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Lead p e lle t ingestion by M allards o f C entra l Portuga l ranged from  zero to 
100%, 99 being the h ighest num ber o f lead pe lle ts  detected in a s ingle g iz
zard. On rice fields, lead poisoning ris k  increased during  the shooting  
season through the accum ulation o f lead pe lle ts  on land surface, since  
ingested lead pe lle ts  were only detected three weeks a fte r the beginning o f 
the season. L ivers analysed showed lead concentra tions ind icating abnor
m al and acute exposure to lead contam ination which m ost probab ly resu lted  
in the ind irec t and d irec t cause o f death o f the b irds studied. As th is s tudy  
proved tha t lead poisoning is a cause o f w aterfow l m o rta lity  a lso in Portugal, 
Portuguese au tho rities  shou ld  im plem ent, as soon as possible, measures  
concerning the rep lacem ent o f lead pe lle ts  by a lte rna tive  non-tox ic  m a te ri
als.

Key Words: Anas p latyrhynchos, Iberian Peninsula, lead accum ula t ion , 
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Lead poisoning on Anatidae was 
recognised more than a century ago 
(Grinnell  1894-) and is docum ented in at 
least 21 countr ies. In the 1950s it was 
est imated to resu lt  in the death of 1.4- 

2.6 m i l l ion  w a te r fow l annua lly  in the 
U n ites  S tates of A m e r ica  (Be l lrose  
1959) and it is also known to induce 
s u b - le th a l  physio log ica l effects con

ce rn ing  n e u ro lo g ica l  and im m u n i ty  
m a l fu n c t io n s  (D ie ter & Finley 1978; 
Rocke & Sam ue l 1991; Mauvais 1993). 
The surveys on Anatidae lead poisoning 
in USA induced the ban of lead fo r 

shooting to a l l  waterfowl species in 
1991. Since then, hunting  in w e tlands 
can only be perfo rm ed using stee l pe l

le ts o r  o th e r  no n - to x ic  m a te r ia l .
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European lead poisoning s tudies in 

waterfow l (eg Clausen & Wolstrup 1979; 
Mudge 1983) have also persuaded some 
countr ies to ban lead in w a te r fow l h u n t
ing (D enm ark , The N e th e r la n d s ,  
Fin land and Norway in the early 1990s, 
England in 1999, Wales and Spain in
2 0 0 1 ).

In Portuga l th is  sub ject is s t i l l  poo r
ly studied, a l though Rodrigues (1998) 
published some resu l ts  that showed 
that 5.3% of M a lla rds shot in rice fie lds 
of M ondego L ow lands  du r ing  late 
A ugust had ingested lead.

The objective of th is  study was to 
est imate  the occurrence of lead po i
son ing  in w a te r fo w l  of C en tra l  
Portugal, charac te r is ing  the lead poi
son ing  r is k  in M a l la rd  Anas 
p la tyrhynchos  - the  m os t im p o r ta n t  
w a te r fow l  quarry  species - by d e te r 
m in ing the rate of ingestion.

Methods

The M a l la rd  p o p u la t io n s  s tud ied  
were those occurr ing  in w e tlands of 
ce n tra l  P o rtuga l,  ie in Mondego 

L ow lands  and Vouga Low lands  
(Rodrigues & Fabiao 1997), both being 
main ly  res ident (Rodrigues et al. 2000).

The r isk of bird lead poisoning has 
been assessed by the rate of ingestion 
(Ti) of lead pellets observed in the giz
zard (S chricke  & Le franc  1994), 
th rough  v isual exam ination or X-ray. 
V isual analysis only detects c. 65% of 
the lead pellets observed by X-rays 
(Pain & Eon 1993). More than 90% of 
the ingested lead pelle ts  are eroded or 
trave l  th rough  the d igestive system

w ith in  three w eeks a fte r  being ingested. 
Therefore, the evaluation of blood lead 
concentra tion is more accurate  than 

