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ABSTRACT: During 6 successive wintering periods, 727 comm on guillemots Uria aa lge w ere  recovered  
from Belgian beaches .  O ne-th ird  of the birds w ere  a lready  dead;  the  rest  p a ssed  th ro u g h  rehabili tat ion  
centres  w h e re  they eventually  died. All birds w ere  m onitored  for g enera l  condition (body mass, fat 
reserves), e v en tu a l  status of oiling and pathological c h an g es  (cachexia, acu te  hem o rrh ag ic  gastro- 
enteropathy);  339 birds w e re  sam pled  for trace m etals (total and  organic  Hg, Cu, Zn, Fe, Cd) and PCB 
(polychlorinated biphenyl) analysis. Oiling is still a major cause  of dea th  for w in ter ing  pe lagic  seabirds: 
half of the  birds show ed  signs of externa l or in ternal oiling, p robably  a still g re a te r  n u m b e r  of oiled 
birds n ev er  reach  the  shores.  A l though a low body mass can  be considered  a normal, w in ter  condition 
for winter ing  guillemots,  pathology results show ed  that  th ree -q u ar te rs  of the s tud ied  animals w e re  in a 
state  of cachexia  with em acia ted  pectoral muscle and  low ered  m usc le  lipid content.  E levated  levels of 
Cu, Zn, Hg an d  PCBs w ere  l inked to the state  of cachexia  an d  m ay  well r e p re se n t  an  addit ional  stress 
factor lead ing  to the debil ita tion and  d ea th  of part  of the  wintering  guillemot population.
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INTRODUCTION

Although a relatively small ecosystem, the North Sea 
is know n for its h igh  fish productivity and  catches. 
However, oil refineries, steelworks, metallurgy, c h e m ­
ical and  p ap e r  industries form a dense  ne tw ork  in the 
ad jacen t countries w ith  su b se q u en t  busy shipping 
routes. During the pas t few decades, offshore gas  and 
oil industries have deve loped  rapidly.

To assess the h u m a n  im pact on this com plex eco­
system, the Belgian authorities, within the frame of the 
3rd European  North S ea Conference, p rom oted  a p r o ­
gram m e to monitor the  hea lth  and  causes  of dea th  of 
seabirds  and  m arine  m am m als .  Em phasis w as p laced
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particularly  on seabirds, which are found  d ea d  or 
dying on beaches  in far la rge r  num bers  than  are 
m arine  m am m als. With a population  of abou t  10 mil­
lion w in tering  birds, the  North  Sea is one of the world's  
major a reas  for sea, shore and  w ater  birds (Birkhead 
1974, M ead  1974, Bourne & V auk 1988, D u n n e i  et al. 
1990, North Sea Task Force Report 1993a, b). Pelagic 
species — petrels, auks an d  g a n n e ts — are particularly  
sensitive to ecosystem alteration  such as dep le tion  of 
fish stocks, oil spills, b ree d in g  site destruction, and  
chronic or acu te  organochlorine  and  heavy  metals  
pollution (Bourne & V auk 1988, D unne t  et al. 1990, 
C arte r  et al. 1993). In particular,  oiling is know n  to be  a 
severe  th rea t  to w in tering  seab irds  (Mead & Baillie 
1981, Stowe & U nderw ood  1984, C a m p h u y se n  & van 
F raneke r  1992, C arte r  et al. 1993, D ah lm ann  et al. 
1994). The com m on guillemot Uria aalge  ou tnum bers
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by far all other w in tering  species. As a consequence,  it 
b ec am e  the focus of this study.

Seabird  mortality and, in particular, w inter  s t a n d ­
ings have  been  carefully repo r ted  an d  monitored  
a long the Belgian coast (Kuyken 1978) and  coasts of 
the  ne ighbouring  countries (e.g. C am p h u y se n  & van 
F ran ek e r  1992). C am p h u y se n  & Leopold (1994) esti­
m a ted  the n u m b e r  of w intering guillemots in the 
130 000 k m 2 sou thern  N orth  Sea a re a  at abou t 235 000 
individuals for the 1984 and  1987 O c to b e r -N o v e m b e r  
p e a k  period. A decline in density  occurs a round  Feb- 
ru a r y -M a r c h  as the birds move back  tow ards the 
b ree d in g  grounds.  To w h a t  ex ten t  birds dying at sea 
contribu te  to this dec line  is unclear, as the  pe rc en ta g e  
of these  birds finally reach ing  the shores is unknow n.

S eabirds  are  likely candida tes  to accum ula te  toxic 
po llu tan ts  (organochlorines and  heavy  metals) and  
have  b ee n  w idely used  as bioindicators (M uirhead  & 
F urness  1988, O hlendorf  & Fleming 1988, Thom pson 
1990, W alsh 1990, Elliot et al. 1992, Thom pson  et al. 
1992, S tew art  et al. 1994, Burger  & Gochfeld 1995, 
W enzel & G abrie lsen  1995). Long-term  chronic effects 
of con tam inan ts  m ay have  severe  consequences  on 
reproduction,  disease, stress susceptibility ( im m uno­
suppression) and  behav iour  p a t te rn s  (Scheuham m er 
1987, Peaka ll  1992). Despite extensive information on 
heavy  m etal and  organochlorine levels in seabirds, few 
p ap e rs  have  cons idered  the possible links to pa tho log ­
ical findings. The aim of this p ap e r  is to com bine eco- 
toxicological data  and  the most severe  pathological 
ones (cachexia, acu te  and  hem orrhag ic  gastro- 
en teropathy)  in o rder  to eva lua te  the possible causes 
of d e a th  of w intering com m on guillemots. Preliminary 
results concern ing  the  m e an  heavy  m eta l  conten t of 
the birds collected b e tw e en  1990 and  1993 sugges ted  
h igh  levels of Cu, Zn and  Hg (B ouquegneau  et al. 
1994).

MATERIAL AND METHODS

C ollection  and storage. A regu la r  and  systematic 
collection of stranded, seab irds  w as o rgan ised  along 
the 67 km of the Belgian shore dur ing  6 successive 
winters (1989-90 to 1994-95). A total of 251 d ea d  guille­
mots w ere  collected from the beaches; an additional 
476 live guillemots w ere  collected and  w en t  th rough  
rehabilita tion  cen tres  w here  they eventually  died. 
Putrified specim ens w ere  d iscarded. Collected ca r­
casses w ere  kep t  frozen until necropsy  was perform ed 
at the  Pathology D ep a rtm en t  of the  V etennary  
College, Liège University, using a consistent protocol 
(Dorrestein & van der  H age  1993). They w ere  weighed, 
an d  oil con tam ination  on p lum age  an d /o r  in intestinal 
tract an d  lesions w ere  noted. Nutritional state , absence

