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Post mortem data from 366 dead swans recovered from the wild between 1951 and 1989 
were examined. The main causes o f  death were flying accidents ( accounting for 22% o f  adult 
deaths and 23% o f  juveniles), lead poisoning (in  21% o f  adults and 10% o f  juveniles), trauma 
(in  8.4% o f  adults, 8.7% o f  juveniles and 30% o f  Mute Swan downies), tuberculosis (6.0% o f  
adults and 1.0% o f  juven iles ) and aspergillosis (3.8% o f  adults and 7.7% o f  juveniles).

Of the three swan species that occur in the 
wild in Britain, only the Mute Swan Cygnus 
o lo r  is resident. The W hooper Swan Cygnus 
Cygnus and Bewick's Swan Cygnus 
columbianus bewickii are winter visitors 
that migrate to  more northerly latitudes to 
breed each spring. Ringing programmes in 
both Britain and Iceland indicate that the 
British-wintering W hooper Swans are 
mostly from the Icelandic breeding popula
tion, although there is some limited move
ment of birds to and from the continental 
mainland (Black & Rees 1984, Gardarsson
1991). The Bewick’s Swans nest on tundra 
habitat in arctic Russia (M ineyev 1991), 
and the European population is thought to 
winter predominantly in the Netherlands 
and Britain (Dirksen & Beekman 1991).

Long-term studies have produced esti
mates of annual mortality levels for each of 
the three species, with minimum survival 
rates of 81.8% in breeding Mute Swans 
(Perrins & Reynolds 1967), of at least 80% 
in Bewick’s Swans (Evans 1979, Scott
1988), and of 85.1% in W hooper Swans 
(Haapanen 1991). Results also indicate that 
swans generally are long-lived, with a 
potential life-span in excess of 20 years 
(Black & Rees 1984, Birkhead & Perrins 
1988, Scott 1988, Rees et al. 1990a, b). Sev
eral authors have assessed the contribu
tion of man-made hazards to swan mortali
ty, such as lead poisoning due to the inges
tion of lead fishing weights (Nature Conser
vancy Council 1981, Birkhead 1982, Sears 
1988, Sears & Hunt 1991) or spent gun-shot 
(Spray & Milne 1988). Collisions with over
head wires were found to be the cause of

death for some 22% of Mute Swans report
ed to the British Trust for Ornithology 
(Perrins & Sears 1991). There is compara
tively little published data about other 
causes of death, however, and particularly 
the level of mortality attributable to dis
ease or parasitic infestation. MacDonald et 
al. (1987) found that the adverse environ
mental factors accounted for 30% of 
deaths, injury 25%, infections 20% and par
asitism 10% for 70 Mute Swans and 14 
W hooper Swans in Scotland. The present 
study aims to assess in further detail the 
causes of death among wild swans in 
Britain.

Materials and methods

The primary cause of death of 366 wild 
swans that died between 1951 and 1989 
inclusive was determined by standard post 
mortem examination (Harrison & Harrison
1986). Samples for bacteriology, virology, 
toxicology and histopathology were taken 
to confirm initial diagnosis. The majority of 
recoveries were made from locations 
around W ildfow l & Wetlands Trust Centres 
(in Gloucestershire, Norfolk, Lancashire 
and southwest Scotland), and also from 
W orcestershire, but data from swans 
recovered elsewhere were also included if 
a post mortem examination had been 
made.

In analysing the data, Mute Swans, 
W hooper Swans and Bewick’s Swans were 
considered both separately and together. 
The birds were also divided into three age
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categories: adults (at least one year old at 
the time of death), juveniles (fu lly feath
ered but died in their first year) and, in the 
case of Mute Swans, downies (b irds in 
their first year that had not started to 
develop their primary feathers). The mini
mum age of birds that died as adults was 
known if the bird had previously been 
marked with a leg ring (O gilvie 1972, Rees 
et al. 1990a) or, in the case of Bewick’s 
Swans, identified by their natural markings 
(Rees 1981). July was taken as a standard 
hatching date in estimating the age of juve
niles and downies. In cases of euthanasia 
the cause of death was classified as the 
disease which ultimately would have killed 
the bird.

