg turning, C— Wedge egg turning.

fem ale rested  her head  on  the  m iddle o f  her 
b ack  w ith tip  o f  the  bill ben ea th  th e  scapu lars 
(F ig u re  12D ). H o w ev e r, b a se d  on  eye 
closure, on ly  70%  o f  th e  tim e spen t in this 
p o stu re  w as considered  sleep. Sleep postu re  
b o u ts  w ere extrem ely  brief, vary in g  from  1 to  
41 m in, w ith 2 m in b o u ts  com prising  20%  
and h a lf o f  the  b o u ts  being less th a n  6 min. 
T h e  n u m b e r  o f  sleep in g  p o s tu re  b o u ts  
reco rd ed  on  d a y  1, 10, 18, and 25 o f  in cu b a
tion  w ere 27, 10, 22, and  36, o r  2-1 , 0 -7 , 1-7 
and 2-8 per h our, respectively. A nalysis o f  
b o u t length  by  tim e o f  d ay  and d a y  o f  in
cu b atio n  gave no  significant relationships. 
H o w ev e r, sleep in g  b o u t len g th  d u rin g  
show ers averaged  18-3 m in (n  =  10) w hereas 
d ry  period  bou ts averaged  7-8 m in  (n =  85);

the  difference w as significant (p > 0-05). 
C lo u d  cover also  appeared  to  stim ulate 
sleep. O n  tw o o f th e  d ay s film ed in 1975, 
p a r tly  c lo u d y  c o n d itio n s  p re v a ile d , and  
during  a  sitting spell, in tervals o f  sleep co in
cided closely w ith b lockage o f  the  sunlight.

P reening b o u ts  while sitting on  the  nest, 
p rim arily  oil-preening (F igure  12A) ranged  
from  15 to  75 sec, 30 sec being average 
( S D = 1 5 - 6 ,  n =  39), an d , like sleep ing  
p o s tu re  b o u ts , m o s t c o m m o n  o n  ra in y  
days.

H atch in g  a n d  departure  ph a ses

H atch ing  te rm inated  in cubation  behaviour, 
and like incubation , th e  o nse t o f  the  phase 
w as indistinct. T he m ost obv ious clues to 
hatch ing  w ere an  increase  in attentiveness 
(F igu re  2) and the  cessation  o f  settling and 
egg tu rn ing  behaviours. T he failure o f  the 
fem ale to  perform  the settling sequence w as 
first reco rded  on d ay  30, a tim e w hen no 
e g g s  h a d  p ip p e d  b u t  w h e n  e m b r y o  
vocaliza tions w ere heard . By d ay  31, no 
settling behav iour and  egg tu rn ing  w ere seen; 
th e  fem ale sim ply low ered herself on  the nest, 
and as the  cygnets em erged, she acco m 
m odated  them  by  a pa rtia l sp read ing  o f  the 
wings. E m ergence o f  th e  cygnets spanned 
d ay s 31 and 32 or approx im ate ly  48 hours, 
agreeing w ith the  o b se rv atio n s o f  K ear 
(1 9 7 2 ). P re e n in g  b o u ts , q u ive r in g -w in g s  
d isp lays, and  b reak s con tinued  a t the  sam e 
frequency  as during  incubation , bu t b reak s 
and preening b o u ts  w ere longer. B reaks 
ran g ed  from  15 to  900  sec, th e  average being 
160 sec (SD  =  222-6 , n = 3 0 ) ,  preening 
b o u ts  averaged  45 sec (SD  =  36-1 , n  =  18), 
w ith a  ran g e  o f  15 to  180 sec on  day  32 o f 
incubation .

In all cases, initial exodus from  the  nest 
w as in th e  m orning o f  d ay  33, a t 0922 , 1053, 
and 0832 , fo r the  B aker b irds in 1975 and 
1976, and  fo r the  R eb ecca  sw ans in 1976, 
respectively. M orn ing  b ro o d  d ep artu res  have 
also  been reco rded  for the  M alla rd  A n a s  
p la ty rh y n c h o s  (C a ld w e ll 1971) a n d  th e  
C a n a d a  G o o se  (C o o p er 1978).