of subcu taneous  fat, and  light to severe a trophy  of p e c ­
toral muscle (visible signs of cachexia) w ere  eva lua ted  
on a range  from 0 to 3; specifically: 0, p re se n ce  of su b ­
cu taneous fat, norm al pectoral muscle; 1, absence  of 
fat and  slight pectoral muscle atrophy; 2, m odera te  
pectoral muscle atrophy; 3, severe pectoral muscle 
atrophy. For statistical purposes, group 0 was tested 
aga inst  groups 1, 2, and  3 to com pare  norm al versus 
cachectic birds. Necropsy technique involved opening  
of body cavities, dissection of the  d igestive tract, and 
exam ination  of the respiratory, u r inary  a n d  genital 
systems (Jauniaux et al. 1996). Intestinal serosal su r­
face congestion, hyperaem ic and  th ic k en e d  intestinal 
wall, and hem orrhag ic  content w ere  u sed  as p a r a ­
m eters  for acute and  hem orrhag ic  gas tro -en teropathy  
diagnosis (Dorrestein & van der  H age  1997). Parasites 
w ere  identified on 248 guillemots and  h ave  been  p r e ­
viously repor ted  by Brosens et al. (1996). Respiratory 
tract mycetes (A sperg illus  spp.) have  b e e n  identified 
on 7 guillemots out of 198 (Jauniaux & Coignoul 1994). 
For bacteriology, all 727 birds w ere  ev a lua ted  for ev i­
dence  of intestinal salmonellosis following a classic 
isolation p rocedu re  repo r ted  e lsew here  (Jauniaux  et 
al. 1996). T h ree  birds w ere  positive for Salm onella  
(2 cases of S. enteritid is  and  1 case of und e te rm in e d  
Salm onella  spp.). H istopathology was restric ted  to 
lesions observed  at necropsy. Most lesions w ere  histo- 
lytic and bore freezing artifacts. The only significant 
lesions seen  in guillemots w ere  in rela tion  with  infec­
tious agents  such as A sperg illus  spp. (see above). No 
test was used  for virus isolation. Two age  classes w ere  
considered based  on the p resence  of cloacal bursa 
fabricii (C am phuysen  & van  F raneker  1992): class I 
comprising juvenile  (1st winter) and  im m ature  (2nd 
and  3rd winter) birds; class II (4th w in te r  and  th e re ­
after), consisting of m a tu re  but not necessarily  b re e d ­
ing birds. Of a total of 727 birds, 339 (170 beached  
dead, 169 from rehabilita tion centres) w ere  dissected 
and  samples of liver, kidney and  pectoral m uscle were  
collected for analysis of total Hg, o rganic  Hg, polar 
lipids and  PCBs (Laboratory for Ecotoxicology and  
Polar Ecology of Brussels Free University) and  heavy 
metals, metallothioneins and  total lipids (Oceanology 
D epartm en t of Liège University).

Total m ercury and organic m ercury analyses. Total 
m ercury  analyses w ere  perfo rm ed  by specific atomic 
absorption spectrom etry  using a Perkin-E lm er MAS-50 
M ercury  ana lyser  after the m ethod  described by Hatch 
& Ott (1968), modified by B ouquegneau  (1973).

O rganic  m ercury  (MeHg) concentra tions w ere  m e a ­
su red  by ECD semi-capillary gas ch rom atography  on a 
P ackard  437 following a toluene (Merck 8389) 3-step 
extraction (Uthe et al. 1972). Fresh w e ig h t /d ry  weight 
ratio was de te rm ined  by lyophilising. M ercury  concen­
trations w ere  expressed  as pg g_1 dry w eigh t (DW).
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Quality control m e asu rem en ts  for both total and  
organic m ercury  inc luded replicate analysis resulting 
in coefficients of variation <10%  and  analysis of certi­
fied re ference materia l (DORM-1, NRC, Canada) with 
a variation in the m easu rem en t  up  to 10% at the most. 
Limits of detection w ere  0.01 pg and  0.02 ng re sp e c ­
tively, corresponding  to 0.01 and 0.02 pg g "1 DW for an 
average  1 g sample.

Other trace elem ent analysis. Atomic absorption 
spectrophotom etry  (ARL 3510) was used  to determ ine 
heavy metal concentra tions (Cu, Zn, Cd, Fe). Pb, Ni, Cr 
and  Ti contents w ere  also de te rm ined  but the results 
most often w ere  below  the detection limits and will not 
be discussed. After being  w eighed  and  dried for 48 h at 
110°C, sam ples  w ere  d igested  with a mixed solution of 
chloric (Merck 317) and  nitric (Merck 456) acids (1:3, 
v:v) and  slowly hea te d  to 100°C until com plete  d ig e s ­
tion. The samples w ere  then  diluted, filtered and  
analysed. Parallel to the samples, a set of certified 
material sam ples  (CRM 278 Com m unity  Bureau of 
Reference, Commission of the E uropean  Communities) 
was also ana lysed to ensure  the m ethod 's  sensitivity. 
Recoveries r an g e d  from 92 to 102% for Cu, Zn and  Fe 
and  80% for Cd. Limits of detection w ere  0.01 pg g_1 
DW for Cu, 0.33 for Zn and  0.22 for Cd. Concentra tions 
are  expressed  as pg g“1 DW

PCB analysis. PCB (polychlorinated biphenyl) res i­
dues w ere  d e te rm in ed  by ECD-gas ch rom atography  
on a Shim adzu GC14A using a 30 m fused silica CPSil 
8CB capillary column following a hexane  extraction 
(Jansen 26.836.64) and  florisil (M acherey-Nagel 81571) 
clean-up. PCBs w ere  identified using a co n gener  m ix­
ture including International Union of Pure and  Applied 
Chemistry  (IUPAC) congeners  28, 52, 101, 118, 138, 
153, 156, 170, 180 and  194. Results w ere  expressed  as 
pg g ' 1 DW. Since the sam ple PCB pat terns did not suf­
ficiently coincide with Aroclor 1254 or 1260 patterns, 
results w ere  expressed  as XPCB, or the sum of the 10 
individually identified congeners, w hich represen ts  
± 35%  of the total PCB load.

Sam ple preparation and lipids analysis. The m ethod  
used  for the total lipids extraction was described  by 
Barnes & Blackstock (1973). The polar lipid content 
was de term ined  gravim etncally  after lipid hexane  
extraction inc luded in the PCB procedure .  Total and  
polar lipids are  expressed  as g g -1 DW.

Statistical analysis. All statistical tests w ere  p e r ­
formed using Statistica® for Windows 5.1 com puter  
program m e. Tissue concentra tions for each  metal were  
tested  to fit a normal distribution using Kolmogorov- 
Smirnov 1-sample tests. In the case of norm al d is tribu­
tion, data w ere  ana lysed using a f-test. W hen data 
significantly differed from a norm al distribution, a non- 
param etr ic  test (M ann-W hitney U-test) was used. Dif­
ferences w ere  considered significant w h en  p < 0.01.

RESULTS AND DISCUSSION

None of the birds recovered  in the p resen t study 
w ere  ringed, so that no information was available on 
their origin and /o r  their w ande rings  prior to dea th  
This situation most p robably  reflects the fact tha t only 
a small proportion of birds are r inged  and  that not all 
dying birds are w ashed  ashore  (Pionneau 1987, C a m ­
phuysen  & van  F raneke r  1992). N evertheless ,  a small 
n u m b e r  of r inged guillemots (n = 27) found in Belgium 
during the 1980s and  1990s w ere  m ainly of Scottish 
origin (17/27); only a minor fraction cam e from G er ­
many, Sweden, The N ether lands,  the South of England  
and  Ire land (W. R oggem an  pers. comm.). Recoveries of 
guillemots during the 1980s in The N ether lands  
revea led  that a majority of birds h ad  b ee n  r inged  in 
Scotland (Cam phuysen  & van  F ran ek e r  1992). With a 
necessary  w ord of caution b ased  on the fact tha t r ing ­
ing efforts are  not the sam e in all countries, it still 
seem s reasonab le  to assum e tha t most of the guille­
mots collected during  the pas t 6 yr orig inated  from the 
Scottish area. Several studies show tha t guillemots 
have no d e a r  migration pattern ,  bu t  ra the r  d isperse at 
sea, and  that im m ature  individuals are  likely to show a 
h ighe r  mortality rate  than adult  birds (Birkhead 1974, 
M e ad  1974, N ett leship  & Evans 1985, Lloyd et al. 
1991) Both L andsborough  (1953) and  M ead  (1974) 
show ed  that guillemots r inged  at colonies on the ea s t ­
e rn  coasts of E ng land  and  Scotland had  m oved 
th rough  the English C hanne l  and  the sou the rn  par t  of 
the North  Sea. Aerial and  ship surveys in the sou thern  
North Sea clearly indicate that la rge  n u m b e rs  of guille­
mots en ter  this a re a  by O c to b e r -N o v e m b e r  and  move 
out aga in  by F e b ru a ry -M a rc h  (C am phuysen  & Leo­
pold 1994).