between April and September were exclud
ed from the analysis, however, to  control 
for the lack of post mortem data available 
for the m igratory species during this peri
od, the results did not reach statistical sig
nificance (x 2 = 2.32, df = 1). The differing 
results may perhaps be attributed to adult 
Mute Swans being flightless for one month 
during the summer moult, although move
ment to a moult site may increase the 
chances of a collision. The proportion of 
Mute Swans dying from collisions between 
October and March was still low, however 
(18%, n = 68), in comparison with Bewick’s 
(27%, Table 2a) and W hooper Swans (25%, 
Table 2a) during the same period. Mute 
Swans were m ore likely than Bewick’s

Table 1. The sex and age at death of w ild  swans examined between 1951 and 1989.

Adult Juvenile D owny

Male Female Tota l Male Female Total Male Female Total

Bewick’s 34 40 74+47* 11 11 22+7* 0 0 0
W hoop er 5 10 15+1* 3 4 7 0 0 0
Mute 69 55 124+3* 33 21 54+2* 4 5 9+1*

Total 108 105 264 46 36 92 4 5 10

Note: * indicates the number o f birds w hose sex  was not known.

Results

The sex and age at death recorded for the 
366 swans examined is shown in Table 1. 
Of the adult birds, the precise age at death 
was known for 14 males and 21 females; 
the males considered had a mean lifespan 
of 23 months and females of 41 months. 
The oldest birds were a female Mute Swan 
aged 17 years and a female Bewick’s Swan 
of 11 years and 10 months.

The main causes of death recorded for 
each age category are illustrated in Figure 
la,b,c, and are described in further detail 
below. The most common cause of death 
in both adults and juveniles was flying 
accidents, accounting for 22% of adult 
deaths ( n = 264) ancÍ23% of juvenile deaths 
(n  = 92) respectively. A  further 21% of 
adult deaths and 10% of juvenile deaths 
were attributed to lead poisoning (Fig. 
la,b ). The Mute Swan downies died pri
marily of trauma (30% of downy deaths, n 
= 10) and acuaria (20%, Fig. Ie ).

Interspecific comparisons of the main 
causes of death recorded for adult swans 
showed that the m igratory Bewick’s and 
W hooper Swans w ere apparently more 
likely than the Mute Swans to be killed by 
flying accidents (x 2 = 4.97, df = 1, Table 
2a). When Mute Swan data obtained

Swans to die of lead poisoning (x 2 = 3.88, 
df = 1 when data obtained for adult and 
juvenile swans was combined, Table 2a,b).

Flying accidents

Flying accidents were the largest single 
cause of swan mortality, accounting for 22% 
(57) of adult deaths and 23% (21) of juve
niles (Fig. la,b). Further analysis of the 
Mute Swan data indicated that there was no 
difference between adults and juveniles in 
the frequency of flying accidents (x 2 = 0.13, 
df = 1, Table 2a,b). Of 58 swans killed where 
the type of obstruction was also recorded, 
45 (57.7% of all flying accidents and 12.6% of 
all adult and juvenile swan deaths) were 
attributable to collisions with power-lines. 
Of the other flying accidents, ten birds 
crashed into buildings or fences (represent
ing 2.8% of all adult and juvenile swan 
deaths), two hit vehicles, and one collided 
with an aircaft. On 20 (5.6%) occasions the 
reason for the collision was not recorded.