T he cygnets did no t im m ediately  follow 
th e  fem ale when she left the  nest, bu t were 
enticed  by  her repea ted  re tu rn s  an d  d e p a r
tu res. C y g n e ts  typ ically  left singly an d  those 
off th e  nest w ere a ttended  by  th e  m ale while 
th e  fem ale re tu rn ed  to  the  nest. T he d ep ar
tu re  ph ase  lasted  from  5 to  20 m in. O nce off. 
th e  pen and  cygnets re tu rn ed  to  the  nest 
w ithin 30 m in, and  then  m ade rep ea ted  nest 
dep artu res and  re tu rn s  th ro u g h o u t the  day.
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Figure 11. Trumpeter Swan incubation sitting spell lengths, Morris T. Baker Park Reserve, Medina, 
Minnesota, 1976.

Figure 12. Trumpeter Swan nesting behaviours: A— Oil preening on nest, B— N ormai incubation posture, 
C— Alert posture, D — Sleep posture.
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In  add ition  to  th e  m ale’s p a rtic ip a tio n  in the 
nest co n stru ctio n , d isplay , defence, a n d  nest 
d e p a r tu r e  b e h a v io u r s ,  th e  m a le  a ls o  
frequen ted  th e  nest during  som e n orm al in
cu b atio n  recesses. B ecause m an ipu lations o f  
nest m ateria ls and  eggs resu lted  in feather 
sta in ing  and  b ecause  the  fem ale devoted 
m uch  o f  her tim e to  these activities, her d ark  
head  and  neck w as easily  d istinguished from  
the  m ale’s by  th e  beginning o f  incubation .

T w en ty  nest visits by  the  m ale were 
reco rded  during  th e  study. In  all cases, he 
first jo in ed  his m ate  while she b a th ed  o r fed, 
a ccom pan ied  her fo r a  vary in g  length o f 
t im e , th e n  sw a m  to  th e  n e s t  m o u n d , 
a scended  via 1 o f  th e  en tran ce /ex it p a ths 
ga thering  m aterial. O nce a t th e  nest, the  
m ale stood, b u t never sat, m anipu lating  nest 
m ateria l and tran sp o rtin g  m ateria l from  the 
m ound  to  the  cup. A fter hav ing  been at the 
n e s t  f ro m  1 to  23  m in , a v e r a g in g  5 
(S D  =  4 -7 , n = 2 0 ) ,  th e  m ale  d e p a rte d , 
u sually  using a  different ro u te  an d  gathering  
m ateria ls and tran sp o rtin g  them  to w ard  the 
m ound  exactly  as th e  fem ale did during  nest 
co n stru c tio n  (Fig. 3A). T he m ale’s exit from  
th e  nest coincided w ith the re tu rn  o f  the 
female.

Visits to  th e  nest by  th e  m ale w ere no t ra n 
dom ly d istribu ted  by either tim e o f  day  or 
d ay  o f  incubation . In  1975, the  m ale w as no t 
seen a t the  nest a fte r d ay  18. In  1976, during 
the  first 25 d ay s  o f  incubation , the m ale 
visited th e  nest tw ice on  1 d ay , once o n  13 
d ay s and  no t a t all on  11 days, n o r after day  
25. O f  20 m ale visits, 6 (30% ) occurred  
before  1200, 10 (50% ) betw een 1200 and 
1800, and  4 (20% ) after 1800.

M ale’s behaviour

D iscussion

T he T ru m p eter S w an ’s breeding stra teg y  in
c ludes th e  m ain ten an ce  o f  a  te rr ito ry  from  
prelay ing  in early  spring to  n ear th e  tim e o f 
fledging in late  sum m er (B anko  1960), a 
lengthy prelay ing  period  (T illery 1969; this 
study), a  highly atten tive, single-sex in te rm it
ten t in cubation  (th is study) and  a p rolonged 
preflight b ro o d  rearing  period  during  w hich 
m any  (5 0 -8 5 % ) offspring su ccu m b  (B anko 
1960; P ag e  1976). B ecause reproductive  
success is the  u ltim ate  test o f  th e  fitness o f  a 
s tra tegy , the  extrem ely  high cygnet loss 
du ring  rearing  m ay  be assum ed  to  have a 
s ig n if ic a n t  a ffe c t o n  so m e  b e h a v io u r s  
preceding th is period.

