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Weights and measurements of wintering Tundra Swans

In troduction

T he  w eight o f  a b ird  is one o f th e  easiest 
body  p a ra m e te rs  to  m easure  in th e  field. 
W eigh ts have b een  used  as a m easure of 
cond ition  fo r a v a rie ty  o f w aterfow l species, 
p rim arily  geese (H anson  1962; R aveling 
1968; A n k n ey  1979; O w en and  Ogilvie
1979) an d  diving ducks (E rsk ine  1971 ; R yan 
1972; N icho ls an d  H aram is 1980). A n 
ex tensive  analysis o f th e  w eights and  m ea­
su rem en ts  o f th e  second  largest N orth  
A m erican  species o f w aterfow l, th e  T und ra  
Sw an C ygnus co lum bianus co lum bianus has 
n o t b een  co n d u c ted . B anko  (1960) gave 
resu lts  from  23 ad u lt T u n d ra  Sw ans, S laden 
et al. ( 1981 ) re p o r te d  som e p relim inary  data  
on w eights using a  po rtion  o f th e  da ta  set 
analysed  in th is p a p e r , and  B o rtn c r (1985) 
p re s e n te d  s tru c tu ra l m easu rem en ts  and  
w eights o f  196 w in tering  sw ans co llected  in 
N o rth  C aro lina . T he  w eights o f th e  E u ro ­
p ean  subspecies, th e  B ew ick’s Swan C. c. 
bew ickii w in tering  a t S lim bridge, G louces­
te rsh ire , E n g lan d  have been  analysed for 
seasona l an d  individual varia tions (E vans 
and  K ear 1978).

T h e  o p p o rtu n ity  to  analyse a large series 
o f w eights an d  m easu rem en ts o f T und ra  
Sw an has re su lted  from  the  long term  eco lo­
gical an d  b ehav iou ra l study  of these birds 
begun  in 1966 by  th e  Swan R esearch  P ro ­
g ram  a t th e  Jo h n s  H opk ins U niversity . This 
study  involves m ark ing  th e  swans with 
ind iv idually  co d ed  plastic neck and tarsus 
b ands in ad d ition  to  th e  stan d ard  U .S . Fish 
a n d  W ild life  S e rv ice  a lu m in iu m  b an d  
(S ladcn  1973). B irds cap tu red  on their 
b reed in g  an d  w in tering  g rounds have been 
ro u tin e ly  w eighed  as p a rt o f th e  banding 
process. S ince 1982 a series o f m orphologi­
cal m easu rem en ts  have also been  taken . 
T h is  p a p e r  re p o r ts  on th e  analysis o f 
w eights an d  m easu rem en ts  o f w intering 
T u n d ra  Sw ans cap tu red  during N o v em b er- 
A pril.

M ethods

R o ck e t n e ts , funnel trap s, and  drugs w ere 
u sed  to  c ap tu re  1,280 sw ans on th e ir eastern  
w in te ring  g ro u n d s in M ary land  (1967-84) 
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and  2,303 in N orth  C aro lina (1972-84). 
Sw ans w ere caught in the C hesapeake Bay 
a rea  o f M ary land  from  N ovem ber through 
A pril. Sam ple sizes fo r N ovem ber and 
D ecem ber w ere  small because the w ate r­
fowl hun ting  season and accom panying 
restric tions on baiting  reduced  the num ber 
o f po ten tia l trap p in g  sites. In eastern  N orth  
C aro lin a , sw ans w ere cap tu red  by rocket 
n e t a t M attam u sk ce t and  Pungo N ational 
W ildlife R efuges betw een  17th January  and 
24th F eb ruary . T he m edian date  o f cap ture  
w as 9th F eb ru a ry  (n = 2 8  catches).

