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Lead shot in Bewick’s Swans

M A R Y  E. E V A N S ,  N.  A.  W O O D  a n d  J A N E T  K E A R

Introduction

T he w estern popu la tion  o f the Bewick’s 
Swan Cygnus columbianus bewickii is sup
posedly p ro tec ted  by legislation an d /o r 
custom  (L am pio & M ichaelis, 1972) in its 
b reeding a rea  (A rctic  U .S.S .R .), in th e  
countries bo rdering  th e  Baltic w hich it 
passes th rough  on m igration , and in its 
w intering a rea  (W est G erm any, D enm ark, 
the N etherlands, G rea t Britain and  Ireland). 
The flock o f 4 00 -600  Bewick’s Swans which 
w inters in th e  W ildfow l T rust’s refuge at 
Slim bridge, G loucestersh ire , has been 
intensively studied  (Scott, 1971) and re
cently it has been  found  possible, fo r the 
first tim e, to  trap  substan tial num bers. 
W hile the birds w ere being handled  for 
weighing, m easuring, ringing and dye- 
m arking, the oppo rtun ity  has been taken 
o f  X -raying them  to  detec t lead shot in their 
tissues and so determ ine w hether the ir p ro 
tection  from  shooting  has been effective. A 
prelim inary  accoun t (Evans et al., 1973) 
was p resen ted  to  a  sym posium  on hunting 
ra tionaliza tion . T he present p ap er contains 
th e  results o f  th ree  w inters o f investigation, 
1970-71, 1971-72 and 1972-73.

Methods

T he swans a re  restrained  in a tailored  plastic 
jack e t (Evans & K ear, 1972) and rad io 
graphed using a W atson MX1 po rtab le  
m achine, a t 65 kilovoltage po ten tia l and 
15 m illiam ps, a t a  focal d istance o f 52-3 cm, 
and K odak  R .P ./D .X -o m at rad iographic  
film 30-5 cm x 38-1 cm. The birds are 
placed belly-dow n centrally  on th e  screened 
film cassette. T he head  and  neck  are  inclu
ded in th e  rad iog raph  by tucking th e  bill 
in to  a  flap o f  th e  jacke t, w hich is barely 
visible on the X -ray  p icture.

T he use o f rad iographs ra th er than  
fluoroscopic exam ination  was decided upon 
fo r tw o reasons. Firstly , any risk o f the 
opera to rs  receiving excessive X-ray dosages 
was rem oved. Secondly, we w ere left w ith a 
p erm anen t record  th a t could be exam ined 
in detail a t leisure, o r m atched w ith sub
sequent records if  a  b ird  was recap tured . 
A lthough the  p lates are  quite expensive, 
th e ir cost was largely offset by th e  p ro 
longation  o f th e  life o f th e  X -ray tube

because o f  th e  short exposure (1-2 sec) 
needed.

The incidence o f lead shot

O f th e  272 Bewick’s Swans exam ined after 
cap tu re  a t Slim bridge, ninety-tw o (34%) 
had  lead sho t em bedded in the ir body 
tissues (F igure 1). These shots had  been 
fired a t the  b irds in question  w ithout bring
ing them  dow n (shot too  sm all o r fired a t too 
g reat a range). N one o f the 272 was found 
w ith ingested lead pellets in the gizzard. 
These w ould rapidly  give rise to lead po i
soning. Birds sent in for post-m ortem  
(and no t used for th e  main survey) did 
indeed include five w hich had eaten  lead 
sho t o r fishing weights.