T h e  le n g th y  p r e la y in g  p h a s e ,  w h e n  
relatively little tim e is devo ted  to  the  nest 
m ound  (F igu re  2), m ay  be necessa ry  fo r the 
fem ale to  build  up  in ternal energy  reserves 
fo r lay ing and  incubation . Page  (1976) 
rep o rted  a significant increase  in nests, 
c lu tch  size, and  cygnet survival w hen the 
food  prov ided  th e  T ru m p eters  w intering  a t 
the  R ed R o ck s N a tional W ildlife Refuge w as 
d o u b le d . R e y n o ld s  (1 9 7 2 )  fo u n d  th a t  
breeding M ute  Sw ans spen t m o st o f  the 
day ligh t h o u rs  feeding du ring  th e  prelaying 
and laying periods, and h y p o thesized  th a t 
bod y  condition  w as a  d e term inate  o f  the 
tim ing o f  b reeding and  c lu tch  size in this 
species. B anko  (1960) suggested  th a t the 
T ru m p e te r Sw an te rr ito ry  size w as re la ted  to  
th e  q u an tity  o f  food  available at a  given d is
tan ce  from  the  nest site. T h u s, th e  prelaying 
ph ase  is devoted  p rim arily  to  feeding an d  the 
extent o f  the  te rrito ry  m ay  be partially  a 
function  o f  the  d istribu tion  o f  the  food. T he 
con tinued  defence o f  th is a re a  p resum ab ly  
w ould  also ensure  an  und im in ished  food 
resource  fo r th e  adu lts an d  y oung  after 
h a tch . In add ition , estab lishm en t o f  the 
te rrito ry  prio r to  in cu b a tio n  w ould  also 
reduce the  defence recesses o f  the  sitting 
female.

T he progressive rise in nest a ttentiveness 
in the  la tte r h a lf  o f  th e  egg laying phase  
(F igu re  2) is sim ilar to  th a t fo und  fo r C a n ad a  
G eese  (C o o p er 1978), th e  M alla rd  (C aldw ell 
and C ornw ell 1975) an d  the  Shoveler A n a s  
clyp ea ta  (A fton  1977), and  m ay  be typical 
fo r m an y  w aterfow l. F r ith  (1967) an d  M eirs 
and W illiam s (1969) rep o rted  th a t the  Black 
Sw an C ygnus a tra tu s  in itiates incubation  
p rio r to  laying th e  last egg. B anko  (1960) 
c ite d  egg fa ilu re  a s  a  m a jo r  fa c to r  in 
reducing  T ru m p eter Sw an p ro ductiv ity  and, 
based  on  the  fac t th a t m ost dead  em bryos 
w ere well developed, hypo thesized  th a t in 
cu b atio n  during  laying m ay  be th e  cause.

T r u m p e te r  S w a n  in c u b a t io n  p e r io d  
lengths, m easu red  from  th e  laying o f  the  last 
egg to  d ep artu re  o f  th e  young , have been 
rep o rted  as 3 3 -3 7  d ay s (B anko  1960), 
3 2 -3 3  d ay s (B anko  and  M a c K ay  1964), 33 
d ay s (Jo h n sto n e  1965) an d  3 3 -3 5  days 
(S h ep p ard  1962). D uring  th is study  a  33-day 
in cubation  period  w as reco rded , com posed  
o f  a  30-day in cubation  phase , a  2-day 
hatch ing  ph ase  an d  a  less th a n  1-day  d ep ar
tu re  phase. I believe th a t a  33-day  period  is 
p ro b ab ly  the  m inim um  in cubation  length. A 
sh o rte r period  w ould require  m o re  h eat input 
(h igher a ttentiveness) and I d o u b t th a t the 
pen can  increase  her a tten tiveness m uch  be
yond  th e  95—96%  level. C onverse ly , it is