A fte r be ing  ban d ed , aged , and sexed, 
each swan was p laced in a restrain ing 
ja c k e t, w eighed  to  the neares t 0.1 kg using a 
C hatillon  spring  balance. M easurem ents 
w ere tak en  o f  the culm en length , an te rio r 
end  o f th e  nares  to  tip  o f bill, gape length, 
ta rsus leng th , and  m iddle toe length (not 
including the  claw ). T he culm en length is an 
im p re c is e  m e a s u re m e n t  in ju v e n i le s  
b ecau se  o f ind iv idual varia tio n  in the 
am o u n t o f fea thering  rem aining on the 
cu lm en. A lm ost all o f the m easurem ents 
(> 9 6 % ) w ere tak en  by H A A . T he bird as 
th en  re leased . O nly  the w eight and m ea­
su rem en ts  at first cap tu re  or w eight at first 
recap tu re  in su bsequen t years w ere used in 
th e  analyses. Sw ans w ere aged as adults, 
subadu lts  (second  w in ter) and juvenile  (first 
w in ter) based  on p lum age characteristics. 
Indiv iduals w ere  classified as subadults if 
th e re  w as ev idence of unm oulted  gray juve­
nile p lum age, found  chiefly on the head , 
neck , and  w ing coverts, on an o therw ise

Table 1. Average weights (kg) of Tundra Swans 
captured on their Maryland and North Carolina 
wintering grounds (November-April) 1966-67 to 
1983-84.

N Mean ±  SE Range

Adults
Male 1447 7.2±0.02 3.8-10.5
Female 1290 6.3±0.02 4 .1 - 9.0

Subadults
Male 87 6.6±0.08 5 .1 - 8.6
Female 57 5.8±0.09 4 .1 - 7.0

Juveniles
Male 299 6.1 ±0.05 3 .4 - 8.9
Female 403 5.6±0.04 3 .2 - 8.0
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w hite  (ad u lt) p lum aged  b ird . A  sim ilar 
c rite rio n  w as used  by E vans and  K ear 
( 1978) to  iden tify  subadu lt B ew ick’s Swans. 
Sex w as d e te rm in e d  by c loacal exam ­
ina tion .

D ifferences am ong m eans w ere tested  
w ith  o n e -w a y  a n a ly s is  o f  v a r ia n c e  
(A N O V A ) w ith m ultiple com parisons. Sig­
nificance was determ ined  a t the P3=0.05 
level unless o therw ise s ta ted . Statistical 
tests follow ed procedures from  Sokal and 
R ohlf (1981).

Results

Weights

M ean w eights and  ranges fo r each age and  
sex class, a to ta l o f 3,583, o b ta ined  from  
1967 to  1984, are  show n in T able  1. T he 
d istribution  of w eights o f adu lts and  ju v en ­
iles approx im ated  a norm al d istribu tion  and 
tests fo r skew and kurtosis w ere no t sig­
nificant.

Significant differences w ere found  in the 
w eights o f each age class w ithin a sex for 
birds cap tu red  on the w intering  grounds 
(T able 1). A du lt m ales w ere 9%  and  15% 
h e a v ie r  th a n  su b a d u lts  an d  ju v e n ile s  
respectively, w hile adult fem ales w ere 8% 
and  13% heavier than  subadult and  juvenile 
fem ales. M ales w ere  also  significantly  
heav ier than  fem ales in all age groups with 
w in tering  m ales being 14% heav ie r in 
adults, 12% in subadults, and 9%  in ju v en ­
iles.

Seasonal W eight Variation

D ata  fo r all banding  locations and  all years 
w ere pooled  to  provide a sufficiently large 
sam ple size in each w intering  m onth  to 
analyse seasonal variation  (T able 2). A dult 
swans exhibited  a peak  w eight in D ecem ber 
o f 8.3 kg fo r m ales and  7.5 kg fo r fem ales. 
H ow ever, the small sam ple size in N ovem ­
ber precludes a ttach ing  any statistical sig­
nificance to  the increase to  D ecem ber. The 
adult m ales and  fem ales then  lost approx­
im ately 1.2 and 1.3 kg respectively betw een 
D ecem ber and  January . W eights fo r adults 
rem ained  fairly stable th rough  the rem ain ­
d e r o f the w in ter, although decreasing 
slightly in M arch to  7.1 kg fo r m ales and 6.1 
kg for fem ales.