Seasonal variation in the frequency of fly
ing accidents was determined for adult and 
juvenile Mute Swans. There was little varia
tion in overall Mute Swan mortality during 
the year (Fig. 2a), but there was a marked 
variation in the percentage of swan deaths 
due to flying accidents each month (Fig.
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Figure 1. Main causes o f death in swans between 1951-1989.
(a ) Adults (b )  Juveniles (c )  Mute Swan downies

Key to  main causes o f death:

T P  = Predated 
TB = Tubercu losis 
HE = Enteritis 
FA = Flying accident 
PN  = Pneumonia

OTHERS:
PT  = Periton itis
CH = Chilling &  pneum onia AS = A ir saculitis 
IY  = In fected Yolk

VG = V iscera l Gout 
ND = No diagnosis 
CF = Cardiac failure 
SH = Shot 
HW = H eartworm

T R  = Trauma 
AF = Aspergillosis 
PB = Lead poisoning

RF = Renal failure 
AC = Acuaria 
SE = Septicaem ia

PC = Pulm onary congestion  GI = G izzard im paction 
AH = Asphyxiation

AM  = Am idostom iasis TU  = Tum our 
RK = Rickets

RT = Runt 
PD = Pericarditis
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Apr May Jun Aug Sep

Figure 2. Seasonal variation in Mute Swan mortality.
(a )  Percen tage o f Mute Swans dying each  month (b )  Percen tage o f Mute Swans recovered  each  month that 
had d ied o f fly ing accidents.

2b). In June and July swans are flightless 
for up to six weeks, whilst they moult and 
grow their wing feathers, and none of the 
deaths recorded during this period were 
due to flying accidents. Peak mortality lev
els associated with collisions were record
ed in September to October, and from Feb
ruary to April (Fig. 2b).

All the swans that had died of flying acci
dents were subjected to routine post 
mortem examination to determine whether 
the birds were suffering from a debilitating 
condition that could have impaired their 
flying ability. Only one of the swans killed 
in collisions was also suffering from lead 
poisoning.

Lead poisoning

Cases of lead poisoning in swans are usual
ly due to the birds ingesting one or more 
lead fishing weights or shot-gun pellets, 
which are retained with grit in the gizzard. 
As the lead is ground down it forms solu
ble lead salts, which are then absorbed 
into the blood-stream (Hillgarth & Kear

1979). Lead poisoning accounted for 21% 
of deaths in adult swans and 10% in juve
niles, and was the predominant cause of 
death after flying accidents (Fig. la,b ). Of 
the juvenile swans, only Mute Swans were 
found to have died of lead poisoning, how
ever (Table 2b), which may be due to their 
being in close contact with humans (and 
human sporting activities) throughout 
their first year, whereas the m igratory 
swans occupy less densely populated 
areas immediately after hatching.

In 1982, the Nature Conservancy Council 
encouraged anglers to adopt a voluntary 
code of practice to promote the careful 
use and disposal of lead weights. Legisla
tion banning the sale or import of lead 
weights was introduced from 1 January 
1987. The use of lead was also banned in 
many areas by byelaws subsequently 
introduced by the various Water Authori
ties. Post mortem records for 1970 to 1989 
inclusive did not show an obvious decline 
in the number of swans dying from lead 
poisoning, however, since there was sub
stantial annual variation in the data (Fig.
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3). There was no significant difference in 
the number of swans dying of lead poison
ing, as opposed to other causes, before 
and after 1982 (x 2 = 2.64, P>0.05, Fig. 3). 
Elevated incidents of lead poisoning were 
recorded in 1975, 1980 and 1984 (Fig. 3).

Bewick’s Swans had a higher incidence of 
tuberculosis than the other two species, 
but the difference between Bewick’s and 
Mute Swans in the number of birds that 
died of the disease was not statistically sig
nificant (x 2 = 3.52, df = 1, P>0.05, Table 2a).

Year of Death

Figure 3. Percentage of swans dying o f lead poisoning between 1970-1989.

Trauma

The trauma category included swans that 
had died of serious physical injury, includ
ing cases where the main cause of the 
injury was not known. Some of the birds 
may therefore have had flying accidents, 
but had survived long enough to move 
away from the site of impact. Overall 8.4% 
of all adults, 8.7% of the juveniles and 30% 
of the Mute Swan downies died of trauma. 
Trauma was the most commonly recorded 
cause of death for downies. Only one case 
of pulmonary congestion (due to chilling) 
and no cases of omphalitis were found 
amongst the wild downies, but the sample 
size was small (n  = 10).