A sam ple  of 339 guillemots w as  fully investigated. 
During the 6 w inters inc luded  in the study period, 89% 
of the birds w ere  collected from Ja n u a ry  to M arch 
(Fig. 1). Peak  densities (num ber  of guillemots p e r  k m 2 
sea surface) in the sou thern  North  Sea w ere  recorded  
from O ctober to J a n u a ry  (C am phuysen  & Leopold 
1994). H igh densities, p robably  com bined  with severe  
environm enta l constraints such as low tem peratures ,  
storms and  starvation, p rovoke  an  im portan t mortality 
during  the  second half of the  w in tering  period. A la rge 
proportion  of the birds w ere  oiled, e i ther  externally  or 
both  externally  and  internally, or show ed  clear signs of 
exhaustion, with em ac ia ted  pec toral muscle and  very 
little or absence  of abdom inal and  subcu taneous  fat, 2 
distinctive fea tures  of cachexia, a long an d  chronic 
condition (Table 1).

Significant d ifferences a p p e a r e d  for Zn, Fe, total Hg, 
organic Hg and  PCBs b e tw e e n  d ea d  birds from the 
b each  and  those provided  by rehabilita tion  centres  
(Table 2). T hese  high levels of pollu tants  in rehabili-
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Fig. 1 Uria aalge. Overall s trand ing  (p e rcen tage  of total 
n um ber)  of guillemots (I, this work) com p ared  to their  d e n ­
sities ( □ ,  n u m b er  per  k m 2; C a m p h u y sen  & Leopold 1994) in 

the  sou thern  North  Sea

ta ted  birds are  not likely to result from a d ec rease  of 
body m ass but p robably  ins tead  from die tary  changes. 
[This is indeed  confirmed by the  fact tha t 813C content 
of the tissues was low er in  rehab il i ta ted  guillemots (S. 
Caulle, P. D auby & V. D eb ack e r  unpubl. results).] For 
this reason, from the  third w in ter  on, w e dec ided  to 
focus only on individuals found dead, considering  that 
birds tha t passed  th rough  rehabilita tion  cen tres  could 
be  an  im portan t  bias. The following discussion th e re ­
fore only refers to individuals w ash e d  ashore  dead. 
Nevertheless ,  this sam ple  is not necessarily  fully r e p re ­
sen ta t ive  of the 'natural '  population.

Most of the birds w ere  oiled (55%) and  cachectic 
(76%) (Table 1). Sixty-one percen t had  developed acute 
hem orrhagic  gas tro-enteropathy. Thirty-one percen t 
w ere  oiled externally  and  internally; 24%  show ed  only 
external traces; 45 % show ed no signs of oiling. Oiling is 
know n to be a major cause of dea th  for wintering guille­
mots en ter ing  the fairly polluted sou thern  North Sea 
(Stowe & U nderw ood 1984, C am phuysen  & Leopold 
1994, D ahlm ann et al, 1994, C am phuysen  1995). Partial 
or extensive oiling necessarily leads to starvation, deb i l­
itation and  su b se q u en t  death , and  even tua l  stranding.

We systematically exam ined  the  influence of age, 
sex, the most f requen t  lesions (cachexia, acu te  h e m o r­
rhagic gastro-enteropathy), and  stable pollu tant levels 
(heavy metals and  PCBs) on the contam ination levels 
of the  tissues (Table 3). No clear-cut differences a p ­
p ea red  be tw een  class I (juvenile and  imm ature)  versus 
class II (adult) birds, nor be tw e en  male and  female 
birds, except for cadm ium  concentrations w hich w ere  
twice as high in adult k idney (p < 0.01). The 2 groups 
d isplayed m edian  Cd concentra tions of 4.9 and  9.2 pg 
g"1 DW, with different distribution p a t te rn s  for age 
class I and  class II (Fig. 2). Variations in k idney  Cd 
levels a re  likely to reflect both die tary  differences and  
ag e  accum ulation  effects. Cd concentra tions in the 
k idney  has been  show n to correlate with ag e  in several 
seab ird  species (Thompson 1990, Lock et al. 1992).

O ne might expect a genera l  increase of pollutant 
levels in the  case of cachexia. A part from a genera l  
d ec rease  of subcu taneous  fat, the total w eigh t loss in 
the case of cachectic birds (708 ± 116 g, non-cachectic 
781 ± 140 g) was l inked to a genera l  d ec rease  in

Table  1. Una aalge. P e rcen tag es  of class I (juvenile a n d  imm ature) and  class II (adult), male a n d  female, non-cachec tic  (-) and 
cachec tic  (+), acu te  hem o rrh ag ic  g as t ro -en te ro p a th y  negative  (-) and  positive (+), oiling: no oiling, external  only (E) and  external 
an d  in te rna l  oiling (E + I), of guillemots collected e ithe r  directly from the b each  (Beached) or after a stay in a rehabili tation centre

(Centre)

n Age class I Age class II 
Juv. + imm. Adult

Sex 
M ale  Fem ale

Cachexia  
-  +

G astro-en te ropathy
+ No

Oiling
E E +

B eached
W inter 1989-90 48 77 23 62 38 23 77 54 46 0 11 89
W inter 1990-91 31 45 55 60 40 18 82 54 46 9 0 91
W inter 1991-92 12 67 33 42 58 30 70 60 40 33 0 67
W inter 1992-93 75 54 46 49 51 12 88 34 66 56 24 20
W inter 1993-94 74 70 30 57 43 30 70 36 64 63 31 6
Winter 1994-95 11 70 30 80 20 27 73 9 91 36 67 0
All 251 65 35 56 44 24 76 39 61 45 24 31

Centre
W inte r  1989-90 83 67 33 69 31 13 87 58 42 0 31 69
W inter 1990-91 122 63 38 50 50 40 60 52 48 0 12 88
W inter 1991-92 64 83 17 65 35 37 63 60 40 12 23 65
W inter  1992-93 116 81 19 50 50 9 91 43 57 34 20 46
W inter  1993-94 76 67 33 63 37 18 82 43 57 49 42 fl
W inter  1994-95 15 60 40 64 36 40 60 47 53 53 47 0
All 476 75 25 61 39 26 74 55 45 13 23 64
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Table  2. Una aalge. Body mass (g) and  trace e lem en ts  concentra tions (pg g : DW) in liver, k idney  and m uscle  of guillemots, col­
lected e ither directly from the beach  (Beach) or after a stay in a rehabili tation cen tre  (Centre), e x p ressed  as a m ean  ± s tandard  
deviation, median, range  of concentra t ions (minimum -  maximum), and n u m b er  of sam ples (n); nd: non de te rm ined ,  <dl: below 
detect ion  limit, ns: not significant. Total and  polar  lipids a re  expressed  as g g “1 DW. Statisitical significant d ifferences a t  p  < 0.01

are given in bold

Beach

725 ± 125 
700 

4 40-1180  
(168)

