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THE CONDITION OF BEWICK'S SWANS Cygnus columbianus bewickii

IN WINTER AS ASSESSED BY THEIR ABDOMINAL PROFILES

JONATHAN M. BOWLER

ABSTRACT An Abdominal Profile (AP) scale was developed to assess
body condition of Bewick's Swans in the field. Change in AP score for in
dividual birds correlated significantly with change in their body mass;
moreover AP was significantly correlated with condition indices that were
designed to remove the potential confounding effects of variation in size
between individuals. This demonstrates, for the first time, that mass can be
predicted from AP. There was considerable overlap between the values of
adjacent profiles however, indicating that predictions for single birds may
not be very precise. Generalised linear models were used to examine the
variation in AP between birds; variables which statistically accounted for
some of the variation included month, year, sex, status, dominance-rank
and the multiple effects of month Xyear, and month X status. Females had
significantly higher AP scores than males throughout the winter. The effect
of social dominance upon AP was opposite for the two sexes; low-ranking
single males had higher AP scores than higher-ranking paired males, whilst
low-ranking single females had lower AP scores than higher-ranking paired
females.

Wildfowl & Wetlands Trust, Slimbridge, Gloucestershire GL2 7BT, United
Kingdom.

INTRODUCTION

The Bewick's Swan Cygnus columbianus bewick
ii is a wholly migratory species that breeds on the
arctic tundra of Russia. Swans from the western
part of the breeding range winter in Europe, pri
marily in The Netherlands and Britain, with
smaller numbers in Germany, Denmark and Ire
land (Ogilvie 1972a). The study site at Slim
bridge, Gloucestershire, England (51 044'N,
02°25 'W) lies towards the western edge of the
winter range, and has been used regularly by
Bewick's Swans since the 1950s. Choice of win
tering site is important since the fat reserves de
veloped by the birds prior to the spring migration
serve to fuel the c4,500 km return flight to the
summer breeding grounds and may also affect
condition upon arrival at the nest sites. Snow cov
er may severely reduce the availability of food
during the pre-nesting period (pers. obs.) so the
quantity of stored fat reserves could directly af
fect egg production in females, territorial defence
activity in males, and therefore ultimately breed-
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ing success (Harvey 1971) as has been demon
strated in other arctic nesting species (Ankney &
MacInnes 1978, Drent & Daan 1980).

The current study investigates the acquisition
of fat reserves by individual swans whilst over
wintering at Slimbridge as assessed by their ab
dominal profile (AP). Fat content is a good indica
tor of 'condition', defined as the fitness of a bird
to cope with its present and future needs (Owen
1981). The mass of the abdominal fat has been
found to be a good predictor of total body fat in
Lesser Snow Geese Anser c. caeruiescens and
Canada Geese Branta canadensis (Thomas &
Mainguy 1983). The use of AP as a technique for
assessing condition is well established amongst
Branta geese (Owen 1981, Owen & Black 1989,
Johnson & Sibly 1993) and has also been applied
to grey geese (Loonen et al. 1991, Van Eerden et
al. 1991, Warren 1990, and Mayes 1991). Of the
three species of swan that occur naturally in Eu
rope the Bewick's Swan is most akin to geese in
size. Moreover, the relatively short distance
between the tail and the lowest point of the belly
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causes fat accumulation in this area (as revealed
by the dissection of swans that had died by collid
ing with power-lines) to produce similar profiles
to those seen in geese. An AP scale similar to the
one described by Owen (1981) was developed for
the study. The validity of using this method is as
sessed by comparing biometric data recorded
upon catching swans for ringing, with abdominal
profiles made during observations of the same in
dividuals in the field. A number of variables are
likely to affect AP and correlates of AP were in
vestigated in relation to time, year, social status
(recorded as single, paired, or paired with cyg
nets), dominance-rank and sex.