v isual observation o r X-ray detection, 
because blood lead levels stay high 
dur ing  tw o - th re e  m on ths  a fte r  lead 
ingestion (D ieter & Finley 1978). The 
liver is an accum u la t ing  t issue of this 
heavy met al, so l iver lead concen tra 
tion analysis provides a com p lem en t to 
blood analysis fo r  the assessm ent of 
lead poisoning. Flowever, as blood and 
l iver lead analysis are expensive, gener
ally Ti is accepted to be a good ind ica tor of 
lead po ison ing  r is k  (eg S h r icke  & 
Lefranc 1994). Ti was de te rm ined  by 
v isual observation of the gizzards s a m 
pled, accord ing  to the  m e thodo logy  
described by Pain & Eon (1993).

In Mondego Low lands sam p l ing  was 
perfo rm ed in Foja Farm r ice -f ie lds  (600 
ha), s i tuated in Mondego River lower 
course (40°12'N, 08°44'W). These rice 
f ie lds are the main feeding area fo r  the 

local Mallard popula t ion (Rodrigues & 
Fabiao 1997). The g izzards w ere  
extracted from  shot Malla rds obtained 
from  Foja Farm shooting club m e m 
bers, most ly  f rom  15 August to late 
Sep tem ber of 1993, 1994 and 1995.

In the Vouga Low lands, g izzards 

w ere  ex trac ted  f ro m  M a l la rd s  shot 
mostly  on rice f ie lds by local hunters, 
and from  dead M a lla rds found in S. 
Jacin to  Dunes N a tu ra l  Reserve (40° 
40'N, 08°45’W), wh ich  is the only refuge 
in th is  study area (Rodrigues & Fabiäo 
1997). D e te rm ina t ion  of l iver lead con
ce n tra t io n  w as  p e r fo rm e d  on dead 
birds found in the refuge area. Lead



Lead poisoning in Portugal 171

concentra t ion  was de te rm ined  by flam e 
a tom ic  absorpt ion spec tropho tom etry  
at the N ationa l Veterinary Research 
Labora tory  (Lisbon).

Results

In the Mondego Lowlands, gizzards 
were collected between 1993 and 1995. 

The values of the ingestion rates are 
presented in Table 1. A m ax im um  of 99 
lead pelle ts  in a s ingle gizzard was 
observed, and ano the r contained 52 
pellets. A no the r nine gizzards (6.9%) 
contained lead pelle ts  as the resu lt  of 
the charge that killed the bird, since 

there  were entry holes in the gizzards 
and pelle ts were not eroded (Mudge 
1983).

In the Vouga Low lands, gizzards 
were collected from  hun te r -sh o t  birds 
between A ugust and early S ep tem ber 
(1993 to 1999). Gizzards w ere  also co l
lected from  two birds found dead at S. 
Jacinto. The l iver of one Mallard  found 
dead in Novem ber of 1998 tha t showed 
s igns of possible lead poisoning (with 
very low body mass and w ithou t  s igns 
of possible predation), had a lead con-

Table 1 Percentage lead ingestion ra tes on M allard 
theses.)

Area

Mondego Low lands - shoot 

Vouga Low lands - shoot 

Vouga Low lands - found dead

centra tion of 50 mg k g 1 (dry weight), 
wh ich  represented 2.5 t im es  the known 
toxic level (20 mg kg '1, Pain et al. 1993), 
and the bird had six lead pellets in the 
gizzard. The o the r bird found dead in 

October 1999, ki l led by an A cc ip ite r gen
tilis , had one lead pe lle t in the gizzard 
and a Liver lead concentra t ion  of 7.2 mg 
kg ', w h ich  con f irm ed  the a b n o rm a l  

exposure to lead con tam ina t ion  (Mateo 
et al. 1994).

