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SEA BIRD WRECK
IN THE IRISH SEA
AUTUIVIN 1969

1 Thes repott 1s about the demhs of over 12.000

sea bids, mostly guillemots, which were washed
up on the shores of the Insh Sea and its approaches
i the autumn of 1969. h describes the main features
ol the incident, the nvestigations that were put in
hand to ascertain the causes, and the conclusians
that cinerged

2 The incident aroused public concern at the time
and much speculation as 10 1ts cause. This is under-
standluble. People e growing increasingly con-
crmed about then environment and the far-reaching
consequences thot human interference with 1t can
have The sighit of oded birds on ow beaches is
uofortunately only too common these days: but
depeessug though it s, at fenst the cause is obvious.
When Deaches over a considerable avea become
stattered wath unusually farge numbets of dead or
dymeg hnds of winch no more than fifteen per cent
are alded. and when the fust sample to be analysed
contaans suhstantal residues of chenucal substances
(-oly e Blonnated biphenyls) the nologreal effects of
which e hittle known, o s nght that the matter
should De thoroughly mvestigated.

3 1 Natiee Consmvancy acting in consuflition
with the voluntary bodies (pacagraph 8) repodded
these facts to the Headquanters of the Natuol
Eonvnorment Research Couneil in the naddie of
Octaber 1969, followang o press statement by the
Roval Souiety tor the Protection of Buds, Thee
follonwedd an vestigation anvolving some  thirty
atatsahions and lboratoues wotb g m colfaboma-

ol g

st gt cortf bed e e agspaees ol e Natinad froviecnnenr flese

non with the voluntary soceties. The work was
planned and the results collated at two ninor meet -
ings convened by the Sccretary of NERC at
Council Headyuarters, one on 24 October and the
other on 11 November.

4 The ourcome as iy reported in what follows, s
that no ST 1ITIor natural Gr atlincial can be
regardtd willy ceffainty as e main causeof the

"mCTdUTYr Thete have been sinular sta-Dird wWotks
in the past, before pollution can have been a possible

cause. Widespread ewvidence of malnutrition was
found among the dead birds in this incident but
there was no evidence of shortage of the lish on
which they feed: much more knowledge of the
feeding hotats of quillemots is however necded
helore these appuarently contradhctory facts can be
reconciled. The effect of the malnutrition of the
birds was probably compounded by natural causes
including moulting, disease and gales (there were
high winds dunng part ol the period). and may
have been aggiavated by the toxic effects of the
metalhic and organic residues found in many of the
dead buds. But no one of these factors can alone
be regarded as the decisive causce of the incident.

B Itis quite possible that tius is the true explanation
of the mystery -ie that several different factors in
combination were responsible. If so, the imphecatons
are not reassunng. it opens the possibility that
although pollutants in the seas around Britain may
not be present in sufficient concentiations to harm
wild life directly. they may yct increase the chances
that a bird or other organism which 1s under stiess
from some other cause will die rather than recover.
Even a small shift in the balance between life and
death could have a profound cffect on the baiance
of whole populations.

6 A (ull account of 1his enquiry and the details
of the laboratory work by the many Institutions
(both within and outside NERC) which collaborated
has been edited by Dr M W Holdgate who at the
time was Deputy Director (Research) of the Nature
Conservancy and who also acted as general co-
ordimator durning the incident. This account’ s
being made available in mimeograph to interested
organisations in this and other countries which are
concerncd with pollution problems. Particular as-

" pects will also be published in scientific journals

by the investigators concernaed.
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ORGANISATIONS
PARTICIPATING IN
THE INVESTIGATION

7 ihe Nawwal Enviionment Research  Council
(NIRC). which acted as general co-ordinator for
thes nvestigation has as its Prime function the
sewenuhc study and conservation of the natural en-
wronment and iis resources. Research with this
obyec ive 1s promoted by the Council at @ number of
msttules and hy qrants 10 universities. That which
v eoncerned with the mvestigation of the dynamics
ol valihle populations must clearly take account of
the- ponsible ettect of poliutants as well as of natural
cataes as factors influencing the stability of those
pepolations

8 wuhin NERC. the Nature Conservancy is
Buatain's official wildlife conservation body. but the
country is fortunate i also having voluntary con-
servahion organisations especially concerned with
buds. notably the Royal Socicty for the Protection of
Birds (RSPB), the Briish Trust for Ormithology
(B10) and the Seabird Group (a speciahist group
sponsored by the three major ornithological socie-
ties).* All these contributed to the investigation. in
avdiion. officers of the Royal Soctety for the Pre-
vention ol Cruelty to Animals (RSPCA) and its
Scottish counterpart, (SSPCA}. members of focal
natural history societies and Trusts for Nature Con-
servation, and people from umiversities as well as
povate individuals helped in counting the casualties
on the beaches and in collecting matenial {or post-
moitem examinations. The voluntary ornithological
bodiwes also collected the records and prepared
detmted casualty lists Dr W R P Bourne of the
Seabnd Group coltated and edited the evidence
from all these soutces.