The incidence o f sho t in th e  bodies o f 
these p ro tec ted  birds is disconcertingly 
sim ilar to  those  reported  by th e  earlier 
w orkers in E uropean  quarry  species, for ex
am ple, 41% fo r adu lt P ink-footed  G eese 
Anser brachyrhynchus (E lder, 1955a) and  up 
to  28% for M allard  Anas platyrhynchos 
(H offm ann , 1965). These studies had de
m onstrated  a  re la tion  betw een body size 
and  pellet incidence, the  larger birds p re
senting m ore surface a rea  to  a bu rs t o f pel
lets and so being m ore likely to  sustain a hit. 
T hat th is re la tionsh ip  holds good in th e  p re 
sent case is ind icated  by th e  fact th a t the 
adu lt (3rd w in ter and  older) m ales were 
m ore likely to  carry  sho t than  th e  sm aller 
adu lt fem ales, i.e. 47% o f ninety-seven 
m ales, 39% o f  seventy fem ales. Indeed the 
difference is g rea te r than  w ould be expected 
on body size differences (see Scott et al., 
1972 and  also T able 3 o f this paper) and 
o th er factors m ay be involved. H ow ever, 
swans th a t w ere freely being trea ted  as 
hunting quarry  w ould be expected to have a 
h igher p ro p o rtio n  carry ing  pellets than  
w ould geese. T he really app rop ria te  com 
parison  w ould be  w ith th e  w estern A m erican 
popu la tion  o f th e  conspecific W histling 
Swan Cygnus columbianus columbianus 
w hich has recently  been p u t on th e  shooting 
list in certa in  o f  th e  U nited States (M artin ,
1970). N o X -ray studies are, how ever, avail
able. I t m ay be noticed in passing th a t E lder 
(1955b) advocated  such studies to  de te r
m ine the effectiveness o f  the closed season 
on this very sw an.
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Figure 1. Radiograph of a  Bewick’s Swan.
This bird (Pie) had no less than twenty-one shot 
in its body.

T he num bers o f individual shot found in 
the  birds a re  show n in T able 1. F rom  th is it 
can be deduced  th a t 37% o f the  birds carry
ing shot had only one pellet, and th a t the 
average num ber o f  pellets p e r b ird  was 3-2. 
This m ay be com pared w ith th e  figures 
E lder (1955b) quotes for th e  C anada  G oose 
Branta canadensis, th e  nearest quarry  
species in body size fo r w hich we have data , 
41% and  2-9.

I t  is difficult to  ascerta in  th e  exact size of 
th e  shot, since som e flatten, d is to rt o r sha t
te r  on im pact. M ost o f the swans (eighty- 
five) had  th e  relatively sm all pellets (No. 
4/6) com m only used against duck o r phea
sants. G oose sho t (BB and A AA ) w ere in 
nine b irds, one had  an  S.S.G . (fox-shot) and 
one an L .G . (deer). A t th e  o th e r end o f  the 
scale six b irds (two in the  sam e fam ily) had  
the  sm all sho t (N o. 7/9) norm ally  reserved 
for clay-pigeon targets. Som e b irds con
tained  m ore than  one size o f shot. It is not 
possible to  s ta te  th a t th e  differen t shot were 
received on separa te  occasions, fo r shooters 
som etim es load  th e ir own cartridges w ith 
d ifferent sho t sizes. F o u r b irds each con

tained  th ree  d ifferent sized shot, and 
ano ther eleven had  tw o sizes. O ne bird  
received fo r post m ortem  carried  th ree  shot 
w hich w ere probab ly  hom e-m ade. They 
appeared  to  have been chopped  off a length 
o f lead.

Possible causes of variation in the propor
tion of birds carrying shot

The num ber o f seasons th a t an individual 
has been exposed to  shooting  m ight be ex
pected  to  affect its chances o f carry ing shot. 
Swans in th e ir first and second w inters are 
easy to  age. T hereafter th e  age classes can
no t be distinguished w ith  confidence, even 
in th e  hand. Only a  sm all num ber o f  adults 
w ere o f precisely know n age, having been 
ringed in the ir first tw o w inters. H ow ever, 
the  p a tte rn s  o f b lack  and yellow  on the bills 
enable the experts at Slim bridge to  recog
nize individuals as such. T he ir visits to  the 
pond  a t S lim bridge having been registered 
since 1964, it is possible to  a llocate m any of



Table 1. Numbers of pellets carried by ninety-two individual swans
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No. o f pellets 1 2 3 4 5 6 7 8 9 15 17 . . .  21
No. of birds 34 22 10 9 5 0 5 2 2 1 1 1

th e  swans X -rayed to  m inim al age classes. 
If  they first a rrived  as adults they w ere as
sum ed to  be then  a t least in th e ir th ird  
w inter. H ow  the incidence o f pellets varies 
w ith age is show n in T able 2.