Discussion

Lead poisoning in Malla rds of cen
t r a l  P o r tu g a l  w as co n f i rm e d , 
suggesting that it may be an im portan t 
cause of death in Portuguese w a te r 
fowl. However, only the resu lts  of an 
ongoing project studying lead poisoning 
on ducks, ra i ls  and th e ir  rap to r  preda
tors, w i l l  a l low  m ore  com ple te  and 
definitive conclus ions. Dieter & Finley 

(1979) concluded tha t the ingestion of 
only one lead pe lle t can cause i r re 
ve rs ib le  bra in  dam age  in ducks. 
Bellrose (1959) suggested that a duck 
tha t had ingested only one lead pellet 
had a probabili ty  1.5 to 2.3 t im es  h igher

m cen tra l P ortugal. (Sam ple size shown in paren-

Total A fte r 7 S eptem ber

4.6% [131] 11.5% [52]

0% (55)

100% (2 )

Vouga Low lands - to ta l 3.5% (57) 100%  (2 )
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of being shot by hun te rs  and could die 

d irectly by lead poisoning. This study 
suggests tha t th is  increased vu ln e ra 
bility, as a resu lt  of the ingestion of only 
one lead pellet, should  also be extend
ed to the vu lnerab i l i ty  to duck na tu ra l 
predators.

Mateo et at. (2000) showed tha t 
ducks feeding on rice are more prone to 
ingest lead pellets confusing it w ith 

grit. However, on rice f ie lds lead poi
soning r isk seem s to increase during 
the shooting season, th rough  the accu
m u la t ion  of lead pelle ts on the land 
surface (ingested lead pellets were only 
detected a fte r 7 September). The soil 
m ob i l isa t ion  fo r  preparat ion  of seeding 
seem s to reduce lead pellet concen tra 
tion and the availabil i ty  of those pellets 
over the soil surface, as concluded by 
F redrickson et at. (1977). Probably the 
Ti wou ld  be h igher if more sam ples 
were obtained from  late A u tum n  and 
Winter, and th is  w i l l  be fu r th e r  investi
gated. If the increased availabil i ty  of 
lead pelle ts on rice f ie lds during the 
shoo t ing  season is co n f i rm e d , tha t 
could also mean tha t in na tu ra l  w e t 
lands lead po ison ing  r isk  cou ld  be 
h igher than that obtained in th is  study. 
This could also be t rue  fo r  the sm a l l  

reservo irs  tha t are abundant in the 
south of Portugal, where  m ost duck 
shooting usually  occurs. The possible 
increased concentra t ion  of lead pellets 
in the soil surface of rice f ie lds during 
the shooting season also suggests that 
som e caution should  be used in c o m 
paring the resu lts  from  lead poisoning 
s tudies in th is  habitat.

Legis lative ins trum en ts  in relation 
to the rep lacem ent of lead pelle ts by 
a lternative non-tox ic  m a te r ia ls  should 

be prepared as soon as possible by 
na t iona l  a u th o r i t ie s .  The prev ious 
in te rna t iona l experience on rep lace
ment, ind ica tes  tha t lead poisoning 
continues to occur long a fte r the ban of 
lead (Anderson et al. 2000), because 
lead pe l le t ava i lab i l i ty  continues fo r 
decades (Mateo et al. 1998). Lead poi
soning continues to be a w o r ld -w id e  
m o r ta l i ty  fac to r  fo r Anatidae  and o ther 
aquatic  birds, and even fo r  vu lnerab le  
species like rap to rs  (eg Pain et al.
1993). As expected, the present study 
supports  concerns in the w e t lands  of 
cen tra l  Portugal. As Spain banned the 
use of lead fo r  shooting in wetlands, a 
fu tu re  ban of lead in P ortuga l w i l l  be 
effective fo r  Mallard  as it is a resident 
spec ies  in the  Iber ian  P en insu la  
(Rodrigues et al. 2000; Saez-Royuela & 
M ar t inez  1985). For the  m ig ra to ry  

species the to ta l  reso lu tion of the p rob
lem w i l l  only be accom plished when all 
the countr ies  of the flyways of ducks 
reaching P ortuga l also ban the use of 
lead (Thomas & Owen 1996).
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