—  Body mass 
C en tre

634 ± 102 
600 

465-1280  
(164)

P

<0.01

Kidney —  
C entre

K/Í11 cc liei_
Beach C entre p Beach P Beach

iviUolwlt.
C en tre P

Cu 52 ± 17 51 ± 26 28 ± 12 31 ± 13 18 + 6 2 0 + 1 1
52 50 ns 27 31 ns 18 18 ns

14 -  100 10 -  152 1.1 -  76.3 2 - 7 4 9 - 5 3 3 - 9 0
(144) (104) (110) (53) (145) (107)

Zn 145 ± 39 168 ±46 169 ±41 173 ± 46 60 ± 14 73 ± 31
138 158 <0.01 168 176 ns 59 p ?  67 <0.01

6 6 - 3 2 8 8 4 - 4 1 3 4 1 - 2 8 4 37 - 2 8 6 31 -  131 3 6 - 2 3 5
(144) (104) (111) (54) (145) (107)

Fe 2549 ± 1354 3557 ± 1564 613 ± 294 700 ± 257 669 ± 241 903 ± 784
2274 3468 <0.01 569 668 <0.05 641 a?  732 <0.01

393 - 5 9 2 8 775 -  7946 122 -  2376 367 -  1759 337 -  2428 78 -  5724
(144) (104) (111) (53) (145) (107)

Cd 2.4 ± 1.6 2.5 ± 1.9 7.8 ± 6.5 6.2 ±5.3
2.1 2.1 ns 6.4 4.7 ns <d] <dl

<dl -  10 1 <dl -  9.7 <d 1 -  39.9 <dl -  30.2
(144) (104) ( Ul ) (54)

Total Hg 5.9 ± 2.9 7.9 ± 6.3 4.6 ± 3.0 5.7 ± 2.4 2.1 ± 1.1 3.8 ± 3.4
5.4 6.0 <0.05 4.0 4.5 ns 1.8 . <  2.8 <0.01

0.8 - 20.7 1.2 -  35.8 1.0 -  23.8 4.4 -  9.3 0.3 - 6 . 7 0 .4 - 2 3 .2
(156) (125) (90) (4) (163) (139)

Org. Hg 4.6 ± 2.2 6.6 ± 5.4 3.3 ± 1.5 5.2 ± 1.8 1.6 ± 0.8 3.1 ± 2.8
4.1 U f  5.0 <0.01 3.0 4,6 <0.05 1.4 p T  2.2 <0.01

0.8 -  14.1 1 .3 -3 2 .3 1.0 -  6.9 3.6 -  7.8 0.3 -  4.9 0.4 -  17.8
(138) (105) (55) (4) (136) (114)

Inorg. Hg 1.1 ± 1.1 1.3 ± 1.6 0.9 ± 0.7 0.6 ± 0.7 0.4 ± 0.4 0.6 ± 0.8
0.9 0.9 ns 0.7 0.5 ns 0.3 0.4 ns

0.0 -  6.5 0.0 -  10.8 0.0 -  2.6 0.0 -  1.5 0 . 0 -  1.9 0.0 - 5 .3
(135) (105) (54) (4) (136) (113)

Sum PCB 5.7 ± 6.0 11.7 ± 13.0 3.4 ± 2.8 2.6 ± 1.6 2.1 ± 1.8 5.4 ± 10.0
3.5 8.7 <0.01 2.6 2.2 ns 1.6 ..<  3.0 <0.01

0 .3 - 2 7 .2 1.0 -  60.4 0.1 -  12.8 1.1 -  4.7 0.1 -  10.5 0.2 -  81.9
(130) (68) (88) (4) (130) (77)

Total lipids 0.18 ± 0.07 0.16 ± 0.07 0.10 ± 0.08 0.14 ± 0.12
0.17 0.15 ns nd nd 0.08 p f  0.10 <0.01

0.03 -  0.60 0.06 -  0.33 0.01 -  0.63 0 .0 5 -0 .6 5
(120) (32) (119) (31)

Polar lipids 0.11 ± 0.03 0.11 ± 0.04 0.12 ± 0.02 0.07 ± 0.04 0.04 ± 0.03 0.05 ± 0.04
0.11 0.10 ns 0.12 0.08 <0.05 0.03 0.04 ns

0.04 -  0.29 0.07 - 0.27 0.03 -  0.17 0.01 -  0.11 0.01 -  0.16 0.01 -  0 19
(130) (68) (88) (4) (130) (77)

muscle lipid content. Elevated  liver levels for PCBs in 
the case of cachectic birds m ight indicate  a rem obiliza­
tion after depletion  of fat deposits (Fig. 3). It is also 
worth noting that the h ighest levels for PCBs, p a r ­
ticularly in the liver, w ere  always found in cachectic 
animals. For all tissues, significantly h igher levels of 
Zn w ere  also linked to the status of cachexia.

Acute hem orrhag ic  gas tro -en teropathy  show ed  no 
clear relation with levels of stable contam inants ,  e x ­
cep t in the case of organic Hg, which w as found in 
h igher  concentra tions in the  k idney  of anim als which 
had  deve loped  acu te  hem orrhag ic  gas tro -en teropathy  
(Table 3b). The inflammatory n a tu re  of the intestinal 
lesion could not be  conclusively assessed, due  to the
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T ab le  3. Uria aalge. Body mass (g) and  trace e lem ents  concentra t ions (gg g 1 DW) in (a) liver, (b) k idney  and  (c) muscle  of guillemots e x ­
p re ssed  as a m ea n  ± s tan d ard  deviation, m ed ian  and  n u m b er  of sam ples (n) in individuals found dead  on the shores (n = 170): class I (juvenile 
a n d  imm ature) an d  class II (adult), m ale  and  female, non-cachec tic  (-) and  cachectic  (+), acute  hem orrhag ic  g as t ro -en teropa thy  negative  (-) 
a n d  positive (+), oiling: no oiling, external and  in ternal  oiling (E + I) and external only (E), Total and  polar lipid content expressed  as g g 1 DW.

Statisit ical significant differences at p < 0.01 are given in bold

A ge class I 
Ju v . + im m .