Juveniles by con trast w ere apparen tly  at 
the ir peak  w eight, 7 .0  kg fo r m ales and  6.7 
kg for fem ales, in N ovem ber, though in 
very small sam ples. Juvenile m ales lost 
w eight th roughou t the w in ter to  5.9 kg in 
M arch. A lthough juvenile fem ales show ed 
an ap p a ren t decline in w eight from  N ovem ­
ber to  D ecem ber, they  w ere slightly heavier 
in January  and F ebruary  bu t declined by 0.4 
kg in M arch to  a seasonal low of 5.3 kg.

T he subadults w ere only cap tu red  in 
adequate  num bers in January  and F eb ru ­
ary. T he w eights o f both  subadult m ales and 
fem ales w ere stable in these tw o m onths, at
6.6 kg and 6.1 kg.

A n n u a l W eight Variation

T he consistent sam pling tim e, location , and 
m ethod  of cap tu re  in N orth  C arolina p ro ­

Table 2. Seasonal variation in the weights (kg) of 3,583 wintering Tundra Swans, 1966-67 to 1983-84.

NOV DEC JAN FEB MAR APR

Adult 7.3 8 .3 ± 0 .17 7.1 ±0.06 7.2±0.03 7.1 ±0.07 7.0
Males ( 1) (28) (212) (1061) (144) ( 1)
Adults 6.6±0.52 7.5 ±0.13 6.2±0.06 6.3±0.02 6 .1 ±0.05 5.9±0.75
Females (6 ) (29) (176) (928) (149) (2 )
Subaduit 6 .6 ± 0 .15 6 .6 ± 0 . 10 7.1 ±0.35
Males (18) (64) (?)
Subadult 6.1 ± 0.20 6.1 ± 0.10 5.3±0.24 4.8
Females ( 10) (42) (4) ( 1)
Juvenile 7.0±0.49 6.8±0.24 6.4±0.24 6.4±0.06 5 .9 ± 0 .12 5 .3 ± 0 .14
Males (?) (22) (25) (186) (54) (7)
Juvenile 6.5 ±0.55 5 .6 ± 0 .19 5 .7 ± 0 .15 5.7±0.05 5 .3 ± 0 .10 5.3+0.36
Females (3) (22) (33) (261) (78) (6 )

Values are mean ±  SE and num ber of individuals (n).
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y e a r  y e a r

Figure 1. Annual average weights (kg) of wintering Tundra Swans captured between 17th January 
and 24th February (median = 9th Feb) at Mattamuskeet and Pungo NWRs, North Carolina.
( • )  =  Male (■ ) =  Female. Open symbols indicate sample sizes <  5.

vided an oppo rtun ity  to  analyse betw een 
year fluctuations in swan w eights (F igure 1 ). 
M axim um  and m inim um  average w eights 
occurred  in the sam e years for adu lt m ales 
and fem ales. T he  h ighest average w eight 
was found  in 1972 and 1982, w hile the 
low est average w eight was recorded  in 
1977. A dult T u n d ra  Swans in 1977 w ere 
8.4%  for m ales and 11.1% for fem ales 
below  their average w eights for th a t tim e of 
year. T he peak w eights w ere 11.1% and 
9 .5%  above th e  average for adu lt m ales and 
fem ales. T he m axim um  average w eight of 
6.8 kg for juvenile  m ales occurred  in 1972, 
while the low est average w eight o f 5.5 kg 
was found in 1977. T he 1977 w eight was 
14.1%  below  th e  av e rag e  w eigh t fo r 
juvenile  m ales fo r tha t tim e o f year. T he 
m axim um  average w eight was 6 .3%  above 
the average for F ebruary . Juvenile fem ales 
had th e ir highest average w eight o f 6.5 kg in 
1972, 1982, and 1984 and  this was 10.5% 
above th e  overall average. T he ir minim um  
average w eight o f 5.1 kg (11.5%  below  
average), occurred  in 1977. Sam ple sizes for 
juvenile swans w ere much sm aller than  
th o se  fo r a d u lt . Ju v en ile  m ales w ere  
especially difficult to  obtain . Less than  five 
juvenile m ales w ere cap tu red  for banding in 
4 (31% ) of 13 years.