9 Because the inaident nvolved fish-eating sea
burcs while they were 21 sea, suspicion was at the
e anderstandably directed towards the marine
environment. For that reason the Fisheries Research
faboratones of both the Ministry of Agriculture,
Fishienes and Food (MAFE) and the Department of
Aqgee tlture and Frshenes of Scotland (DAFES) were
uncrtty snvolved {from the gutset and played a8 major
-t teanvesthaatons M B B Parnsh, Directar of
e DAES AMannge Labotatory, Aberdeen. co-ordin-
ated thae collection of samples of seawater and of
marne bfe (ncluding the smatl fish on which the
torcds Teed).

1 0 On the laboratory side of the study, post-martem
evninations of the victims were carried out mainly
by 1hie Monks Wood xperimental Station of the
Natune Conservancy and the Department of Animal
Pathology of Cambiodage Umiversity, and also by the

MAFF Vetennary laboratorics at Lasswade, the
Central Veterinary Laboratory at Woeybridge, the
Laboratory of the Ministry of Agriculture of Northern
treland in Belfast, and the Wildfow! Trust. Tests
for the presence of viruses and bacleria ware done
by the Department of Animal Pathology at Cam-
bridge. the Agricultural Research Council (ARC)
Institute of Animal Diseases at Compton, the
Medical Research Council (MRC) National Institute
of Medical Research at Mill Hill, the MAFF labora-
tory at Lasswade and the Central Veferinary
Laboratory at Weybridge. Chemical analyses were
done by the Nature Conservancy at Monks Woad
and at Meslewood Research Station in Lancashire,
by five MAFF laboratories. by two DAFS stations,
by CDE Porton and by the Laboratory of the
Government Chermust: Monks Wood Experimental
Station co-ordinated this work and coflated the
evidence from all these sources. A {ull list of all the
organisations and laboratories involved, and the
work they undertook is set oul in Appendix |
L ]

THE 1969 INCIDENT
AND COMPARISON
WITH PREVIOUS
WRECIKS

11 The incident began with the arrival of small
numbers of sick and dying birds on the shores of
Notthern lrefand early in September 1868. In the
second half of September the mortality rate in-
creased dramatically and many thousands of
guillemots were cast up in North Wales, South-west
Scotland, Narthern ireland and other areas around
the irish Sea. Strandings of smaller numbers of
dead birds continued into November. Estimates.
based on counts, indicate that aver 12,000 dead
birds came ashore. Oil poliution affected only a
small proportion and where it did occur was almost
all traced to local spillages. Ninety per cent of the
mortality was among adult guilemots, mostly of
the race breeding in the Southern areas of the
British Isies. Most of them were in heavy moult at
the time. The distribution of dead birds does not
suggest that all the birds died from a single cause
operating at one place and time.

T2 Table 1 records the counts of dead birds on
various coasts. It is clear that a dromatically large
number of deaths occurred only around the Irnish
Sea and its approaches. The smait numbers from
the east and south coasts give an indication of
‘normal mortality' at this time of the yeac and confirm
that the number of deaths in the lrish Sea area was
far higher than the norm.

Y Mhe Hoval Suciety ter the Prootection of Burds. the Butist Trust for Ornithology and the British Ornithalogists™ Union
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13 11 tepes i lable T are subject to vanous
istanees the total number of burds
e neden n south west Scothand where the greatest
nire beer came ashore. s denived from sample counts
moufe un selected sections of beach to give an
tiaure {or the whole coastline. The
ac-utacy of the total of 17.347 dead tirds depends
Laqrely on the accutacy of the estunate for guillemots
tourat m SW Scotland. and to a lesser extent on
sundar estimates elsewhere What can be sind with
¢ otunty s that more than 12 000 dead birds prob-
atrey came ashore round the Insh Sea n the three
runthe from August to November, and the evidence
A aqed bieds provided by the BTO. supports the
Lo that the dead hads came manly from colonies
v seathem parnt of the insh Seqa. Because some
ity 10 have sunk or dinfied into the open
et 1ot may well have been much higher;
s onotholugists estunate the death toll as high