likely th a t d istu rb an ce , causing  the  fem ale to  
leave the  nest m ore  often, w ould lengthen the 
in c u b a tio n  p e r io d  a s  w a s  re p o rte d  by  
B reckenridge (1956) for the  W ood  D uck A ix  
sponsa. T he h igh  atten tiveness and  lim ited 
tim e spen t feeding a re  indicative o f  fasting  by  
th e  fe m a le  d u r in g  in c u b a t io n .  I f  th e  
T ru m p e te r S w an ’s stra teg y  is sim ilar to  
fasting  stra teg ies hypothesized  by R yder 
(1970) fo r the  R o ss’ G o o se  A n se r  rossi and  
for the  C a n a d a  G o o se  by C o o p er (1978), 
w here th e  in te rnal reserves are  lim ited, then 
extension o f  th e  in cubation  period  m uch  be
yond  the  no rm  w ould  no t be expected. T his 
m ay  explain th e  relative n a rro w  range  o f 
observed  T ru m p eter incubation  lengths.

T he involvem ent o f  th e  incubating  fem ale 
in defence em phasizes the  significance o f 
te rrito ra lity  in th e  T ru m p e te r’s stra tegy , and 
the  low  p ro b ab ility  o f egg predation . I f  the 
fem ale is relatively  independent o f  food 
re so u rc e s  d u rin g  in c u b a tio n , th e n  he r 
behaviour m ain ta ins the  integrity  o f  the 
te rr ito ry  and  m ay , as K ear (1972) sta ted , en
sure  th a t food  is available to  the  cygnets. H er 
rap id  re tu rn  to  the  nest after defending, 
how ever, m ay  lessen  egg p redation . T h e  few 
reco rded  in stances w here T ru m p eter Sw an 
eggs have  been lost to  p red ato rs  o ccurred  
w hen th e  fem ale w as off the  nest (D ixon 
1931; Page  1976). T h e  highly vocal and 
visual d isp lay ing  prio r to  and during  the 
de fen ce  re ce ss  c e r ta in ly  c o u ld  serve  as 
signals o f  an  u n a tten d ed  nest to  poten tial egg 
p red ato rs.

T he postu res an d  d isp lays observed  in this 
study  w ith  th e  exception  o f  the  Trium ph  
d isp lay  co nfo rm  to  th e  general descrip tions 
for the  T ru m p e te r  by B anko  (1960), D eV os 
(1964), Jo h n sg a rd  (1965) and  o thers. T he 
Trium ph  d isp lay  acco rd ing  to  B anko  (1960) 
and  Jo h n sg ard  (1965) involves a  m utual 
d isp lay  o f  quivering-w ings, bobbing head 
and  s tacca to  tru m p etin g , ending in reclining 
neck  an d  w ings a n d  wailing notes. M y obser
vations suggest th a t  the  quivering-w ings 
co m p o n en t m ay  be th e  final po rtio n  o f  the 
defence d isp lay  and  th a t the  m utual head  
b o b b in g  an d  tru m p e tin g  c o n s titu te  th e  
Trium ph  d isp lay . O n  num erous occasions, 
d is tu rb an ces w hich pu t the  fem ale in the  alert 
postu re , w ere follow ed by  m utua l head 
bobbing  and  calling w ithout quivering o f  the 
wings. It m ay  be th a t the  captive  birds 
studied  w ere a ty p ica l and  th a t th e  Trium ph  
d isp lay  includes bo th  quivering-w ings and 
m utua l head  bobbing.