T he young b irds travel in th e  com pany o f 
the ir paren ts to  spend the ir first w inter at 
S lim bridge, and they  clearly have no t been 
exposed to  m uch shooting. Som e may have 
been m istaken fo r geese as H aapanen , 
H elm inen & Suom alainen (1969) suggest in 
th e  case o f  W hooper Swans Cygnus c. 
Cygnus. Even the 12% incidence is inflated 
because th ree  o f  the seven carrying shot 
w ere in one fam ily. Both th e  paren ts also 
had  shot in the ir tissues, so th e  w hole group 
m ay have been w ounded in the sam e inci
dent. F u rther evidence th a t b irds travelling 
together are  likely to  be hit at the  sam e tim e 
is show n by the X -rays o f  eighteen pairs 
know n, from  th e ir h isto ry  on the Slim
bridge pond , to  be w ell-m ated. Both birds in 
a p a ir  w ere X -rayed  in th e  sam e w inter. 
In seven cases bo th  contained shot. In the 
o th e r pairs, how ever, only one b ird  was af
fected.

The young b irds stay w ith th e ir parents 
th ro u g h o u t th e  first w inter, barring  acci
dents, and  leave w ith them  on the spring 
m igration  north -eastw ards. A t som e stage 
they  m ust separa te , for breeding swans do 
no t to le ra te  last y ea r’s offspring in the ir te r
rito ry . P robably  the  young b irds am alga
m ate in flocks o f  non-breeders in no rthern  
U .S.S.R . By the tim e they arrive back  at 
S lim bridge for th e ir second w inter the 
p ropo rtion  carry ing sho t has doubled (to 
25%). This is only to  be  expected in th a t the 
relatively inexperienced birds, w ithout 
paren ta l guidance, a re  m ore likely to  m ake 
the m istake o f flying too  close to  hunters 
who do no t respect th e  law. T here is only a 
m arginal increase in th e  shot-carry ing 
p ro p o rtio n  in th e ir  3 rd+  w inter, and  none 
in th e ir 4 th  + w inter.

T here  is then  ano ther over-doubling of 
the p ro p o rtio n  o f sho t-carry ing birds in 
the ir 5th + w in ter (to 67%). T hereafter there  
is no ind ication  o f fu rther increase w ith age, 
so we do no t have a steady increm ent in 
lead-carrying in re la tion  to  th e  num ber of 
m igratory  jou rneys com pleted. Instead  
there  is th is g rea t increase a t an age when 
the  b irds w ould be expected to  have becom e 
experienced and  w ary. Several so journs in 
the  safety o f th e  Slim bridge refuge m ight 
have allayed th e ir suspicion o f M an. H ow 
ever, the  pond  on w hich they  spend m uch of 
th e ir tim e, an d  a re  fed, is screened and  only 
one m an enters the paddock  to  scatter 
grain . If  a stranger in trudes they leave in 
a pan ic . T he sw ans to  be caught are  draw n 
in behind screens by feeding and then 
driven into a  corral. This p rocedu re  tends 
to  recap tu re  th e  m ost confident swans. 
Y et o f swans w hich arrived  a t Slim bridge 
before  1970-71 (when X -raying com 
m enced), fifteen o f  th irty-tw o (47%) were 
carry ing  sho t w hen la ter recap tu red , as 
com pared  w ith  tw enty-three o f forty-one 
(57%) caught fo r th e  first tim e. This at least 
suggests th a t S lim bridge-experience was 
no t affecting vulnerability  to  shooting.