MATERIALS & METHODS

Field observations of Swans
During the winters 1990-91, 1991-92 and 1992

93 the condition of individual swans at Slim
bridge, identified both by their unique bill mark
ings (see Scott 1978 and Rees 1981) and coded leg
rings, (Ogilvie 1972b) was assessed by recording
their AP on a near-daily basis from arrival in mid
October to departure at the end of March. Be
cause of the effect of food intake on AP (Loonen
et ai. 1991), records were taken only in the after
noon at feeding sites and at the evening roost, in
order to ensure that all swans had had the oppor
tunity to feed, prior to having their AP scored. All
birds were scored by the same observer in order
to reduce variability. An AP scale reflecting the
shape of the belly between the tail and legs with
scores from 1 to 6 was developed from photo
graphs and observations taken in the 1989-90 win
ter (see Fig. 1).

Biometric data recorded for birds caught dur
ing the winters were compared to their AP scores
obtained within two days of the catch date. Meas
urements taken included weight, tarsus length,
skull length and wing length (maximum chord).
Condition indices were calculated based on the
mass divided by a) wing-length, b) skull-length c)
tarsus length, to account for differences in the
overall size of the individual (Owen & Cook

Fig.l Classification point values (1-6) of abdominal
profiles of Bewick's Swans used for assessing body
condition in the field.
1 Very concave, 2 Concave, 3 Straight, 4 Convex,
5 Very convex, 6 Sagging.

1977). The cube of these three measurements was
also calculated in order to investigate the relation
ship between mass and volume as in Fox et ai.
(1992), but these transformations compounded
sampling variance, so the results using linear
measurements only are presented here.

Swans were sexed both by cloacal examina
tion and in the field by observing the behaviour of
paired birds. Age was determined by the extent of
grey feathering remaining on an individual (see
Cramp & Simmons 1977). Social class was re
corded by daily observation of individual swans
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in order to discern presence I absence of a mate,
associate and I or cygnets. The social status of
each swan was calculated from a combination of
its age and social class, giving rise to eleven dif
ferent categories.

Dominance-rank was measured by monitoring
the outcome of aggressive interactions between
swan units (families, pairs and singletons). A sim
ple value of dominance was calculated by divid
ing the number of successful encounters for a giv
en unit by the total number of encounters in
which it was seen to be involved. An augmented
dominance value was then derived by the addition
of a) units that beat other birds dominant to the fo
cal unit and b) units that were beaten by subordi
nate swans, as used by Scott (1978) and Rees
(1988). The augmented values are considered
preferable to the original ratio in that they take
into account the "quality" of the opposition.
Dominance values recorded for units involving
fewer than five encounters or ten augmented en
counters were omitted from the analyses.

Statistical analyses

Correlates of Abdominal Profile score For each
individual a weighted median AP score for each
half-month period was taken to prevent bias for
frequently resighted birds. Weighted medians as
devised by Owen & Black (1989) were used for
the analyses instead of means, since a 'mean' pro
file assumes that the intervals between the index
values are equal, which is not necessarily true.

Co-variate analysis of the data was performed
initially using the PROC GLM command in the
SAS statistical package to fit a generalized linear
model and then investigated further using GUM
(NAG 1986). Four variables were examined in re
lation to abdominal profile since it was thought
that they might explain the variation between in
dividuals: time (coded by half-month), year, so
cial status and dominance-rank. Male and female
birds were treated separately because of their dif
ferences in size (Evans & Kear 1978) and to mon
itor sex differences in condition during the winter.

The interactions between all six pairs of the above
variables were also added to the model. Sex, year
and status were treated as factors. In order to as
sess the statistical significance of the explanatory
variables and their interactions, a full model was
initially fitted and the Type III sums of squares in
spected (SAS/STAT 1990). The least non-signifi
cant (P > 0.05) variables were then progressively
removed from the model. The final model was
thus the most parsimonious (see Crawley 1993).