L L0000 100.000 birds.

o Fon

et ted

14 Confronted with an incident of this kind, it is
natural to search for precedents. Two species often
involved 1n large scale wrecks in the British sles,
and indced in the North Atlantic generally, are
Leach's petrel (Oceanodroma leucorrhoa) and the
little auk (Plauvtus alle). At least forty little auk
wrecks have been recorded in the British lsles.
They are often associated with storms, and a study
of one of the most secent indicated that they result
from a massed movement of birds from their normal
Arctic habitat into more southerly waters deficient
n food, where they become weakened and hable
1o be blown ashore by gales. The larger auks (puffin,
guillemot and razorbill} are wrecked far less often
than the little auk. and generally in smaller numbers.
It is not unusual for a few tens or even hundreds
to be cast ashore, but massed deaths like those of
quillemots in the 1969 wreck are rare.

15 Previously recorded wrecks of large auks in
the British Isies are summarised in Table 2 (page 4)

TABLE 1

Estimates and counts of dead birds on the beaches
(Most of these ligures are based on the Beached Bird Survey organised by the RSPB and the Seabird Group)

s

EAST " LAST SOUTH WALES NW WIST ISLE IRELAND TOVAL WINGS POST

SCOT. ENG- ENGLAND ENGLAND SCOT- Of CcoL- MOR-

LAND LAND LAND MAN LECTED TEM
Observers 10 24 23 67 22 a9 6 21 222 —  _
ivers nAnd.arcbes _1 A_ —_— - 1 3 — — — —_ —
M.ur\x_é}-;eh:;nler = - - 3 — — — —_ —_
Polonr 5 1 - _ 3 — - = 7 — 1
Ganet 6 3 3 7 3 3 5 35— —
Cormount, Shag 2 1 1 4 6 3 2 — - 19 1 1
Pucks 13 3 - 3 — 3 1 — 23  — 1
Voadern 2 5 2 3 1 1 — 14— —
(e ou e 3 o o 6 - 2 — 7 =
Voot Gall 27 8 2 16 18 6 6 5 88 - 1 1
a3 s 2 a4 a — — 1 19 — 1
batw ke 5 7 1. 2 4 1 3 2 25  — 2
Cown s 1 3 1 1 1 — 1 1 9 — 1
s T3 T 1 - 1 —_ - 6 —  —
O e 9 T a4 1 T3 35 14 2 a1 142 15 8
G 17 20 5 2019 898 11,816 320 1794 16889 528 112
R T Hl\l(ll‘n;l'.l-v-l'l_ T T -
P » 1. 30 1 3 - 1 38— -
T0TALS © 1020 690 170 2128° 8900 11,850 3410 1850° 17.347: 545 128

Ul gaes of H‘(l-'-)n\'\(‘!—e_n;n[)-..;);g‘]-l' 8 —‘Gt-n.»lléanl_im;é-p_n—rl_l;-l;;sed on esti;ales oB—ased on counts;.. 3
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Noane of these wrecks closely parallels the events of
1969. The incident in 1859 was somewhat similar
in that it occurred off south-west Scotiand in late
summer, just after the birds had left their breeding
mpounds. However, 1t is said 10 have killed mainly
razotbills even though guillemots were abundant in
the area. The total death roll was probably less than
in 1869 although the auk populations are believed
to have been many tunes larger a century ago. The
wreck in 1889 is very poorly docutmented but also

seems 10 have happened just after the brecding

season and may have coincided with severs qales.

The symptoms of the birds that died n the highly

local wreck in the Solway in 1907 seem reminiscent )
of those in 1963, and the timing is similar, as it was

in 1941,

16 it seems clear, therefore, that there have pro-
viously been wrecks of the larger auks in the period
August-September. These have often coincided

PRV Y

TABLE 2

Wracks of the Igrger auks in British waters

P A )