M easurem ents
T he m easurem ents of 581 swans taken  since 
1982 are  show n in T able 3. A nalysis of 
variance w ith m ultiple com parisons was 
used  to  tes t fo r significant d ifferences in the 
m ean values fo r each m orphom etric  vari­
able for all age and  sex groups.

C ulm en length was significantly d ifferent 
betw een all ages o f the sam e sex, bu t only 
adults w ere significantly d ifferen t betw een 
sexes, (PcO .OO l). T he length from  the 
an te rio r end  o f  the  nares to  th e  tip  of the bill 
was significantly d ifferen t betw een all ages 
(P < 0 .0 1 ) excep t subadult and juvenile m ale 
a n d  a d u lt an d  ju v e n ile  fe m a le s , an d  
betw een all sex classes except juveniles. 
T he gape length was significantly d ifferen t 
am ong th e  age groups only betw een  adult 
and  subadu lt m ales, bu t was significantly 
d ifferen t (P < 0 .0 1 ) betw een the  sexes ex­
cep t in the subadults. T he length of the 
m iddle toe excluding the claw was not 
significantly d ifferen t in any o f the age 
g roups , significantly  d iffe ren t (P < 0 .0 1 ) 
betw een  the sexes. T he tarsus length was 
significantly d ifferen t am ong all ages except 
subadult and  juvenile  m ales and adult and 
juvenile  fem ales. T arsus length was sig­
nificantly d ifferen t (P<0.()1) for all sex 
classes.
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Table 3. Structural measurements (mm) of 581 Tundra Swans wintering in Maryland and North 
Carolina during 1981-84.

Culmen
Nares to 
Bill Tip Gape

Middle
Toe Tarsus

Adult 103.710.31* 4 4 .6 ± 0 .16 93.5±0.23 125.3±0.44 115.7±0.39
Males (305) (305) (305) (305) (290)

90-118 37-54 81-106 105-136 94-146
Adult 101.1 ±0.40 43.4±0.21 90.6+0.27 119.3+0.51 110.3 ±0.47
Females (164) (164) (164) (164) (160)

89-117 37-52 84-100 105-136 92-134
Subadult 97.6 ± 1.18 43.1 ±0.47 91,8±0.73 123.4 ±  1.39 113.2 ±  1.06
Males (27) (27) (27) (27) (27)

87-107 39—17 84-100 109-137 104-127

Subadult 94.7± 1.43 41.1 ±0.50 89.2±  1.14 117.8±  1.76 105.2+1.74
Females (1 3 ) (13) (1 3 ) (1 3 ) ( 10)

87-105 38-45 84-97 104-127 96-113
Juvenile 88 .4 ±  1.24 43.3±0.43 92.6±0.59 124.2 ±  1.17 113.7±0.7()
Males (34) (34) (34) (34) (33)

79-104 39-48 85-100 102-138 100-122
Juvenile 89.1 ±1.22 43.0±0.38 90.9±0.48 119.3 ±  1.30 111,3±  1.06
Females (38) (38) (38) (38) (37)

73-104 39-49 84-98V 100-137 98-126

’ Values arc mean ±  SE. num ber o f individuals (n) and range.