T h e  fac t th a t  com ponen ts o f  the  in cu b a
tion  rh y th m  (co n stan cy , recess length , ses
sion length, sitting spell length and break
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frequency) show  no  significant re la tion  to  
day  o f  in cubation , tim e o f d ay  or w eather 
conditions, ind ica te  th a t the  T ru m p eter Sw an 
has a  relatively  rigid p a tte rn  o f  incubation , 
and  su p p o rts  the  suggestion  th a t  the  b ird  is 
fasting, and, therefo re  relatively independent 
o f  the  env ironm ent. C o o p er (1978) reported  
a sim ilar lack  o f  co rre la tion  betw een en
v iro n m e n ta l c o n d itio n s  a n d  in c u b a tio n  
rh y th m  in th e  C a n a d a  G oose. H ow ever, A f
to n  (1977) fo u n d  th a t  m uch  o f  th e  varia tion  
in in cubation  rh y th m  in the  Shoveler could 
be explained by v a ria tion  in th e  w eather and 
s ta g e  o f  i n c u b a t io n .  F u r th e r m o r e  he 
concluded  th a t  th e  Shoveler w as highly 
dependent on  breeding g round  resources, 
w hereas C o o p e r felt the  C a n a d a  G o o se  w as 
independent o f  breeding g round  foods. C e r
ta in ly  the  re la tive  large T ru m p eter Sw an  egg 
w ith its slow  cooling ra te , and th e  potential 
fo r in ternal reserves in th is large bird, w ould 
perm it the developm ent o f  a  p a tte rn  indepen
den t o f  sh o rt term  v aria tions in th e  w eather.

T he ro le o f  the  m ale’s behav iour during 
nesting  ap p ea rs  to  be p rim arily  defence o f 
te rrito ry . T his is accom plished  by highly 
vocal and visible d isp lays w ith a  m inim um  o f 
physical c o n ta c t (B anko  1960) and , perhaps, 
b y  c o n t in u o u s  a d v e r t is e m e n t  v ia  th e  
c o n s p ic u o u s  w h ite  p lu m a g e  (W y n n e -  
E dw ards 1962). T he function  o f  the m ale’s 
involvem ent w ith th e  nest is unclear. In  con
tra s t  to  D eV o s’ (1964) o bservation  th a t  the 
m ale T ru m p e te r did no t assist positively in 
nest building, th e  B aker m ale co n tribu ted  to  
co n stru c tio n  o f  the  nest, yet his efforts were 
m inor co m p ared  to  his m a te ’s. Sim ilarly, the  
m ale’s visits to  the  nest while the  fem ale took  
a  norm al recess m ay  be in te rp reted  as egg 
p ro tec tion  (K e a r 1972). But, these  visits were 
in frequen t and  confined to  th e  early  portion  
o f  in cubation  phase. D iscounting  pro tec tion , 
one m ay  specu late  th a t  these  visits are 
vestigial, reflecting an  earlier stra teg y  w here 
the  m ale p a rtic ip a ted  in incubation  sim ilar to  
th a t observed  in the  B lack Sw an (M iers and  
W illiam s 1969), in th e  B ew ick ’s S w an  
(E vans 1975), an d  in the  W histling Sw an 
(S co tt 1977).

H a ap an en  e t al. (1977) m easu red  in cu b a
tio n  tim e  b u d g e ts  a n d  d e sc rib e d  n es t 
c o n s tru c tio n  b e h a v io u r  a n d  in c u b a tio n  
postu res o f  the  W h o o p er Sw an. Sim ilarities 
w ith th e  T ru m p e te r include a m inor m ale  in
volvem ent in nest co n stru c tio n , nest v isita
tion  w ithout sitting by  the  m ale during  an  in
cu b atio n  recess, the  pa rtic ip a tio n  o f  the  
fem ale in defence o f  th e  territo ry  and  the 
q u ive r in g -w in g s  d isp la y , an d  b im o d a l, 
day ligh t incu b a tio n  recesses th a t o ccu r m o st
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frequently  betw een 1600 and  2000. T he 
T ru m p e te r and W h o o p er Sw ans differed in 
the  length  o f  the  n o rm al recess, the  tim e 
spen t feeding by  th e  fem ale while o n  a recess, 
and  th e  degree o f  sleeping on  th e  nest. N o r
m al re c e ss  len g th  w as  lo n g e r  fo r  th e  
W hooper, averaging 25 m inutes fo r day  6 to  
19 o f  incubation  and  48 m in fro m  day  20 to  
32. T h e  T ru m p eter recesses average  21 m in 
and w ere no t co rre la ted  w ith th e  d ay  o f  in
cubation . R ecess activities also  differed b e t
ween the  tw o subspecies. T he W hoopers 
devo ted  from  64 to  72%  o f  the  n o rm al recess 
to  feeding while the  T ru m p e te r fem ale at 
B aker spen t on ly  38% . Sleep p o stu re  w as 
observed  so frequently  during  th e  W h o o p er 
in cubation  phase , 60%  o f  the  day ligh t hours 
(0 6 0 0  to  2200) an d  80%  o f  th e  n igh t hours 
(2 2 0 0  to  0600), th a t  it w as deem ed the  ‘n o r
m al’ incu b a tio n  p ostu re . In  co n tra st, the 
T ru m p eter fem ale a t B aker spen t an average 
o f  10%  o f  th e  day ligh t hours in sleep postu re  
and  75%  in norm al in cubation  posture . 
O verall, th e  W hooper devoted  85%  o f  the 
day  to  the  nest com p ared  to  th e  95 to  96%  o f 
the  T rum peter. W hether these  differences 
reflect subspecific va ria tio n  o r a re  the  result 
o f  individual v aria tion  can n o t be ascerta ined  
w ithout add itional study.