A ge class ÍI 
A d u lt

Sex
M ale  F em a le

C ac h ex ia
+

G a s tro -e n te ro p a th y
± No

O iling  
E ± 1 E

B ody 707 ± 109 7 6 1 ± 133 725 ± 123 717 ± 1 1 7 781 ± 140 708 ± 116 748 ± 132 711 ± 120 6 9 8 ± 116 745 ± 123 747 ± 137
m ass 088 725 700 700 760 680 707 687 680 715.0 700.0

(92) (49) (86) (65) (40) (126) (64) (102) (75) (51) (41)
(a) L iver
C u 51 ± 17 52 ± 17 53 ± 17 51 ± 16 48 ± 20 53 ± 16 52 ± 17 52 ± 17 51 ± 16 52 ± 16 53 ± 21

51 53 53 51 45 52 57 52 52 50 55
(75) (42) (74) (54) (36) (108) (55) (89) (66) (39) (38)

Zn 145 ± 39 150 ± 38 147 ± 46 145 ± 28 129 ± 33 151 ± 4 0 148 ± 47 144 ± 33 142 ± 34 150 ± 3 0 147 ± 5 4
137 147 134 143 125 *  143 130 140 136 145 132
(75) (42) (74) (54) (36) (108) (55) (89) (66) (39) (38)

Fe 2 3 2 5 ± 1202 2867 ± 1438 2353 ± 1087 2758 ± 1603 2528 ± 1391 2557 ± 1347 2 7 0 1 ± 1484 2455 ± 1266 2509 ± 1424 2499 ± 1335 2679 ± 1288
2178 2554 2231 2372 2130 2320 2337 2260 2318 2189 2362
(75) (42) (74) (54) (36) (108) (55) (89) (66) (39) (38)

C d 2.2 ± 1.6 2.7 ± 1.4 2.4 ± 1.5 2.7 ± 1.8 2.5 ± 2.3 2.4 ± 1.3 2.7 ± 2.1 2.2 ± 1.3 2.7 ± 2.1 2.2 ± 1.2 2.2 ± 1.2
1.9 2.3 2.2 2.2 2.0 2.2 2.3 2.0 2.1 2.0 2.1

(75) (42) (74) (54) (36) (108) (55) (89) (66) (39) (38)

T o ta l H g 6.4 ± 3 .2 5,1 ± 2.4 4.3 ± 2.1 5.9 ± 2.4 5.3 ± 2.3 6.1 ± 3.1 5.8 ± 2.8 6.0 ± 3.1 5.3 ± 1.9 6.9 ± 3 .9 5.7 ± 3.0
5.7 4.7 4.1 6.0 4.9 5.5 5.5 5.3 5.3 6.9 5.5
(87) (45) (20) (24) (37) (118) (57) (98 (71) (43) (41)

O rg . H g 4 .9  ± 2.4 4.2 ± 2.1 3.5 ± 1.8 4.9  ± 2.1 4.3 ± 2.0 4.7 ± 2.3 4.6 ± 2.3 4.6 ± 2.3 4.2 ± 1.3 5.1 ± 2.8 4.6 ± 2.7
4.2 3.9 3.0 4.8 4.3 4.0 4.2 3.9 4.1 4.3 3.9
(75) (41) (17) (23) (34) (103) (51) (86) (63) (37) (37)

Inorg . H g 1.2 ± 1.3 1.0 ± 1.1 1.0 ± 1.0 1.1 ± 1.2 0.8 ± 0.9 1.2 ± 1.2 1.1 ± 1.0 1.2 ± 1.2 1.0 ± 0 .8 1.4 ± 1.5 1.2 ± 1.2
0.9 0.7 0.7 0.5 0.6 0.9 0.8 0.9 0.9 0.8 0.7
(74) (40) (17) (22) (33) (101) (49) (85) (63) (34) (37)

Sum  PCB 5.2  ± 5 .8 7.5 ± 6.8 4.2 ± 2.6 10.4 ± 7.8 2.8 ± 2.9 6.6 ± 6.4 6.0 ± 6.4 5.6 ± 5.8 4.8 ± 4.8 8.1 ± 7 .) 6.0 ± 6.9
3.3 5.5 4.1 9.8 1.7 4.2 3.5 3.5 3.3 5.0 3.5
(68) (40) (17) (22) (31) (99) (46) (84) (68) (22) (39)

T o ta l lip ids 0.17 ± 0 .0 8 0.18 ± 0.05 0.17 ± 0.08 0.18 ± 0.05 0.18 ± 0.07 0.18 ± 0 .07 0.19  ± 0.05 0.17 ± 0 .07 0.18 ± 0.07 0.18  + 0.06 0.18 ± 0.06
0.17 0.18 0.17 0.18 0.18 0.17 0.18 0 17 0.17 0.19 0 17
(58) (35) (60) (44) (32) (88) (43) (77) (66) (17) (36)

P o lar lip ids 0 11 ± 0.03 0.11 ± 0.04 0.12 ± 0.04 0.10  ± 0.02 0.11 ± 0.05 0.11 ± 0.03 0.11 ± 0.03 0.11 ± 0 .0 3 0.11 ± 0.03 0.09 ± 0.02 0.12 ± 0.04
0.11 0.10 0.12 0.1 0.1 0.11 0.10 0.11 0.11 0.09

(22)
0.11

(68) (40) (17) (22) (31) (99) (46) (84) (68) (39)

(b) K id n ey
C u 28 ± 14 29 ± 11 28 ± 13 29 ± 13 22 ± 12 30 ± 12 27 ± 13 28 ± 12 29 ± 11 25 ± 13 27 ± 14

27 29 27 29 18 29 27 27 28 25 27
(53) (33) (56) (40) (27) (83) (38) (72) (61) (12) (36)

Zn 170 ± 4 2 175 ± 40 169 ± 42 177 ± 39 150 ± 4 6 176 ± 3 7 161 ± 4 5 174 ± 38 174 ± 41 159 ± 3 5 164 ± 4 2
170 182 164 187 147 *  '77 160 173 176 155 167
(53) (33) (56) (40) (28) (83) (37) (73) (61) (12) (37)

Fe 597 ± 320 622 ± 259 610 ± 216 592 ± 358 748 ± 278 567 ± 287 617 ± 270 611 ± 307 542 ± 225 688 ± 259 702 ± 375
563 629 594 559 694 540 

^  (83)
604 563 529 689 650

(53) (33) (56) (40) (28) (37) (73) (611 (12) (37)

Cd 5.9 ± 4.0 10.4 ± 6.8 7.2 ± 6.2 9.4 ± 7.3 9.2 ± 10.0 7.3 ± 4 .9 8.6 ± 8.1 7.3 ± 5 .6 8.3 ± 7.5 4.4 ± 2.5 7.9 ± 5.6
4.9 ^  9.2 6.1 7.1 5.9 6.5 6.5 6.3 6.3 3.8 6.8
(53) (33) (56) (40) (28) (83) (38) (73) (61) (12) (37)

T o ta l Hg 4 .9  ± 3 .5 4.3 ± 2.6 3 .9  ± 2 .1 5.1 ± 3.0 4 0 ± 1.9 4.8 ± 3 .2 4.0 ± 2 .2 4 .9  ± 3.2 4.0 ± 1.5 8.7 ± 6.9 4.5 ± 2.6
4.0 3.5 3.6 3.8 3.5 4.1 3 5 4.2 4.0 7.2 3.5
(45) (24) (12) (U l (26) (64) (32) (58) (49) (7) (33)

O rg . H g 3 .6  ± 1.5 2.9 ± 1.6 2.9 i  1.3 3 1 ± 2.0 2.9 ± 1.5 3.5 ± 1.4 2.6 ± 0 .9 3.6 ± 1.6 3.0 ± 1.0 4 .9  ± 1.7 3.5 ± 1.8
3.1 2.5 2.5 2.5 2.4 3.3 2.4 - 3.7 3.0 5.9 3.0
(25) (16) 0 ) (6) (19) (36| (18) (37) (33) (3) (181

Inorg . H g 0.8 ± 0.7 0.9 ± 0.8 0.8 ± 0 .9 1.1 ± 0 7 0.8 ± 0.6 0.9 - 0.7 0.8 ± 0.6 0.9 ± 0.7 0 8  ± 0 .6 1.2 ± 0 8 0 9  ± 0 .8
0.7 0 6 0.5 1.0 0.7 0.8 0.8 0.7 0.8 0.9 0.7
(25) (15) (81 (6) 118) (36) 118) (361 (32) (3) (18)