Tuberculosis

Avian tuberculosis accounted for the 
death of 6.0% of the adult swans and 1.0% 
of juveniles (Fig. la ,b ). Earlier studies have 
shown that tuberculosis is a chronic dis
ease normally affecting older birds (Hill
garth et al. 1983, Brown et al. in press).

In any case, the higher proportion of 
Bewick’s Swans recorded as having tuber
culosis (9.9%) compared with Mute Swans 
(3.9%) would not necessarily have meant 
that they are more susceptible to the dis
ease. Ten of the 12 Bewick’s Swans diag
nosed as having died of tuberculosis were 
recovered at Slimbridge, where the bac
terium Myobacterium avium  may be more 
prevelant in the pond mud and soil due to 
the presence of captive waterfowl since 
the 1940s (Brown et al. 1992).

Aspergillosis

Of the swans examined, 3.8% of adults 
and 1.1% of juveniles had died of 
advanced aspergillosis. These figures 
rein force the observations of Brown et al. 
(1992), who found that swans are not par
ticularly susceptible to attack by the fun
gus Aspergillus fumigatus. All three swan 
species w ere found to have been infected 
by the fungus, how ever (Tab le  2a,b). The 
higher incidence among juveniles may be 
due to their immune system being less
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Table 2a. Main causes o f death in adult swans showing the percentages o f each species to die from the 
individual causes.

n FA PB TR TB ND AF HE TP O T

Bewick's 121 27 16 6 10 5 2.5 4 4 25.5
Mute 127 16 23 12 4 5.5 5.5 4 2.4 27.6
W hoop er 16 25 50 0 0 0 0 0 6.2 18.8

Tota l % 264 22 21 8.4 6 5 3.8 3.8 34 2 6.6

Table 2b. Main causes o f death in juveniles showing the percentages o f each species dying from the indi
vidual causes.

n FA PB TR AC AF ND TP OT

Bewick ’s 29 34 0 10 0 14 7 7 28
Mute 56 18 16 9 12.5 3.5 7 3.5 30.5
W hoop er 7 14 0 0 0 14 14 14 44

Total % 92 23 10 8.7 7.7 7.7 7.6 5.4 29.9

well developed  than that of adult birds. 40.4% of Bewick’s Swans examined had one
or more lead pellets in their body tissues 

Enteritis (Rees et al. 1990b).

Enteritis was the primary cause of death in 
3.8% of the adult swans (although it was not 
found in the small sample of W hooper 
Swans considered) and 2.2% of juveniles 
(Fig. la,b). Six of the 12 swans that died of 
enteritis developed the condition after 
ingesting oil, which damaged the gut. Four 
of these were Bewick’s Swans recovered 
from the Mersey after an oil spillage in 1973, 
another Bewick’s Swan was recovered from 
the Manchester Ship Canal in the same year 
and, in 1982, a heavily oiled Mute Swan was 
recovered at Abbotsbury, Dorset.

Shooting

All three swan species receive legal protec
tion from hunting in Britain under the 
Wildlife and Countryside Act, 1981, Sched
ule 1. Bewick’s and W hooper Swans winter
ing in Britain also receive protection 
throughout their m igratory range through 
the 1980 Bonn Convention, and through 
legislation in the individual countries con
cerned. Nevertheless nine (7.4%) of the 
adult Bewick’s Swans included in the 
analyses, and one (3.4%) juvenile, were 
killed by hunters. There were no cases of 
shooting among the Mute and W hooper 
Swans included, but five (10.4%) of 48 
W hooper Swans omitted because a full 
post mortem had not been undertaken had 
been shot. X-rays taken of Bewick’s and 
W hooper Swans caught for ringing in 
Britain in 1988 and 1989 have confirmed 
that some 10% of W hooper Swans and

Predation

Deaths due to predation accounted for 
3.4% of adults, 5.4% of juveniles and one 
(10%) of the Mute Swan downies. Preda
tors for swans in Britain include dogs, 
foxes Vulpes vulpes and, in the case of 
young birds, mink Mustela vison.