W hen colour-m ark ing  was started  in 
1970-71 it w as also feared th a t this might 
selectively expose the b irds to  the  a tten 
tions o f inquisitive hunters. Yet 79% o f the 
114 b irds w hich had  been dyed re tu rn ed  to 
S lim bridge th e  follow ing w in ter as against 
81 % o f  a  m atched  sam ple o f undyed b irds of 
sim ilar age and  Slim bridge-experience. 
F u rther, o f tw enty-eight birds X -rayed 
and dyed and  then  again X -rayed the fol
lowing w inter, only th ree  had  gained shot.

As far as it goes, therefore, th e  evidence 
suggests th a t trea tm en t a t S lim bridge does 
no t increase th e  vulnerability  o f Bewick’s 
Swans to  gunfire. Even on th e  pond  there  
they  becom e extrem ely alert if  th e  sounds o f 
shooting  a re  carried  in to  th e  sanctuary ;

Table 2. Variation in lead pellet incidence with age of swan (includes thirty-one birds X-rayed again 
in subsequent winters)

Winter: 1st 2nd 3rd+ 4th+  5th -h 6th+  7th+ 8th + /  All
12th  +

No. X-rayed 60 55 86 27 21 19 13 22 303
No. with pellets 7 14 27 8 14 11 8 14 103
% with pellets 12 25 31 30 67 58 62 64 34
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repeated  bangs (even those p roduced  by a 
carpen ter in th e  buildings) cause them  to  fly 
out.

I t is perm issible therefo re  to  contem plate 
w hether th ere  has been a recen t change in 
th e  shooting pressure to  w hich th e  swans 
are  exposed, such th a t the younger swans 
a re  less a t risk  th an  had  been th e  o lder birds 
in ou r series. In particu lar, a  ban  on spring 
shooting  had  been im posed in m ost o f the 
provinces o f the Soviet U nion by 1968 
(B ogdanov, 1970). The dram atically  higher 
p ro p o rtio n  o f birds carry ing sho t in their 
5th and la te r w inters m ay ju s t be  coinciden
tal, b u t it w ould certainly be  interesting 
to  ascertain  w hether the p ro p o rtio n  of 
swans o f th a t age carrying sho t is perm an
ently low ered.

Lest it be though t th a t the  English hosts 
o f  th e  Bewick’s Swans are only seeking law 
breakers in o th er countries, it m ust be ad 
m itted  th a t hooligans w ith guns exist no t 
fa r from  Slim bridge. O ne sw an, X -rayed on 
8 D ecem ber 1971, carried  six pellets; on 
2 F ebruary  1972 it had  eight. Yet its a t
tendance  reco rd  show ed th a t it had only 
been away from  the pond  a t S lim bridge for 
7 o f the  intervening 65 days. The sam e 
w inter a b ird  picked up close to  the refuge 
had  definitely died o f gunsho t w ounds. A 
pellet had  pene tra ted  th e  op tic  nerve; yet 
only 2 days previously it had  been seen 
on th e  S lim bridge pond  in no rm al con
d ition .

T here have been suggestions th a t the 
country  o f  origin o f th e  lead  sho t could be 
determ ined  by size, w eight o r chem ical 
analysis. H ow ever, there  is n o t only the 
difficulty o f locating  and extracting  the 
sho t from  the living b ird , bu t it is also a  fact 
th a t there  is a good deal o f trad e  in car
tridges betw een countries even as fa r apart 
as the  Soviet U nion and B ritain. Identifica
tion  o f origin w ould there fo re  be o f little 
use.

Effect of the shooting on the population and 
individual

A h u n ter killing a p ro tec ted  b ird  is unlikely 
to  rep o rt its ring num ber. W e are  no t, th ere 
fore, in a  position  to  gauge th e  effect o f un 
law ful shooting on th e  sm all popu la tion  
o f Bewick’s Swans w hich w inter in N .W . 
E urope, estim ated  to  be only abou t 6,000 
b irds (A tkinson-W illes, 1972). Yet we know  
th a t swans are  killed by shooting. A case 
was m entioned above. A no ther Slim bridge 
swan was reported  sho t in  Latvia. M ostly, 
how ever, the reports a re  only o f ‘found 
dead ’ o r ‘in ju red ’. A gain w e have a case of 
a b lood-stained  swan arriv ing  at Slim 
bridge w ithout its m ate (w hich had  presum 
ably fallen to  th e  sam e bu rs t o f shot). 
Superficially w ounded sw ans have com e in 
to  th e  W ildfowl T ru s t’s o th er Bewick’s 
Swan refuge a t W elney, N orfolk .