——

P R e e

L3 WY

D

DAl PLACH MAIN SPECIES  OTHER SPECIES MORTAULITY DTHER DBSIRVATIONS
1855_ North Norfolk  guillemot  razorbill, ‘large numbers’ Severe north-westerly gales nr_w—
(11 May) puflin, (240 counted in early May. Remarkable as no
gulls 2 miles) auks breed in the vicinity.
TBSB North Nocfoik  guillemot  puffin, "large numbers’
{September) razorbill,
scoter,
divers
1_858 {date  Cornwall puffin not stated ‘large numbers’
uncertain)
1869 Western sozorbill guillemot, ‘hundreds, even Severe storms noted
(about Scotland (80%) puffin, thousands’ elsewhere at the same period.
August) (Clyde to gulls
Belfast Lough)
1867 Quter all auks ‘a great number’ Bad weather during breeding
Helbndes season caused many to die
on the ledges.
1-87_2 England and razorbill none "Many’
(early in Scotland {noted at
year) lime)
S e ——— — - <
ca. 1889 ‘Ailsa Craig larger auks ‘massive’ (many Deaths after leaving breeding
(late : thousands ?) places said to have greatly
summer) reduced population.
1{3% Loch Leven guillemot, not stated Some birds blown inland by
(Augqus!- (Argyl!) iazorbill - gales.,
September)
1507- Solway Firth  guillemot  razorbil heavy and Young and old guillemots :
(August- prolonged some razorbills. Came closa
September inshore or stranded in
helpless condition. In good .
plumage but emaciated with
empty stomachs.
;9>1 1-1813  Aulsa Craig. quillemot.  puffin, progressive decline  Gannets on Ailsa Craty ]
Rathlin Island. razorhill kittiwake  in breeding unaffected as were seabirds
St Ki'da populations generally in Shetland,
Orkney and cast coast. l
1-9'41 ' Firth of Clyde guillemol not about 2,000
{September)

recorded
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wilh storny weather  which may have been the
pumary (ause in soe cases but in others may have
driven pshore or despatehed buds that had already
Leen weakened by other factors such as disease
ar malngtnbon. The largey auks, both adults and
young are fughtless (in moult or with growing
feathess) and at seq during this pesiod.

THE INVESTIGATION

17 1hefeststep was 1o eview what was happening
S the tune i the patural envieonment ; the weather,
thee sea currents. the state of manne life, and
espectally the abundance of the fish on which the
tnrds feed  both at the time of the incident and in the
moenthg leading up o it It the deaths were due 0
purely natural causes, there ought to be evidence of
something olse anuss in the Insh Sea durnng this
penotd '

18 Although the main strandings of the dead and
dying birds coincided with the stonmy weather in
the last weeks of September, over a hundred came
ashore hefare the onset of the storms. This suggests
that many bitds were already weak or dying belore
the galus began. The storms may have increased the
stiess on the birds and raised the mortality. besides
Lringing many more victims to the beach, but they
appoar to have been a secondary rather than 3 prime
or the sole cause of the deaths. A contributory factor
could have been the mouliing of the birds as already
inchcated (paragraph 16).

19 An examination of the abundance and distri-
hution of the fish species on which the birds normally
depend for food was undertaken, and a search made
for evidence of ‘blooms’ of phytoplankton or toxic
alyae which might be poisonous to guillemots. No
evidence of a food shortage or of an abnormal
abundance of toxic algae was found. But we know
100 httle of the detailed feeding behaviour of the
birds. or of the particular combinations of weather
and sea conditions which affect the bids’ feeding
suceess, for these negative results to he conclusive.

20 Tho condition of the birds—Bird wrecks in
the past have been attnibuted to disease and some
of the features of the 1969 incident suggested that
an emdemic of some kind right bhave occurred.
These lentures included the apparent sickness of the
buds observed before the main peak of deaths. the
lack of precise confoumity between the pattern of
deaths and the pattein of storms, and the way in
which the number of deaths built up and then died
away. Tissues from some 46 quillemots and one
rasothill, commaon qull, herng qull and kitttwake
that ched in the disaster, and from one apparently
healthy  auillemot that was shot, were therefore
submatted 10 mictebiological examimation. but tests

for pathoyenic viruses and bacteria proved negative
in all cases. Discase cannot however. be wholly
eliminaotad as a cause of the disaster bocauss of
the time that unavoidably efnpsed between the
deaths of many of the birds and ther arrival at the
laboratostes, but the tests provide no evidence for
this 8s a cause of death.