RenaI failure

Renal failure was found in eight (3%) 
adults and one juvenile. Of the adult birds, 
seven were Mute Swans and one was a 
Bewick’s Swan. Almost all o f these birds 
had at least one other condition, including 
cardiac failure, amidostomiasis and septi
caemia. Detailed examination o f kidney tis
sue revealed renal coccidiosis, a proto
zoan parasite, to be present in a number of 
cases. In captive birds, renal diseases may 
be attributed to an excess of protein in the 
diet (Humphreys 1973), but this seems 
unlikely to occur in the wild.

Acuaria

Infection by the parasitic nematode Acuar
ia (Echinuria ) uncinata is predominantly a 
disease of young birds, accounting for 
12.5% of deaths in juvenile Mute Swans 
(Table 2b) and 20% in Mute Swan downies 
(Fig. Ie ). Acuaria was not recorded in 
Bewick’s and W hooper Swans, possibly 
because only juveniles that had fledged 
and survived autumn migration to the win



tering range were included in the analysis.

Miscellaneous

Fifty three (16%) adults, 23 (16%) juveniles 
and three (30%) downies died of other, less 
common, conditions. The three downies 
died of gizzard impaction, pulmonary con
gestion and asphyxiation respectively (Fig. 
Ie ). Causes of death for the remaining adult 
and juvenile swans included anaemia, air 
saculitis, amyloid disease, cardiac failure, 
duck plague, drowning, egg peritonitis, 
heart worm, internal haemorrhages, metal 
and chemical poisoning, nervous disorders, 
pericarditis, pulmonary congestion, skeletal 
disorders, septicaemia, starvation, tumours 
and visceral gout. Each of these conditions 
accounted for less than 2% of deaths in 
adult and juvenile swans when considered 
separately.

No diagnosis

No cause of death could be assigned for 
5.0% of adults and 7.6% of juvenile swans 
(Fig. la,b). In most cases either the organs 
were missing or the corpse had reached an 
advanced stage of decomposition. Occa
sionally the bird had suffered from a num
ber of complaints and the primary cause of 
death could not be ascertained.
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Discussion

Results of the post mortem examinations 
indicated that flying accidents were the 
most common single cause of mortality 
(accounting for 22% of adult deaths and 
23% of juveniles), followed by lead poison
ing (in 21% of adults and 10% of juveniles), 
trauma (8.4% of adults, 8.7% of juveniles 
and 30% of Mute Swan downies) and tuber
culosis (6.0% of adults and 1.0% of juve
niles). In addition to flying accidents and 
lead poisoning, a further 3.4% of the adult 
swans and 1.1% juveniles were shot by 
hunters, and half the cases of enteritis (rep
resenting 1.9% of all adult and juvenile 
deaths) were associated with oil toxicosis. 
Overall, therefore, 48.3% of adult swan 
deaths and 36.0% of juvenile deaths were 
associated with man-made hazards, 43.3% 
of adults and 51.0% of juveniles died of dis
ease or undiagnosed trauma, 3.4% of adults 
and 5.4% of juveniles were taken by preda
tors, and for 5.0% of adults and 7.6% of juve

niles the cause of death was not known. The 
ten Mute Swan downies examined died pri
marily of trauma, and acuaria, with one indi
vidual recorded with pulmonary congestion 
due to chilling. These results are similar to 
those obtained for swans bred in captivity 
that died before fledging (Brown et al.
1992). There was no evidence to suggest 
that young Mute Swans die of lead poison
ing, but the sample size was very  small.