Discussion

T he significant w eight d ifference betw een 
T u n d ra  Swans aged as juven iles , subadults, 
and adults and  betw een m ales and  fem ales 
was sim ilar to  findings rep o rted  by Evans 
and  K ea r (1978) fo r B ew ick ’s Sw ans. 
H ow ever, th e  T und ra  Swans ranged from 
0.4 to  0.8 kg heavier than  the B ew ick’s 
Swans in m ean weight.

T he w eight loss in w intering  T undra  
Swans which was found is sim ilar to  findings 
fo r o th e r w intering  w aterfow l including 
T und ra  Swans in N orth  C aro lina (B ortner
1985), M ute Swan C ygnus o lor  (A ndersen- 
H arild  1981), C anada G eese  Branta cana­
densis (E ld e r 1946; H anson 1962; R aveling 
1968; M cL andress and  R aveling 1981), 
M allard  A nas p la tyrhynchos  (O w en and 
C ook 1977), and Black D uck A n a s rubripes 
(R einccke et al. 1982). T he w in ter w eight 
reduction  observed  in free-living w aterfow l 
in these studies and in the p resen t investiga­
tion is probably  the result o f an endogenous 
w eight loss cycle to  reduce energy costs 
from  carrying ex tra  weight.

An exception  to  the trend  fo r free-living 
w aterfow l to  lose w eight over w in ter would 
seem  to be Evans and K ear's  (1978) data  for 
Bewick’s Swans w intering at Slim bridge. 
T hese birds increased in w eight a fter the ir

arrival in late O cto b er o r  early  N ovem ber 
until the  end  of D ecem ber and then  m ain­
ta in ed  o r only slightly decreased  th e ir 
w eight during January . T he B ew ick's Swans 
popu la tion  w intering  at Slim bridge aver­
aged about 450 birds (E vans 1979) and  was 
given supplem ental feeds o f up to  407 kg/ 
day of grain (w heat o r barley ), bu t part o f 
this was consum ed by “thousands o f ducks” 
and thus the am ount tak en  by the swans was 
no t know n (R ees 1982). T he daily sup­
plem ental feeds m ight have been  sufficient 
to  allow  the sw ans to  m aintain  a h igher body 
w eight at a low er energy cost by spending 
large p ropo rtions o f th e ir tim e at the p ro ­
visioned site (E vans 1980). U nfo rtunate ly  
no w eights and seasonal w eight changes of 
Bew ick's Swans no t being  supplem entally  
fed , w ere available fo r com parison.

T here  w ere large and significant fluctu­
ations in the w eights o f adu lt swans w in ter­
ing in N orth  C aro lina in d ifferen t years, 
w ith the sexes follow ing sim ilar pa tterns 
w ithin th e ir respective age groups. T he 
m inim um  m ean w eights fo r all swans occur­
red  in 1977. T he 1976-77 w in ter had daily 
m axim um  te rm p era tu rcs , in the m onth  p re ­
ceding banding , averaging 8° C below  nor­
mal and  was the coldest w in ter during the 
study  p e rio d . A n d c rse n -H a rild  (1981) 
fo u n d  th a t  M u te  S w ans w in te r in g  in
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D enm ark  began to  die w hen th e ir body 
w eight fell to  tw o-th irds o f the norm al 
average fo r th a t tim e o f year. T he T und ra  
Swans in the present study were not 
approach ing  th a t m agnitude of w eight loss 
and  w ere probab ly  no t in danger of starving 
even during the severe w in ter o f 1976-77.

W ith exception  of th e  highly variable 
culm en length , juvenile  fem ales had by the 
w in ter achieved adu lt p roportions in all the 
stru c tu ra l variab les m easu red . Juven ile  
m ales w ere significantly  d iffe ren t from  
adults in m easurem en ts o f the nares to  bill 
tip  length and  tarsus length , in addition  to  
th e  culm en length . A lthough  the differ­
ences w ere  sta tistica lly  significant, th e  
values for juvenile  m ales w ere 97.1 and 
98 .3 %  o f  th e  a d u lt v a lu es  fo r th e se  
m easurem ents.