G oose sho t and ball could be quite 
lethal to  these sm all sw ans and we should 
no t assum e th a t shots from  careless o r in
different duck- o r pheasan t-hun ters can be 
discounted  as a  cause o f  death . T he sm allest 
sho t reco rded  w ould have been ineffective, 
bu t w hat a  sad com m entary  on th e  clay- 
pigeon shooter(s) w ho could no t resist 
firing a t som ething live chancing to  fly 
overhead.

T hose survivors w hich w ere exam ined by 
X -ray w ere no t apparen tly  m uch incom 
m oded by th e  pellets they carried . O ne b ird , 
contain ing tw o pellets, had  a  healed frac
tu re  o f  th e  leg and w alked w ith a limp. 
A nother, also w ith tw o pellets, had  an 
a troph ied  and  sightless eye.

A n ailing swan loses w eight, so the 
w eights o f shot and  pellet-free b irds were 
com pared (T able 3). T he differences are 
sm all, w ithout statistical significance, and, 
if  anything, th e  b irds w ith pellets are 
slightly heavier.

Table 3. Weights of swans carrying pellets compared with pellet-free birds in 
same catches (includes twenty-nine birds weighed again in subsequent 
winters)

W ithout pellets With pellets
No. Av. weight (g) No. Av. weight (g)

Males
1 st winter 30 5,097 2 6,105
2nd winter 23 5,701 8 5,680
Adults 56 5,960 52 6,249

Females
1st winter 23 4,913 5 4,746
2nd winter 18 5,177 6 5,220
Adults 49 5,306 29 5,525
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Conclusions

It is a  distressing reflection on the effec
tiveness o f hunting  legislation when a to t
ally p ro tec ted  b ird  is show n to  be exposed 
to  a sim ilar level o f  shooting pressure as 
a re  the quarry  species. E uropean  hunters do 
no t even have th e  excuse available to  their 
A m erican coun terparts  w ho encounter 
hun tab le  w hite geese. T he adu lt Bewick’s 
Swan cannot, even in a p o o r light, be con
fused w ith anything o th er than  ano ther 
sw an; and all th e  species are  p ro tec ted  in 
any case.

T he responsib le w ildfowlers are  as ho rri
fied as we a re  by the unhappy  situation  re
vealed by th e  X -ray  cam era. But it is clear 
th a t there  are  a  lo t o f  irresponsible shooters 
a round , even in w hat we like to  th ink  o f as 
the conservationally  advanced countries. 
H u n te r education  and stringen t tests be
fore th e  issue o f a shotgun licence m ay be 
a long-term  solu tion . F o r  the m om ent, 
legislation based on  th e  selected protection  
o f scarce species o f  wildfowl does no t seem 
to  be as securely based  as had  been thought.

Acknowledgments

We are grateful to Professor G. V. T. Matthews 
for help in shaping this paper and for presenting 
the X-ray apparatus. Mr P. N. Humphreys gave 
invaluable guidance on its use and Mr M. J. 
Brown assisted in its operation. O ther technical 
advice was given by D r M. Owen and Mr G. B. 
Cross.

Summary

The totally protected Bewick’s Swan Cygnus 
columbianus bewickii population was found by 
X-ray to have 34% of its individuals carrying 
shot in their tissues, a  proportion not dissimilar 
to  that in quarry species. A good deal o f the shot 
appeared to  have been received between the first 
and second winters. A higher level still was found 
in adults at least 5 years old. This may reflect 
changes in shooting regulations in part of the 
range. The effect o f  this illegal shooting is ex

amined. The effectiveness of species by species
legislation is questioned.
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