C o m p ariso n  o f  th e  nesting  beh av io u r o f  
the  T ru m p eter (th is study) an d  W h o o p er 
Sw ans (H a ap a n e n  et al. 1977) w ith th a t o f  
the  B ew ick’s (E vans 1975) a n d  W histling 
Sw ans (E vans 1977; Sco tt 1977) revealed 
few sim ilarities and  som e striking differences. 
Sim ilarities include a p red o m in an ce  o f  nest 
building by  th e  fem ale, m u tua l pa rtic ip a tio n  
in the  quivering-w ings  d isplay  an d  territo ria l 
defence (rep o rted  fo r W histling), and a high 
nest a tten tiveness during  th e  h a tch ing  phase. 
U n lik e  th e ir  la rg e r  re la tiv e s , th e  m ale  
Bewick’s and  W histling  Sw ans incubate. 
E vans (1975) found  th a t cap tive  B ew ick’s 
m ales spen t from  2 to  42%  o f  th e  day  sitting 
on  the  nest, and S co tt (1977) observed 
W histling Sw an cobs incubating  from  10 to  
27%  o f  th e  day . M oreover, th e  sm aller 
n o rth ern  sw ans a re  m ore a tten tive  to  the 
nest. W ith  b o th  sexes sharing incubation , 
S co tt (1977) com p u ted  a 97 to  99%  in cu b a
tion  for th e  W histling Sw an. E v an s (1975) 
did no t rep o rt co n stan cy  d a ta , how ever from  
her descrip tions o f  the  B ew ick’s activities 
pa tte rns, it is evident th a t the  nest w as 
seldom  left u na ttended . N o  sleeping postu res 
w ere observed  for the  B ew ick’s o r W histling 
sw an , w h ile  th e  la t te r  w h en  d is tu rb e d  
assum ed a  hiding p o stu re  sim ilar to  th a t o f  
the  C a n a d a  G o o se  (C ooper 1978).

B ased on these  lim ited studies, it appears

th a t  the  T ru m p e te r and  W h o o p er Sw ans 
have nearly  identical nesting  b ehav iours, and 
th a t  B ew ick’s and  W histling  Sw an nesting 
behav iours while sim ilar, differ significantly 
from  their larger relatives. T hese  d a ta  sup
p o rt D e laco u r and  M a y r’s (1945) classifica
tion  o f  the  n o rth e rn  sw ans, w here th e  larger, 
m o re  so u th e r ly  b re ed in g  b ird s  a n d  th e  
sm aller, tu n d ra  breeding sw ans are  g rouped 
in to  2 species w ith 2 subspecies each. I 
believe th a t th e  bisexual incu b a tio n  o f  the 
W h is tlin g  a n d  B ew ick ’s S w an s  a n d  its 
absence  in th e  reproductive  stra teg ies o f  the 
W hooper and T ru m p eter Sw ans is significant 
enough  to  m ake Jo h n sg a rd ’s (1974) lum ping 
o f  all 4 n o rth ern  sw ans as one  species and 
P a lm er’s (1976) sep ara tio n  o f  T ru m p eter 
and  W hooper S w ans in to  2 species, doubtful.