RESULTS

Comparisons with biometric data
There was a significant positive correlation

between change in AP and change in mass for in
dividual swans caught in December 1990 and
again in January 1991 (Pearson's correlation test r
=0.645, n =48, P < 0.01). The condition indices
(morphometric measurement I mass) based on
skull-length and tarsus-length correlated positive
ly with AP (Pearson's correlation tests r =0.321,
n =68 , P < 0.01 for males and r =0.461, n =58,
P < 0.01 for females; r = 0.323, n = 68, P < 0.01
for males and r = 0.521, n = 58, P < 0.01 for fe
males respectively. Regressions were fitted to
these datasets (see Fig. 2) and the following pre
dictive formulae were derived:

(a) males:
MfI'=47.17 + 3.17·AP If=7.69,P < 0.007, df= 67)
MIS =32.50 + 1.94·AP (F =7.58, P < 0.007, df=67)

(b) females:
MfI'= 35.70 +4.90·AP (F = 20.88, P <0.001, df= 57)
MIS =25.60 + 2.73·AP (F =15.13, P <0.001, df= 57)

where M =mass (g), T =tarsus length (mm) and S
=skull length (mm)

The condition index based on wing-length was
not significantly correlated with AP.

Correlates of Abdominal Profile
The AP of males and females were analysed
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Table 1. Linear model using maximum likelihood
estimates fitted to abdominal profile. Sexes treated se-
parately.

a) Males

Variable Fration df P

Half-month 26.64 1,1545 <0.001
Year 44.98 2,1546 <0.001
Status 2.32 8,1562 <0.02
Month X year 14.65 2,1546 <0.001
Month X status 6.69 8,1562 <0.001

b) Females

Variable F ration df P

Half-month 74.85 1,1359 <0.001
Year 17.79 2,1360 <0.001
Status 5.81 8,1366 < 0.001
Dominance 18.56 1,1359 <0.001
Month X year 7.04 2,1360 <0.001
Month X status 3.71 8,1366 <0.001
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Fig. 2 Condition index values, mass/tarsus length,
plotted against Abdominal profile. All data points plot
ted plus 95% confidence limits of the mean value for
each profile score.

separately, and for both sexes the variation in the
observed AP was significantly reduced by the
addition of the explanatory variables year (fac
tor) and time in half-month intervals, as well as
the social status of the individual and, for fe
males only, its dominance-rank (Table 1). In ad
dition there were significant interactions
between year, month, and status, indicating that
AP varied between years and month, and status
and month.

Seasonal variation Time of year had a significant
positive effect on AP (Table 1) with AP scores
generally increasing during the winter period, and
differing little from the expected values of the lin
ear model except in October. For both sexes, pro
files reached a peak in the second half of January
and then again in March. The slight reduction in
profiles in February occurred in all three winters.

Gain in AP was most marked between the second
half of October and the first half of November
with birds on average increasing one half-score.
AP gain was steady and more gradual over the
rest of the winter.

Year Year had a significant effect on AP (Table
1). The pattern of increase in AP varied signifi
cantly between the three winters for both males
and females with AP scores in the 1991/92 and
1992/93 winters generally rising more slowly than
in the 1990/91 winter. The pattern of increase for
each winter, however, was similar between the
two sexes. Mean AP upon arrival in October dif
fered significantly between winters for both sexes
(Kruskal-Wallis X2 approximation test, X2 = 7.355,
P = 0.025, df= 2, n = 24 for males and X2 = 8.384,
P = 0.015, df= 2, n = 21 for females) but profiles
prior to departure in late March did not differ sig
nificantly between years (x2 = 3.510, P = 0.187,
df=2, n = 73 for males andX2= 1.651,P =0.438,
df= 2, n = 75 for females).
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and 223 respectively). In addition male birds with
a mate had a significantly lower AP score than fe
males with a mate CX2 = 252.83, P < 0.001, n =
972 and 967 respectively). Amongst male year
lings, there was no significant difference in AP
between birds associating with their parents and
singletons (X2 = 1.992, P = 0.158, n = 16 and 94
respectively). Amongst female yearlings howev
er, birds associating with their parents had signifi
cantly lower AP scores than singletons CX2 =
10.212, P < 0.001, n = 43 and 49 respectively).
The interaction term status Xmonth also had a
significant effect upon AP (Table 1), and this was
particularly marked for cygnets.

Dominance-rank The effect of dominance-rank
upon AP differed markedly between the two sex
es. When data from all social classes were lumped
together, AP for females increased significantly
with dominance-rank (Table 1), whilst for males
AP tended to decrease with dominance-rank al
though this relationship did not reach significance
and this factor was therefore removed from the
generalised linear model.