The high incidence of swans killed by fly
ing accidents reinforce the results obtained 
by Perrins & Sears (1991), who found that 
21.7% of Mute Swans ringed in Britain 
whose death had been reported to the 
British Trust for Ornithology had died from 
collisions with overhead wires. The present 
study found that, 22- 23% of swan deaths 
were caused by flying accidents, with 12.6% 
of deaths directly attributable to collisions 
with power-lines, and a further 5.6% of 
deaths where the reason for the collision 
was not recorded. Perrins & Sears had sug
gested that their estimate might be artifi
cially high, however, since swans that hit 
wires may be more likely to be reported 
than birds dying of other causes due to a 
repair engineer visiting the site following a 
power failure and returning the ring. They 
discuss in further detail the likelihood of 
power-line casualties being reported, 
including the recent introduction of auto
reclose mechanisms on local supply lines 
(whereby the power supply is restored 
after a few seconds, thus reducing the need 
for a visit by the engineer) and the prompt 
removal of dead birds by foxes. The majori
ty (66%) of swans examined in the present 
study died within five miles of a Wildfowl & 
Wetlands Trust Centre, where the swan 
populations are monitored closely and 
dead birds are sent routinely for examina
tion, so the results presented here may be 
less likely to be biased towards collisions 
with power-lines.

The seasonal variation in the frequency of 
flying accidents, with an increase in the pro
portion of swan deaths due to collisions 
recorded in September to October and from 
February to April, is similar to the pattern 
described specifically for birds flying into 
overhead wires by Perrins & Sears (1991). 
The autumn peak could be due to one or a 
combination of factors, including inexperi
ence and a lack of agility for recently 
fledged cygnets flying for the first time, lack 
of practice and softer flight feathers for 
adults immediately after the moult, an
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increase in movement as the birds disperse 
from their moult sites, and deteriorating 
weather conditions. Certainly Perrins & 
Sears (1991) found that the autumn death- 
rate due to collisions with power-lines was 
particularly high for birds in their first year. 
The spring peak could also reflect an 
increase in movement of the birds, as 
paired swans leave their wintering sites to 
establish and defend their breeding territo
ries.

It has been suggested that flying accidents 
could be associated with lead poisoning 
(Birkhead 1982), since high lead levels 
affect the neuro-muscular system (Buck et 
al. 1976). The extent to which lead poison
ing contributes to flying accidents is still 
unclear; some studies have shown that 
lead levels in the body tissues are higher 
for birds that died of collisions than for 
those dying of other causes (Mathiasson
1986, O’Halloran et al. 1988), whilst others 
found that birds dying of other causes had 
the higher lead levels (Perrins & Sears 
1991). In the present study only one of the 
swans killed in collisions was also suffering 
from lead poisoning. This reinforces the 
v iew  (Perrins & Sears 1991) that, except in 
the early stages, birds with lead poisoning 
are too weak to fly, although they may sub
sequently succumb to other ailments.

Lead poisoning due to the ingestion of 
lead fishing weights or shot-gun pellets 
accounted for the death of 21% of adults 
and 10% of juveniles, confirming that it is a 
major cause of death in both the migratory 
and resident swans. Only juvenile Mute 
Swans were recorded with lead poisoning, 
however, which may reflect lower lead lev
els at sites used by Bewick’s and W hooper 
Swans in the breeding range and on migra
tion. Since the early 1980s a series of con
servation measures have been introduced 
in an attempt to reduce the problem of lead 
poisoning. The voluntary code of practice, 
encourging anglers to make careful use and 
disposal of lead weights, was introduced in 
1982; non-toxic alternatives to the lead 
weights were first marketed in 1984-85; and 
legislation banning the sale or import of 
weights ranging from 0.06 g (number 8 split- 
shot) to 28.36 g (1 ounce leger weights) 
inclusive came in to force on 1 January
1987. Byelaws prohibiting the use of lead 
weights were introduced by Water Authori
ties in England and Wales from summer 
1987. Studies of Mute Swans on the River