Several ten ta tive  hypo theses m ay  be ad 
v anced  to  explain th e  differences in nesting 
behav iours o f  th e  sm aller and  larger n o rthern  
sw an s . T h e  b isex u a l in c u b a tio n  o f  th e  
sm aller, tu n d ra  breeding b irds, resulting in a 
h igher in cubation  co n stan cy , perm its, ( 1) a 
m inim um  in cubation  period, (2) an  increase 
in the  p ro tec tion  o f  th e  eggs from  p red a to rs  
and  (3) a  h igher level o f  feeding by the 
fem ale during  laying an d  incubation . N esting 
in n o rth ern  latitudes, the  B ew ick’s and 
W histling Sw ans are  sub jected  to  critically  
sh o rt breeding seasons. L ensink  (1974) sta ted  
th a t the  tim ing o f  b reeding and fledging w ere 
th e  m o s t s ig n ifican t f a c to r s  in fluencing  
W histling Sw an rep ro d u c tio n . By m ain 
tain ing  a  h igher in cubation  co n stan cy , the 
sm aller sw ans have  a  m inim um  incubation  
period. R eported  in cubation  period  lengths 
su p p o rt th is concep t. W ith  nearly  co n stan t 
egg heating , B ew ick’s Sw an y oung  leave the 
nest in 2 9 -3 0  d ay s a fte r the  last egg is laid 
(Jo h n s to n e  1957), a n d  W h is tlin g  S w an  
cygnets d ep art in 31 d ay s (B ellrose 1976), 
w hereas th e  T ru m p e te r Sw an h as a  33-day 
in c u b a tio n  p e rio d  ( th is  s tu d y )  an d  th e  
W hooper Sw an a  34-day  period  (H aap an en  
e t al. 1973). C o o p e r (1978) found  th a t 
p red a tio n  o f  C a n a d a  G o o se  nests w as signifi
can tly  influenced by the  size o f  the  p red a to r 
relative to  size o f  the  goose an d  the degree o f  
d ry , up land  access afforded th e  p red ato rs  a t 
the  nest site. W hile egg p red atio n  is no t con
sidered  a significant fa c to r in sw an rep ro d u c
tive success (K e a r 1972), C o o p e r’s findings 
im ply th a t  th e  po ten tial for egg loss to 
p red a to rs  should  be g reater fo r the  sm aller 
sw ans w hich tend  to  nest in th e  up lan d  (K ear
1972). F u rth e rm o re , th e  p resence o f  a  hiding 
p o stu re  o f  the  W histling Sw an (S co tt 1977) 
suggests th a t  p red atio n  h as been  a fac to r in 
the  evolution  o f  the  nesting  behav iour o f  this
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bird. S co tt (1977) hypothesized  indirectly 
th a t te rrito ria l defence w as m ore im po rtan t 
to  T ru m p eter an d  W h o o p er Sw ans and  th a t 
B ew ick’s and W histling  m ales could  spend 
m ore tim e on  th e  eggs as a  resu lt o f  the  lower 
involvem ent in defence. I t  ap p ears (this 
s tudy) th a t territo ria l defence is a  m ajo r 
co m p o n en t o f  th e  T ru m p eter Sw an breeding 
s tra teg y  and  h as  resu lted  from  the  critical 
food  requ irem en ts o f  th e  y oung  and the 
lim ited nesting  h ab ita t. In  co n tra st, w ith a 
g rea t expanse  o f  su itable h ab ita t in the  fa r 
n o rth  b u t a  sh o rt b reeding season, the 
sm aller sw ans m ay  have  evolved a  stra tegy  
th a t perm its th e  fem ale to  feed m ore during  
laying and  incu b a tio n  and  th u s enable her to  
d e v o te  a d d itio n a l tim e  to  a ss is tin g  th e  
feeding young  (tram pling) during th e  sh o rt 
b ro o d  rearing  period .