Sum  PCB 3.0  ± 2.4 3.3 ± 3.1 2.6 ± 1.9 4.5 ± 3.9 2.9 ± 2 .8 3.6 ± 2.8 3.6 ± 3.1 3.3 ± 2.7 3.2 ± 2 7 4 9 ± 4.4 3.2 ± 2.7
2.4 2.8 2.8 3.4 2.1 2.8 2.9 2.6 2.5 2 8 2.8
(43) 125 (13) (11) (27) (61) (32) (56) (46i (7) (34)

T o ta l Lipids nd nd n d nd nd nd nd nd nd nd nd

Pola r to pi d s  0,12 ± 0.02 0.12  ± 0.03 0 12 ± 0 .0 3 0.11 ± 0.03 0.11 ± 0.02 0 12 ± 0.02 0.11 ± 0.02 0 12 t  0 .02 0.12  ± 0 2 0.11 ± 0 .0 3 0.12 ± 0.02
0 .12 0.13 0.13 0 11 0.11 0 12 0.12 0.12 0.12 0.11 0.12
(43) (251 (13) U l) (27) (61) (32) (56) (46) (7) (34)
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T a b l e  3 ( c o n t i n u e d )

A g e  c lass  I 
J u v . + im m .

A g e  c lass  11 
A du lt

Sex
M ale  F em a le

C a c h ex ia  
-  +

G a s tro -e n te ro p a th y
+ N o

O iling  
E + 1 E

(c) M u scle
Cu 18 ± 6 16 ± 4 18 ± 6 18 ± 5 18 ±  5 18 ± 6 17 ± 5 19 ± 6 20 i  7 16 ± 4 18 £ 5

18 16 18 17 18 18 17 18 19 16 18
(77) (41) p e t (53) (37) (108) (56) (89) (65) (41) (38)

Zn 61 ± 15 58  ± 11 58 ± 16 61 ± 11 53 ± 12 62 ± 14 57 ± 13 62 ± 15 63 ± 15 56 ± 11 59  ± 15
59 57 55 61 52 62 55 61 63 54 55

(77) (41) (76) (53) (37) (108) (56) (89) (65) (41) (38)

Fe 693 ± 292 612 ± 130 688 ± 297 6 4 9 ± 131 586  ± 145 697 ± 260 646  ± 238 683 ± 242 7 1 1 ± 264 601 ± 107 674 ± 289
643 584 641 640 580 645 599 663 663 586 648
(77) (41) (76) (53) (37) (108) 156) (89) (65) (41) (38)

C d <dl < dl <dl <dl <dl <dl <dl <dl <dl <dl <dl

T o ta l H g 2.2 ± 1 1 2 .0  ± 1.2 1.6 ± 0.9 2.3 ± 1.4 2.0 ± 0.8 2.1 ± 1.2 2.2 ± 1.3 2 .0  ± 1.0 1.9 ± 0.8 2.5 ±  1.3 2.0 ± 1.3
1.9 1.7 1.4 1.9 2.1 1.7 2.0 1 7 1.8 y f  2.3 1.5
(89) (49) (20) (28) (39) (122) (62) (99) (72) (49) (41)

O rg . H g 1.7 ± 0.8 1.5 ± 0.9 1.2 ± 0.8 1.7 ± 0.9 1.5 ± 0.7 1.7 ± 0.9 1 7 ± 1.0 1.6 ± 0.8 1.5 ± 0.6 1.8 ± 0.9 1.6 ± 1.1
1.6 1.3 1.0 1.4 1.5 1.4 1.4 1.4 1.4 1.5 1.3
(77) (39) (15) (23) (33) (101) (49) (85) (64) (35) (36)

Inorg . H g 0.4 ± 0.4 0.4 ± 0.4 0.3 ± 0.3 0.4 ± 0.5 0.4 ± 0.4 0.4 ± 0.4 0 4 ± 0.4 0.4 ± 0.4 0.3 ± 0.4 0.6 ±  0.4 0.3 ± 0.4
0.3 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.2 0.5 0.2
(77) (39) (15) (23) (33) (101) (49) (85) (64) *  (35) (36)

S u m  PCB 1.8 ± 1.4 2 .6  ± 2.1 1.9 ± 0.9 3.1 ± 2.5 2.5 ± 2.3 2.0  ± 1.5 2.4 ± 1.9 2 .0  ± 1.7 1.7 ± 14 2 .9  ± 2.5 2.4 ± 1.7
1.3 2.1 1.6 2.5 2.0 1.6 1.9 1.6 1.3 2.0 2.0
(68) (40) (17) (22) (31) (99) (46) (84) (68) (22) (39)

T o ta l lip id s  0 .08  ± 0.04 0.11 ± 0.08 0 11 ± 0.09 0.09  ± 0.05 0.13 ± 0.11 0.09  ± 0.05 0.12  ± 0.11 0.09  ± 0 04 0 09 ± 0.05 0 .09  ± 0 .05 0.13  ± 0 11
0.08 0.08 0.08 0.08 0.11 0.08 0.08 0.08 0.08 0.07 0.10
(59) (33) (61) (42) (32) (87) (43) (76) (65) (17) (36)

P o lar lip id s  0.04 ± 0 .02 0,05 ± 0.04 0.06  ± 0.033 0.04 ± 0.03 0.07 ± 0.04 0.04  ± 0.01 0.05  ± 0.04 0.04 t  0.02 0 03 ± 0.01 0.05  ± 0.03 0.05  ± 0.04
0.03 0.04 0.04 0.03 0.05 0.03 0.04 0.03 0.03 0.04 0.04
(68) (40) (17) (22) (31) (99) (46) (84) (68) (22) (39)

Brosens et al. 1996, J a u n iau x  et al. 1996). No signifi­
cant overall t rend  could be linked to oiling status w hen  
com paring  non-oiled and  externally  oiled birds, which 
could partially be exp la ined  by the fact that external 
oiling may have occurred as a postm ortem artifact. 
However, significant differences in metal content a p ­
p e a re d  at different levels in com parisons of non-oiled 
guillemots with individuals which w ere  oiled both ex ­
ternally and  internally; it is still unclear  w he the r  or not 
these differences can be linked to ch anges  in the m e ta ­
bolism of the metals  involved in response  to oiling.

C om pared  to guillemots cap tu red  in the nor thern  
N orw ay area  (Wenzel & Gabrie lsen  1995) and  to those 
shot in nor thw est  Scotland (Stewart et al. 1994), the 
individuals collected on the Belgian coast w ere  heavily 
con tam inated  w ith  Cu, Zn and  Hg (Table 4). Similarly 
high Cu and  Zn levels for Uria aalge  and  for o ther  sp e ­
cies from the Belgian coast (Larus r id ib u n d u s , Rissa 
tridactyla, M elanitta  nigra) w ere  descr ibed  by Antoine 
et al. (1992) and  B o u q u e g n ea u  et al. (1994). Moreover, 
a previous study on the spéciation of m etals  in the 
cytosol of the liver and  kidney  of U, aalge  s t randed  
along the Belgian coast show ed  tha t the birds failed to 
m ain ta in  constan t Cu, Zn and  Cd levels in the  high 
m olecu lar  w e igh t soluble proteins in both  organs; only 
a small p a r t  of the  excess metal w as found to be d e ­
toxified by metallothioneins (B ouquegneau  et al. 1996).