Thames have shown significant decreses in 
the number of swans dying of lead poison
ing between 1983 and 1988, with the most 
significant reduction occurring between 
1986 and 1987 when the ban on the sale of 
lead weights was introduced (Sears & Hunt 
1991). By contrast, The W ildfowl & W et
lands Trust post mortem records for 1970 
to 1989 inclusive showed a marked annual 
variation in the proportion of deaths due to 
lead poisoning, and did not find evidence 
for a decline in recent years. There were 
only two years of data available following 
the ban on the use of lead weights, howev
er, which may be too short a period to 
observe an effect on the swan populations, 
particularly since there are still lead 
weights remaining in the environment 
which may be ingested by the birds (Sears 
& Hunt 1991). Moreover, the sources of lead 
causing the poisoning of swans may vary in 
other parts of the migratory range for 
Bewick’s and Whooper Swans, which would 
also reduce the effect of the ban in Britain 
for these birds. Lead-poisoning in W hooper 
Swans in Scotland is due mainly to spent 
gun-shot for instance (Spray & Milne 1988), 
which is still in use. The significant results 
obtained from the Thames valley at this 
early stage may therefore be due to large 
numbers of Mute Swans occurring in a 
heavily-fished area, so that the introduction 
of conservation measures may have had a 
more immediate effect in this region. The 
reason for the elevated incidents of lead 
poisoning in 1975, 1980 and 1984 is not 
known. Poor aquatic growth in autumn may 
make Mute Swans more dependant on feed
ing by the public in areas with high lead lev
els, or result in them foraging more inten
sively along the banks of lakes and rivers 
where lead weights are most likely to have 
been discarded. However, there is no evi
dence for unusual climatic conditions spe
cific to these three years which might have 
affected the swans’ food supply.

Some 43.3% of adults and 51.0% of juve
niles died of disease or trauma, but these 
reflected a w ide range of ailments, rather 
than any one disease being particularly 
prevelant. The disease most commonly 
diagnosed as being the cause of death was 
avian tuberculosis in adult swans (6% of 
adult deaths), with acuaria and aspergillo
sis being most common in juveniles (7.7% 
in each case).



78 M orta lity  o f  w ild swans

References

Birkhead, M.E. 1982. Causes o f m ortality in the Mute Swan Cygnus o lo r  on the R iver 
Thames. J. Zool. Lond. 198:15-25.

Birkhead, M.E. & Perrins, C.M. 1988. The Mute Swan. Croom Helm, London.

Black, J.M. & Rees, E.C. 1984. The structure and b eh av iou r o f the W h ooper  Swan 
p o p u la t io n  w in te r in g  at C a e r la v e ro ck , D u m fries  and G a llo w ay , S co tlan d : an 
introductory study. Wildfowl 35:21-36.

Brown, M.J., Linton, E. & Rees, E.C. 1992. Diseases of swans in captivity. Wildfowl 43:58-69.

Buck, W.B., Osweiler, G.D. & van Gelder, G.A. 1976. Clin ica l and diagnostic veterinary 
toxicology. 2nd ed. pp. 319-332. Kendal/Hunt, Iowa.

Cromie, R.L., Stanford, J.L., Brown, M.J. & Price, D.J. 1992 a. The ep izootio logy of avian 
tuberculosis at the W ildfowl and Wetlands Centre at Slimbridge. Proc. Zool. Soc. Lond., 
British Vet. Zool. Soc., Autumn Meeting 1990.

Cromie, R.L., Stanford, J.L. & Brown, M.J. 1992 b. A  vaccine for avian tuberculosis in 
captive wildfowl. Proc. 34th Int. Symp. of Diseases in Zoo and Wild Animals, Santander, 
Spain, 1992.

Dirksen, S. & Beekman, J.H. 1991. Population size, breeding success and distribution of 
Bewick’s Swans Cygnus columbianus bewickii wintering in Europe in 1986-87. In: J. Sears 
& P.J. B acon (E d s .) P roc . 3rd Int. Swan Symp., O xfo rd , 1989. W ild fow l Specia l 
Supplement No. 1:120-124.

Evans. M.E. 1979. Aspects of the life cycle of the Bewick’s Swan, based on the recognition 
of individuals at a wintering site. Bird Study 26:149-162.