There was a significant negative correlation
between AP and dominance-rank for males with a
mate (Pearson's correlation r =-0.092, P < 0.01, n
= 948), and a significant positive correlation for
females with a mate (Pearson's correlation r =
0.110, P < 0.001, n =940).

Amongst cygnets AP increased significantly
with increasing dominance-rank (Pearson's corre
lation r =0.106, P < 0.002, n =908).

Sex Female AP scores were consistently higher
than male scores throughout the winter and this
difference was significant when all data were test
ed together (Kruskal-Wallis X2 approximation, X2

= 113.06, d!= 1, P < 0.001. Mean = 3.931, SD =
0.744, n = 1545 for males and mean =4.203, SD
=0.789, n =1457 for females). However amongst
adults, single males had a significantly higher AP
score than single females (X2 =19.465, P < 0.001,
n = 205 and 223 respectively).
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Status Status had a significant effect upon AP
(Table 1), with mean AP scores varying signifi
cantly between different social classes (Fig. 3).
Because the mean AP of swans in the adult class
es did not differ significantly from the predicted
class means, differences between theses classes
were investigated further using the Kruskal-Wal
lis X2 approximation test (d! = 1 for all compari
sons). Data for paired birds, and for birds with a
mate plus cygnets, were combined in order to in
vestigate the effect of presence of a mate.
Amongst males, birds with a mate had a signifi
cantly lower AP score than those without a mate
(X2 = 38.166, P < 0.001, n = 972 and 205 respec
tively), whilst amongst females, birds with a mate
had significantly higher AP scores than those
without a mate (X2 = 85.712, P < 0.001, n = 967

Fig. 3. Mean Abdominal Profile score plotted against
social class (histogram plus SD) and the fitted values
from a linear model (see text). The number of individu
als involved in each category is given above each histo
gram.
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DISCUSSION

The strong significant positive correlations ob
served between the AP index developed in this
study with both change in mass of individual
swans and condition indices involving mass/tar
sus and mass/skull, indicate the suitability of this
technique for assessing the body condition of
Bewick's Swans in the field. Moreover they indi
cate for the first time that it is possible to predict
mass from the AP of known individuals for which
biometric data is available, thereby precluding the
need for repeated capture to monitor body condi
tion. The considerable overlap between values of
adjacent profiles indicates however, that predic
tions may not be very precise.

The change in AP recorded over the winter is
similar to graphs plotted of change in mass of
swans wintering at the site in previous winters (
Evans and Kear 1978). Mass was lowest upon ar
rival and rose quickly to reach a maximum in late
December/early January. Similarly AP scores
were lowest on their arrival and peaked in Janu
ary. The drop in AP recorded between late Janu
ary and early February is supported bya decrease
in mass amongst birds caught during the second
half of the winter (Evans & Kear 1978). As with a
number of other wildfowl species including Can
ada Geese (Elder 1946), Greylag Geese Anser
anser (Matthews & Campbell 1969), Mallard
(Owen & Cook 1977), Teal Anas crecca (Fox et
al. 1992) and diving duck (Ryan 1972), the gain in
mass in Bewick's Swans increases to mid-winter
and then declines. The increase in AP prior to mi
gration at the end of March found in the present
study agrees with the increase in mass amongst
some age classes of Bewick's Swans at Slim
bridge (Evans & Kear 1978). However the full
weight gain prior to departure was not known
since catching immediately prior to departure is
discouraged to minimize possible disturbance.
The high AP scores achieved prior to the start of
migration to the breeding grounds mirrors similar
gains recorded amongst Greenland White-fronted
Geese Anser albifrons fiavirostris in Ireland (War
ren 1990 and Mayes 1991). Pre-migratory fatten-

ing was not evident amongst Teal caught and
weighed at Abberton Reservoir in Essex indicat
ing that they were able to gain weight at sites en
route to nesting areas in order to improve body
condition in readiness for reproduction (Fox et al.
1992). The fact that Bewick's Swans exhibit
marked pre-migratory fattening suggests that ei
ther they are unable to gain weight sufficiently at
migratory sites to achieve the necessary body
condition for nesting upon arrival at the nesting
areas or that, being much heavier, they require
proportionately larger fat reserves to fuel their
migratory flights. In either case the level of fat ac
cumulation prior to migration is likely to be im
portant; it has been shown to influence both mi
gration survival in Barnacle Geese Branta leu
copsis (Owen & Black 1989) and breeding suc
cess in Lesser Snow Geese (Ankney & MacInnes
1978).