T h e  m o st strik ing  difference betw een the 
in cubation  p a tte rn  o f  th e  T ru m p eter and  th a t 
o f  o th er in tensively  studied  w aterfow l is the 
sh o rt sitting spells. C o o p er (1978) found  th a t 
th e  C a n a d a  G o o se  h ad  an average sitting 
spell length  o f  68 m in while C aldw ell and 
C ornw ell (1 9 7 5 ) rep o rted  th e  M alla rd  took  
1 -6 to  2 -0  nest b re ak s  per h o u r, equivalent to  
30  to  38 m in sitting  spells. T he frequen t shift
ing a t the  nest m ay  be a  h ea t d istribu tion  
m echanism . H e a t m ay  be d istribu ted  evenly 
by  changing  th e  o rien ta tion  o f the  body  
relative to  th e  eggs ra th e r th an  shifting the 
eggs relative to  th e  body . T he absence o f  
p r e d a to r  p r e s s u r e  w o u ld  p e r m i t  su c h  
behaviour. In  th e  sm aller species w here  m o 
tion  a t th e  nest m ay  a ttrac t p red ato rs, egg 
m ovem ent w ould  be  m ore advantageous. 
T he position  o f  th e  eggs relative to  the  feet 
m ay  also be im p o rtan t. T he T ru m p eter h as a 
poorly  developed b ro o d  p a tch  and  m uch  o f  
the  h eat p rov ided  to  th e  eggs m ay  com e from  
the  feet. T he final m otion  o f  the  settling 
w here  th e  b o d y  is rocked  from  side to  side 
a n d  fee t shuffled  a p p e a rs  to  re su lt in 
p o s itio n in g  o f  th e  fee t u n d e r  th e  eggs. 
W aterfow l have a  well developed m echanism  
fo r th erm o reg u la tio n  o f  th e  feet (K ilgore and 
S chm id t-N ielsen  1975), and  th u s a p o ten 
tia lly  efficient m echan ism  fo r h eat transfer.

P age  (1976) suggested  th a t h u m an  ac 
tivities n ear T ru m p e te r Sw an nests could  be 
detrim ental. T h e  resu lts o f  th is study  provide 
several guidelines fo r assessing d istu rbances. 
H u m a n  a c tiv itie s  th a t  re su lt in  n o rm a l 
recesses longer th a n  150 m in, in m ore  th an  7 
recesses per d a y  or in incubation  periods 
consisten tly  longer th an  33 d ay s m ay  be 
deem ed significant. Sim ilarly, the  failure o f 
th e  fem ale to  in itiate  incubation  once b reast 
dow n is p lucked  or th e  p resence o f  co ld  eggs

in th e  nest afte r c lu tch  com pletion  should be 
considered  abnorm al.
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S um m ary

Captive Trumpeter Swan Cygnus cygnus buc
cinator  breeding behaviour was observed, 
photographed and electronically monitored in the 
H e n n e p in  C o u n ty  P a rk  R e s e rv e s  n e a r  
Minneapolis, Minnesota from 1975 to 1977.

The nesting period was divided into 5 phases: 
prelaying, laying, incubation, hatching and depar
ture. The female constructed the nest with minor 
assistance from the male and incubated the eggs. 
Egg laying intervals were estimated at 39 to 48 
hours. The female spent 94 -1% of the day on the 
nest in 1975 and 95-7% in 1976. Times off the 
nest (recesses) were restricted to the daylight 
hours and were classified as nest material 
gathering, normal or defence recesses. Normal 
and defence recesses did not differ significantly in 
length, averaging 21 and 18 min respectively. 
Normal recesses occurred primarily from 1500 to 
1900, whereas defence recesses were observed in 
both m orning and evening when intruding 
Canada Geese Branta canadensis were most ac
tive. Hatching began 30 days after the last egg 
was laid, was complete by day 32 and the cygnets 
left the nest on the morning of day 33. Postures 
and displays were described for all phases of 
nesting.

The involvement of the pair and particularly 
the incubating female in territorial defence, 
combined with apparent fasting of the female 
during this phase, suggests that protection of food 
resources for the cygnets is significant. The 
nesting behaviour of the northern swans were 
compared and, based on striking differences in the 
behaviours o f the larger (Trumpeter and Whooper 
C. cygnus Cygnus) and the smaller (Bewick’s C. 
c o lu m b ia n u s  b e w ic k i i  an d  W h is tlin g  C. 
columbianus columbianus) members of the group, 
Delacour and M ayr’s (1945) classification of 
these birds supported.
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