21 Post morlem examinations were carried out
on 129 seabirds (112 being guillemots) and one
mute swan ; and as healthy specimens were needed
for comparison. 18 guillemots were shot late in the
autumis. Al the laboratories agreed that the auks
that died in the incident were in a poor state of
nutrition. Their fore guts and mwuscular stomachs
were emptly. in contrast to those of the shot birds
which contained either fish or the tesidues of a
recent meal. Almost all the bodies felt very light
and thin, with prominent breastbones; in a sample
of sixty-one the average weight of the birds was
between half and two thirds that of apparently
healthy birds. The dead birds lacked subcutaneous
{at, end most had wasted breast and thigh muscles.
More unusual and perhaps more significant were
changes found in the livers and kidneys of the
birds that died in the incident. All the livers were
dark and full ot blood, and detailed microscopic
investigation of five of them showed unusual changes
in the tissues. The kidneys of most of the casualties
appeared swollen and unusually pale in colour, and
superficially resembled those of Bengalese finches
killed by PCB poisoning in an experiment at Monks
Wood.

22 The different laboratories did not entirely agree
in the interpretation they put upon their post mortem
findings, although much of the divergence of view
was probably due to the small number of samples
thal it was practicable 1o examine in many cases,
the partly-decomposed state of much of the material,
and the paucity of knowledge of the normal internal
condition of healthy birds. The Monks Wood and
Cambridge laboratories, which between them exam-
ined the great majority of the specimens. noted that
pathological changes were present in the majority
of the birds examined, but that there was no evidence
of specific disease or of oil poisoning. They also
conciuded that in no case could death be attributed
directly to starvation. However, a poor to very poor
state of nutrition was characteristic of all their
sample of birds, and they concluded that thoy had
not fed adequately for some time and had been
drawing heavily upon their body teserves.

23 The specialists at the Central Veterinary Labora-
tories, who were able to carry out histological
examinations of materizl from a limited number of
birds, reported that thera was a consistent pattern
in the unusual histological changes in the hver. It
was considered that the most likely cause of the
lesions in the liver was a poison of somo kind. This
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toxin could have been absotbed from the intestines
and carried by the blood to the liver and kidneys,
where it may have had a specific toxic elfect on the
veins and utssues around them. The hepatic lesion
was thought o be striking and unusual, and it may
be significant that similar symptoms have been
observed in chicks fed with PC8 in an expsriment.

24 The workers at the Complon laboratory, in
contrast, noted no macroscopic lesions in any of
their Lhirds, and reported that there ware no signs of
obvious disease. They concluded that the deaths
wote duo to starvation.

25 The programme of analysis—A large part of
the eftort of the laboratories who collaborated in
investigating the 1869 seabird wreck was devoted to
chenucal analyses. Samples of sea-water, and
manne life of all kinds as well as the tissues of the
saabirds themselves were analysed for toxic sub-
stancos. The reader who is interested in the results
of these analyses will find them in Appendices Il
to I1X at the end of this report, and only a short
account of the work is given below. A complete
account of the laboratory methods and resuits is
provided in the full report and suppiement already
referrad to in the Intraduction. Caution is needed in
interpreting the data as the number of specimens
it was possible to examine was small in relation to
the total seabird mortality and indeed smalier than
is slatistically desirable.

26 Motallic residues—Traces of many metallic
¢lgments are naturally present in animal tissues but
are loxic in excess. Analysas for four metals in sea-
waler and marine life are given in Appendix M. A
comparison with the igures shown there for samples
from other areas indicate that the lrish Sea and its
marine life do not appear to carry higher concentra-
tions of these metals than the other coastal regions
of Britain which have so far been examined.
Appendix HI shows the concenttations of various
metals found in the livers and kidneys of guillemots.
Some of the dead birds showed relatively high levels
of particular metals. and in some cases the highest
- concentrations ware above the level at which poison-
ing may have occurred. In general the range in the
casualties of the incident and in heaithy birds shot
for comparison ovetrlap.

27 These analyses were of course undertaken
helore the presence ot mercury residues in imported
tinned tuna fish attracted publicity in the autumn of
1970. The levels of mercury, lead, cadmium and
arsenic in the hvers and kidneys of some birds are
unquestionably high, although they may have besn
slevated by shrinkage of the organs alter death and
they should not be taken as precise indicators of
the siuation in the goneral seabwd population,
Nevertheless such observations of high tissue con-
centrations i predators should alert us to the

possibility of hazardous levaels of these potentially
toxic substances in British inshore waters. All these
metals are in fact naturat components of sea water in
minute amounts, and more research is needed to
indicate whether these background levels have been
raised to significant amounis by poliution.

28 Organic insecticides and PCBs—Some of
the first analyses of dead birds carried out al Monks
Wood Experimental Station confirmed the presence
of residues of the organochiorine pesticides DDE
(8 breakdown product of DDT) and diéidnin and
suggested also that unusually high concentrations of
polychlorinated biphenyls (PCBs) wera present in
the livers. An extensive programme of analyses for
the organochlorines and PCBs in sea-water, marineg
life and sea birds was therefore catried out. The
results are given in Appendices IV to IX.