Sw ans classified as su badu lts  in the 
p resen t sam ple ra th e r suprisingly had sm al­
ler m easurem en ts than  juven iles for all 
m orphological variables except the culm en 
len g th , w h ere  th e y  w ere  in te rm e d ia te  
betw een juven iles and  adults. O therw ise 
the d ifferences failed to  reach significance 
except in the nares -  bill tip  and  tarsus 
m easu rem en ts  fo r fem ales on ly . It is 
possible th a t the rem nan t gray juvenile 
p lum age used to assign birds to  the subadult 
age class had resu lted  in selecting birds 
w hich as juveniles the previous year had 
been  in “p o o r” condition . Such juveniles 
m ight no t have undergone as com plete a 
body m oult as juven iles in b e tte r  condition . 
T he la tte r could have undergone a com plete 
body m oult in to  all w hite p lum age and  so be 
classed as adults. O bservations on captive 
raised  T u n d ra  Sw ans by W JLS and R JL  do 
indicate th a t rem nan t juvenile  plum age 
m ay no t be p resen t on a subadult. T he 
“p o o re r” condition  could also have been 
reflected  in reduced  body grow th. Sedinger 
and  R aveling (1984) specu lated  th a t the 
selection of high p ro tein  vegetation  by 
young Cackling G eese  Branta canadensis 
m in im a  w ould  resu lt in a “m axim ised 
grow th ra te , final adu lt size, and ability to 
store  fat and  p ro te in .”

T he m ean m easurem en ts fo r adult cul­
m en length and  m iddle toe length w ere 
sim ilar to  averages rep o rted  by B anko 
(1960) although th e  range in values was 
m uch larger than  his because of the larger 
sam ple size. T he adu lt and  juvenile culm en 
and  tarsus m easu rem en ts p resen ted  by 
B o rtn er (1985) w ere also sim ilar to  the 
presen t findings. T he  tarsus m easurem ent

was m uch larger than  th a t rep o rted  by 
B anko and probab ly  reflects a difference in 
techn ique . B anko  also s ta ted  th a t the 
m easu rem en t o f the distance from  the 
an te rio r end  o f the nares to  th e  tip o f the bill 
could be used to  d ifferen tia te  T rum peter 
Swans C ygnus Cygnus buccinator from  T u n ­
dra Swans. H e concluded th a t an adu lt o f 
e ith e r sex having a value of 50 mm or m ore 
fo r this m easurem en t was a T ru m p eter 
Swan. T he nares to  bill tip m easurem en t in 
the p resen t study ranged up to  54 mm for 
adu lt m ales and  52 mm for adu lt fem ales 
(T able  3). H ow ever, as a p ropo rtion  of the 
swans m easured , adu lt m ales w ith 50 mm or 
m ore rep resen ted  only 2.6%  and  adult 
fem ales 1.2%  of th e ir respective sam ples. 
T hus, w hile th e re  is som e overlap  betw een 
T ru m p e te r and  T und ra  Swans in all the 
m orphom etric  variables exam ined (B anko 
1960), the sm allness o f the overlap  found 
fo r th e  nares to  tip  o f th e  bill m easurem ent 
w ould indeed  provide a good basis for 
d isc rim ina ting  betw een  T ru m p e te r  and 
T und ra  Swans.
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Sum m ary
T undra  Swans Cygnus columbianus columbianus 
were captured  on their eastern USA wintering 
grounds in M aryland and North Carolina during 
1966-84. W eights were taken on 3,583 of these 
swans and 581 were also m easured for culmen, 
gape, nares-to-bill-tip, middle toe, and tarsus 
length. E ach swan was sexed and aged as an 
adu lt, subadult, o r juvenile.

Significant differences in weights were found 
betw een age and sex groups, and within seasons. 
V ariations in weights betw een years were exam ­
ined for swans captured in late January and 
February. Significant differences were found in 
som e structural m easurem ents between sex and 
age groups.
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