poor quality of the material for histopathology. H ow ­
ever, we felt the lesion was w orth  m entioning, since it 
affected 61 % of the birds and  had  no clear  correlation 
with decay. Previous reports  m en tioned  a hem orrhag ic  
gastro-enteritis  as a term inal lesion, re la ted  to stress, 
in m arine  birds (Dorrestein & van  der  H age  1993, 
Leighton 1993). In addition, parasitological and  b a c te ­
riological examinations failed to isolate a likely infec­
tious cause  for that lesion (Jauniaux & Coignoul 1994,

50 
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Fig. 2. Uria aalge. Relative distribution of Cd concentration for 
age class I (juvenile and immature) and age class II (adult) in 

kidneys of guillemots found dead on the Belgian coast
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Fig. 3. Uria aa lg e . Relative distribution of PCB concentra t ions 
for non-cachectic  (Cach. -) and  cachectic  (Cach. +) birds m 
(a) liver a n d  (b) k idney  of guillemots found  d e ad  on the 

Belgian coast

CONCLUSIONS

Oiling is a major cause  of dea th  for w intering gu ille­
mots in the sou thern  North  Sea: 55%  of guillemots 
found on the  Belgian shores show ed ev idence of e x ­
ternal or in te rnal oiling. However, a large majority of 
birds (76%) w ere  in a sta te  of cachexia, p robably  due 
to shor tage of food, bad  w ea th er  conditions and  n a t ­
ural disease. On the other hand , h igh  levels of Cu, Zn, 
Hg and  PCBs w ere  clearly linked to cachexia, which 
can  be considered as favourable to the deve lopm ent of 
lethal, acute, hem orrhag ic  gas tro-enteropathy. None 
of these pollutants can be  cons idered  as the un ique 
and  direct cause of death , but m ight be  an  additional 
source  of physiological stress, lead ing  to debilitation 
and  death . Further  resea rch  is n e e d e d  to de term ine  
the actual effects of stable pollutants on the  hea lth  s ta ­
tus of guillemots. The beach ing  of birds can be consid­
e re d  as a multifactorial response to num erous  natural 
p h en o m en a  and  a series of an th ropogen ic  threats.
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Table 4. Uria aalge. Com parison  of trace e lem en t  concentra t ions (pg g _1 DW), expressed  as a range  of m ean  values or as a m ean  ± 
s ta n d a rd  devia tion, in guillemots of different ongins.  Data  from the Belgian coast given in bold, nd: non de te rm ined ,  <dl: below

detection limit

Time Place Cu Zn Cd Total Hg Source

Liver
n = 51 1970 to 1981 Belgian coast nd nd nd 7.2 ± 2.4 .Delbeke et al. (1984)
n = 83 Apr to Nov 1988 Northwest Scotland 12.9 -  16.1 58.4 -6 9 .7 1 .4 -2 .5 0 .9 -  3.7 Stewart et al. (1994)
n - 10 Summer Hornova: 20.0 ± 2.9 86.7 ± 14.9 3.1 ± 1.1 1.9 ± 0.4 Wenzel & Gabrielsen (1995)

1992 a n d  1993 North. Norway
n = 143 Winter 1990 to 1995 Belgian coast 52 ± 17 145 ± 39 2.4 ± 1.6 6.1 ± 3.4 This study

Kidney
n = 9 1970 to 1981 Belgian coast nd nd nd 4.4 ± 1.7 Delbeke et al. (1984)
n = 10 Summer Flornoya, 14.4 ± 1.9 114 ± 13 24.1 ± 7.5 1.5 ± 0.2 Wenzel & Gabrielsen (1995)

1992 and 1993 North. Norway
n = 83 Apr to Nov 1988 Northwest Scotland 12.3- 15.2 5 9 .3 -  74.1 1 .6 -  11.7 0 .8 - 3 .9 Stewart et al. (1994)
n = 143 Winter 1990 to 1995 Belgian coast 28 ± 12 169 ± 41 7.8 ± 6.6 4.6 ±2 .9 This study

M uscle
n = 24 Apr to Nov 1988 Northwest Scotland 10.2 -  14.0 20.9 -  26.0 nd 0.5 -  1.8 Stewart ot a). (1994)
n = 10 Summer Hornoya, 19.2 ± 0.9 49.3 ± 3.3 0,2 ± 0.1 0.4 ± 0.1 Wenzel & Gabrielsen (1995)

1992 and  1993 North. Norway
n = 143 Winter 1990 to 1995 Belgian coast 18 ± 6 60 ± 14 <dl 2.1 ± 1.2 This study



D ebacker  et al.: Beached guillemots on the Belgian coast 167

LITERATURE CITED

Antoine N, Jan se g e rs  I, H olsbeek L, Jo ins  C, Bouquegneau ,  
JM  (1992) Contam ination  pa r  les m étaux  lourds des 
oiseaux marins et des m arsouins de  la Mer du Nord. Bull 
Soc R Sei Liège 61:163-176 

Barnes H, Blackstock J (1973) Estimation of lipids in m arine  
anim als  and tissues: deta iled  investigation of the sulpho- 
sphovanill in m ethod for ’total' lipids. J  Exp M ar Biol Ecol 
12:103-118

Birkhead TR (1974) M ovem en t  and  mortality rates of British 
guillemots. Bird Study 21:241-254 

B o u q u eg n eau  JM  (1973) E tude  de l'intoxication par le m e r ­
cure  d ’un poisson té léostéen  A ngu illa  anguilla. 1 A c cu m u ­
lation du  m ercure  dans  les organes.  Bull Soc R Sei Liège 
9 -1 0 :4 4 0 -4 4 6

B o u q u eg n eau  JM, D ebacker  V, Antoine N, Coignoul F, Hols­
b e ek  L, Jau n iau x  T, Tapia  G, Joiris C (1994) C auses  of 
mortality and  heavy  meta ls  con ten t  of guillemots Uria 
aalge  s t ran d ed  along the Belgian Coast. Bull Soc R Sei 
Liège 63:211-217 

B o u q u eg n eau  JM, D ebacke r  V, G ober t  S, H av e lan g e  S (1996) 
Role of metallo th ioneins in metal regulation  by the guille ­
mot Uria aalge. Com p Biochem Physiol 113 C T 3 5 -1 3 9  

Bourne WRP, Vauk G (1988) H u m a n  impact  upon North  Sea 
birds. In: Salomons W, Bayne BL, Duursm a EK, Lorstner U 
(eds) Pollution of the North  Sea — an assessment.  
Springer-Verlag, Heidelberg ,  p 579-595  

Brosens L, J a u n iau x  T, S iebert  U, Benke  H, Coignoul F (1996) 
Observa tions of the he lm in ths of ha rbour  porpoises (Pho­
coena phocoena) an d  comm on guillemots (Uria aalge) 
from the Belgian and  G e rm an  coasts.  Vet Rec 139:254-257 

Burger  J, Gochfeld M  (1995) H eavy  metal and se lenium  con­
centrations in eggs  of herring gulls (Larus a rg en ta tu s): 
tem poral  d ifferences from 1989 to 1994. Arch Environ 
Contain  Toxicol 29:192-197 

C a m p h u y sen  CJ (1995) B each ed  birds in the N e ther lands  as 
indicators of m arine  oil pollution. Sula 9 :86-90 

C a m p h u y sen  CJ, Leopold MF (1994) Atlas of seabirds in the 
sou thern  North Sea. IBN Research  Report 94/6, NIOZ- 
Report 1994-8, Inst itute for Forestry and N a tu re  Research, 
Dutch Seabird G roup  a n d  N e ther lands  Institute for Sea 
Research, Texel 