There was little variation between the mean
AP scores of different social classes within each
sex category (Fig. 5). Only cygnets differed sig
nificantly (negatively) from the null model. The
statusxtime effect for cygnets however was
strongly positive indicating a greater than predict
ed increase in AP during the winter. Cygnets are
also known to put on weight more rapidly than
other age categories (Evans & Kear 1978) sug
gesting that parental care may permit increased
food intake.

Male birds had a significantly lower mean AP
score than females when all classes were treated
together and this difference is most marked prior
to migration. Studies on geese have suggested
that males protect their mates during the pre
breeding season (e.g. Hanson 1953, Inglis 1976,
Fox & Madsen 1981, Johnson & Sibly 1990)
thereby allowing them to acquire more food and
ultimately to breed more successfully. Since fe
males with a mate had a significantly higher mean
AP score than males with a mate this would also
appear to be true for Bewick's Swans during the
pre-migratory fattening stage. Moreover, males
with a mate had a significantly lower mean AP
score than single males, implying that the protec
tion of their female partners incurs the cost of a
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reduction in their own intake of food. The rela
tionship between AP and dominance-rank for the
two sexes is a function of the differences already
described between social classes since, in general,
singletons are subordinate to pairs which in tum
are subordinate to families (Scott 1978). Low
ranking single males have higher mean AP scores
than higher ranking males with a mate, whilst
low-ranking single females lacking the protection
of a mate have lower mean AP scores than higher
ranking females with a mate. Moreover the AP of
females with a mate increases with the domi
nance-rank of the pair. This is consistent with the
observation that the dominance-rank of a pair is
related to the size of the male (Scott 1978). Con
versely the AP of males with a mate decreases
with increasing dominance-rank of the pair, high
lighting the cost to the male of maintaining a high
dominance level, to the benefit of its mate. The
positive correlation between AP and dominance
rank amongst cygnets implies that they also bene
fit from the increased protection afforded by a
dominant male parent, since the dominance of
family units is also related to the size of the male
parent. There was no evidence, in terms of in
creased AP, to suggest that yearlings benefit by
associating with their parents during the winter
since yearlings remaining with their parents did
not have significantly higher AP scores than sin
gle yearlings.
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SAMENVATING

Om de conditie van Kleine Zwanen te kunnen beoorde
len werd de de mate van bolling van de buik (abdomi
naal profiel, AP) als maat genomen (Fig. 1). Verander
ingen in de score voor deze maat bij individuele vogels
bleek inderdaad duidelijk te correleren met lichaamsge
wicht en nog duidelijker met relatieve maten waarin
ook de lichaamsgrootte betrokken werd (Fig. 2).

Omgekeerd kan nu dus ook, maar helaas nog niet
met een erg grote nauwkeurigheid, het gewicht voor
speld worden aan de hand van het abdominale profiel.

Ret abdominale profiel, en dus de conditie, hangt
samen met diverse factoren, waaronder de tijd in het
seizoen, het jaar (wellicht de klimatologische omstan
digheden), sekse, sociale status (Fig. 3) en dominantie
(Tabell) het meest in het oog springen. Wijfjes hebben
gedurende de winter een hogere score (meer vet) dan
mannetjes. Wijfjes die laag in rang zijn en alleen zijn
hebben een lagere score dan gepaarde wijfjes van een
hoge rang. Echter, mannetjes die laag in rang zijn en aI
leen, hebben een hogere score dan gepaarde mannetjes
van hoge rang. Kennelijk zijn er voor mannetjes kosten
verbonden aan het gepaard zijn (verdediging partner),
terwijl voor wijfjes de baten overwegen.
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