Gardarsson, A. 1991. M ovem ents o f W h ooper Swans Cygnus Cygnus neck-banded in 
Iceland. In: J. Sears & P.J. Bacon (Eds.) Proc. 3rd Int. Swan Symp., Oxford, 1989. Wildfowl 
Special Supplement No. 1:189-194.

Haapanen, A. 1991. W hooper Swan Cygnus c. Cygnus population dynamics in Finland. In: J. 
Sears & P.J. Bacon (Eds.) Proc. 3rd Int. Swan Symp., Oxford, 1989. Wildfowl Special 
Supplement No. 1:137-141.

Harrison, G.J. & Harrison, L.R. 1986. Clinical Avian Medicine and Surgery. Pp. 298-309. W.B. 
Saunders Company, Philadelphia.

Hillgarth, N. & Kear, J. 1979. Diseases of seaducks in captivity. Wildfowl 30:135-141.

Hillgarth, N., Kear, J. & Horky, K. 1983. M ortality  of the northern geese in captivity . 
Wildfowl 34:153-162.

Humphreys, P.N. 1973. Some veterinary aspects of maintaining waterfowl in captivity. Int. 
Zoo. Yearbook 13:87-94.

MacDonald, J.W., Clunas, A.J., Eatough, C.J., Isherwood, P. & Ruthven, A.D. 1987. Causes of 
death in Scottish Swans (Cygnus Spp). State Veterinary Journal 41:165-175.

Mineyev, Yu. N. 1991. Distribution and numbers of Bewick’s Swans Cygnus bewickii in the 
European Northeast of the USSR. In: J. Sears & P.J. Bacon (Eds.). Proc. 3rd IWRB Int. 
Swan Symp., Oxford, 1989. Wildfowl Special Supplement No. 1:62-67.

Nature Conservancy Council, 1981. Lead poisoning in swans. Working Group Report. NCC, 
London.

Ogilvie, M.A. 1972. Large numbered leg bands for individual identification of swans. J. 
Wildl. Manage. 36:1261-1265.

Perrins, C.M. & Reynolds, C.M. 1967. A  preliminary study of the Mute Swan Cygnus olor. 
Wildfowl Trust Ann. Rep. 18:74-84.

Perrins, C.M. & Sears, J. 1991. Collisions with overhead wires as a cause of mortality in 
Mute Swans Cygnus olor. Wildfowl 42:5-11.

Rees, E.C. 1981. The recording and retrieval of bill pattern variations in the Bewick’s 
Swan. In: G.V.T. Matthews & M. Smart (Eds.) Proc. IWRB Symp., Sapporo, 1980. Pp. 105- 
119. IWRB, Slimbridge.



M ortality o f  wild swans 79

Rees, E.C., Owen, M., Gitay, H. & Warren, S. 1990a. The fate of plastic leg rings on geese 
and swans. Wildfowl 41:43-52.

Rees, E.C., Bowler, J.M. & Butler, L. 1990b. Bewick’s and W hooper Swans: the 1989-90 
season. Wildfowl 41:176-181.

Scott, D.K. 1988. Breeding success in Bewick’s Swans. In: Reproductive Success (Ed. T.H.
Clutton-Brock). University of Chicago Press, Chicago.

Sears, J. 1988. Regional and seasonal variations in the incidence of lead poisoning in the 
Mute Swans, Cygnus olor, in relation to the distribution of lead and lead weights, in the 
Thames area, England. Biol. Conserv. 46:115-134.

Sears, J. & Hunt A.E. 1991. Lead poisoning in Mute Swans Cygnus o lo r  in England. In: J. 
Sears & P.J. Bacon (Eds.) Proc. 3rd Int. Swan Symp., Oxford, 1989. Wildfowl Special 
Supplement No. 1:383-388.

Spray, C.J. & Milne, H. 1988. The incidence of lead poisoning among W hooper and Mute 
Swans Cygnus Cygnus and Cygnus o lo r  in Scotland. Biol. Conserv. 44:265-281.

Martin J. Brown, Emma Linton and Eileen C. Rees, The W ildfowl & Wetlands Trust, Slim
bridge, Gloucester, GL2 7BT.