C a m p h u y sen  CJ, van  F ran ek er  JA (1992) The  va lue  of 
b e ac h ed  bird surveys in monitoring m arine  oil pollution. 
Techn Rapp V oge lbescherm ing  10. Vogelbescherm ing  
Nederland ,  Zeist 

C arte r  IC, Williams JM, W ebb A, T asker  ML (1993) Seab ird  
concentra t ions in the North Sea: an  atlas of vulnerabili ty  to 
surface  pollutants . Joint N a tu re  C onserva tion  Committee,  
A b e rd ee n

D ah lm ann  G, Timm D, Averbeck  C hr, C am p h u y sen  C, Skov 
H, Durinck J (1994) Oiled seab irds -comparative investi­
gations on oiled seabirds and  oiled beach es  in the  N e th e r ­
lands, D enm ark  and  G erm an y  (1990-93). Mar Pollut Bull 
28 :305-310

D elbeke  K, Joiris C, Decad t  G (1984) M ercury  contam ination  
of the Belgian avifauna, 1970-1981. Environ Pollut Ser B 
C hem  Phys 7 :205-22)

Dorrestein GM, van der  H ag e  MH (1993) Diagnostic  p a th o ­
logy. P roceedings of the E uropean  C onfe rence  of Avian 
M edecine  and  Surgery, Utrecht 

Dorrestein GM, van der  H ag e  M H  (1997) M arine birds 
necropsy findings. In: Jau n iau x  T, B o u q u e g n ea u  JM, 
Coignoul F (ed) M arine  m am m als,  seabirds,  an d  pollution 
of m arine  systems. Presses de  la Faculté  de  M édecine  
Vétér inaire  de l’Université  de Liège, Liège, p 151-165

D unnet  GM, Furness RW, T asker  ML, B ecker PH (1990) 
Seab ird  ecology in the North Sea. Noth J Sea Res 26: 
387-425

Elliot JE, S c h e u h am m er  AM, Leighton FA, Pearce  PA 
(1992) Heavy m eta l  and metallo th ionein  concentra t ions in 
Atlantic C an ad ian  seabirds.  Arch Environ C on tam  Toxicol 
22:63-73

H atch  RW, Ott WL (1968) Determ ination  of sub-m icrogram  
quanti t ies  of m ercury  by atomic absorption  sp ec tropho to ­
metry. Anal C h em  40:2085-2087 

Jau n iau x  T, Brosens L, Farnir F, M an teca  C, Losson B, Tav- 
e rn ier  J, Vindevogel H, Coignoul F (1996) Mortali té  des 
oiseaux marins lors de  l 'h iver 1992-1993 le long du littoral 
belge. A nn M ed  Vet 140:149-159 

Jau n iau x  T, Coignoul F (1994) Aspergillose  chez les oiseaux 
marins échoués  à la côte belge.  A nn  M ed Vet 4 :59-63 

Kuyken E (1978) B eached  bird surveys in Belgium. Ibis 120: 
122-123

Landsborough  (1953) T h e  m igrat ion  of British A uk  (Alcidae) 
as show n by the results  of m ark ing .  Br Birds XLVL3-15 

Leighton FA (1993) The  toxicity of oil pe tro leu m  to birds.
Environ Rev 1:92-103 

Lloyd C, T asker  ML, P a r tn d g e  K (1991) The status of breed ing  
seah irds  in Britain and  Ireland. T & A.D. Poyser Ltd, 
London

Lock JW, T hom pson  DR, Furness RW, Bartle JA (1992) Metal 
concentra t ions in seab irds  of the N ew  Z ea lan d  region. 
Environ Pollut 75:289-300 

M ead  CJ (1974) T he  results  of r inging Auks in Britain and  Ire­
land. Bird Study 21:45-87 

M ead  C, Baillie S (1981) Seab irds  an d  oil: the worst winter.
N a tu re  292:10-11 

M u irh ead  SJ, Furness  RW (1988) Heavy  metal concentra t ions 
in the tissues of seab irds  from G ou g h  Island, South 
Atlantic Ocean. M ar Pollut Bull 19:278-283 

Nettleship DN, Evans PGH (1985) Distribution and  status of 
the Alcidae. In: DN Nettleship,  TR Birkhead (eds) The  
Atlantic Alcidae:  the evolution, distr ibution and  biology 
of the Auks inhabit ing  the Atlantic  O cean  and  ad jacen t  
w a ter  areas.  Academ ic  Press, London, p 8 4 -8 8  

North  Sea Task Force Report (1993a) North Sea Subreg ion  4: 
a ssessm en t  report  (Netherlands ,  Belgium, France,  G e r ­
m any  an d  United  Kingdom). Oslo a n d  Paris Commission. 
Olsen & Olsen, F redensborg  

North  Sea Task Force Report (1993b) North Sea quality  status 
report .  Oslo and  Paris Commission. Olsen & Olsen, F re ­
densborg

Ohlendorf  HM, Fleming WJ (1988) Birds and  env ironm enta l  
c on tam inants  in San Francisco a n d  C h e sa p e a k e  Bays. Mar 
Pollut Bull 19:487-495 

Peakall  D (1992) Animals b iom arkers  as pollution indicators.
C h a p m a n  & Haii Ecotoxicology Series, London 

P ionneau  F (1987) E tudes  des o iseaux m arins échoués.  Le 
Point Vétér inaire  19:469-478 

S ch e u h am m er  AM (1987) T he  chronic  toxicity of a luminium, 
cadm ium, mercury, and  lead  in birds: a review. Environ 
Pollut 46:263-295 

S tew art  FM, Thom pson  DR, Furness RW, Harr isson  N (1994) 
Seasonal  variation in heavy  metal levels in t issues of 
com m on guillemots, Uria aalge  from N or thw est  Scotland. 
Arch Environ C on tam  Toxicol 27:168-175 

Stowe TJ, U nd e rw o o d  LA (1984) Oil spillages affecting 
seab irds  in the United Kingdom, 1966-83. M ar  Pollut Bull 
15:147-152

Thom pson  DR (1990) Metal  levels in m arine  ver tebrates .  In: 
Furness  RW, Rainbow PS (eds) Heavy  m etals in the  m arine  
environm ent.  CRC Press, London, p 143-181



168 Dis A quat  Org 29: 159-168, 1997

Thom pson  DR, Furness RW, Barrett T (1992) M ercu ry  c o n ­
centrat ions in seab irds  from colonies in the Northeast  
Atlantic.  Arch Environ C on tam  Toxicol 23 :383-389 

Uthe JF, Solomon J, G nft  B (1972) M etals  and  o ther e le ­
ments.  Rapid semimicro m eth o d  for the  de te rm ina tion  of 
m ethy lm ercury  in fish tissue. J Assoc Off Anal C h em  55: 
583 -5 8 9

R esponsib le  S u b jec t Editor: O. K inne, O ldendorf/L uhe, 
G erm any

Walsh PM (1990) T he  use  of seab irds  as monitors of heavy 
m etals in the m arine  environm ent.  In: Furness RW, Rain­
bow PS (eds) Heavy  metals in the marine  environment.  
CRC Press, London, p 183-204 

W enzel C, Gabrie lsen  GW (1995) Trace e lem ent acc u m u la ­
tion in th ree  seab ird  species from Hornoya, Norway. Arch 
Environ C ontam  Toxicol 29:198-206

M anuscrip t first received: A u g u s t 16, 1996 
R ev ised  version accepted: Jan u a ry  1, 1997