29 Tho organochiorine pesticides may have con-
siderable effects on living tissues, but their 'back-
ground level’ in the environment is normally well
below that likely to harm wildlife. However, their
solubility in fat causes them 1o be accumulated n
the fatty tissues of animals. Aquatic plants and small
marine organisms contain only minute amounts of
these compounds, but their concentrations increase
as they pass up the food chain to predators such as
fish or birds Seabirds as long-lived animasls, coming
at the end of such a food chain, can acquire large
quantities of organochlorines even when these are
presant in the environment at very low concentra-
tions. When such birds come under stress, or sutfer
from shortage of food. they draw on their reserves of
body fat and so mobilise accumuiated residues.
which pass into the bloodstream and so reach. and
may affect, important organs. Birds containing
significant amounts of organochliarine pesticides,
even when not otherwise stressed are known to
suffer disturbances of their calcium carbonate
metabolism and behaviour, fay thin-sheliad egys,
and have & lower breeding success than normal.

30 PCBs are not pesticides. In this country they
have a wide variety of uses in industry. They are,
however, organic compounds containing chlorins,
have the same properties of persistence, fat solubility
and biological activity as DDT and dieldrin, and can
be concentrated in food chains. Their effects on
birds are less well known than those of organo-
chlorine paesticides, but preliminary expenments
indicate that they can have similar eifects although
they appear to be somewhat less loxic (o birds
than DDT.

31 The concentrations of PCBs and organo-
chlorine pesticide residues in sea wator, inverlebrate
marine life and fish from the general arca of the
bird- kill were not unusually high and were generally
within the range observed previously in this area
and elsewhere. The concentiations of DDT and
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thetdom wn bish were miostly lower than those of
RS The cesnlis, are set out e Appendices 1V
ang \f

32 1he quantiies and signdicance of organo-
ntowme pestiade residues in Batish wild bids
have been studied tor nearly ten years by a number
ot laboratones and espeaaily at the Nature Con-
setvancy's Monks Wood Experimental Station, so
that there s a yood basis for comparison. Particular
artention has heen pad 1o the concentiations found
i the hvers and eqas of buds of prey and freshwalter
fish eers such as the heion Simce 1966, most
apecimens have been fested {for PCBs as well as
tor arimocidonne pesticdes, Sixty birds that deed
m e peesent ncident weree gxamined {for PCB
tesuldue s by Monks Wood and thiee other laboda.
tares d ten appenently healthy gaillemots waere
shot for companative stady . Most of the dead buds
anafysed wese ginllemots, the senwinder compnising
tazintalls a mute swan, shag. black headed gull and
Kittewahe The results are given in Appendices VI
and VH the number of samples 15 too small o
provide o meanigful anatysis of reqional variation

e .\_l"‘
.

n PCR levelom the area of the weeck, bt the wade:
range of vanation in the results for all areas is note-
worthy. The fevels in the small samiple of razodslis
appear somewhat lower than in the guiliemots. but
there ate 100 few analyses. and too great a vanation,
for this to be regarded as significant.

33 [n Appendix VIt a comparison is made between
two small samples of five shot birds (guillemots)
and five which died in the wreck as regards the
concentrations of PCB and orgonochlornnes found
in the liver and the rest of the body. In Appendix {X,
which is computed from Appendix VHI. the total
body rontents of these residues are compared for
the shot buds and those that died in the wreck.
Although the sample 1s very small, it is clear that
the to1al body loads of PCB and pesticide residues
were broadly sinlar in healthy birds and those that
died in the wreck, and that the higher concentrations
found mn the hvers of the dead birds are likely to have

“resulted (rom a redistabution of residues between

the organs of the victims, rather than fron a generally
higher level of contamination '

-, M‘rwv'@ﬂ‘nﬁ" ;"1\ l‘ ‘l.‘,‘;‘_ :,7 .
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CONCLUSIONS

34 One of the most striking  {indings of the
analytical programme was the presence in the livers
of most of the dead guiliemots of unusually high
levels of PCBs. In contiast to the situation previously
tecorded in British tand and freshwater birds, these
levels were higher than those of residues of the
otganochionne insecticides DDT and dieldrin. A
study of the occunence of these substances in the
sea and in marine life confirmed that the birds
could readily have obtained them {from their normal
food, and accumulated them initially in their body
fat. There was no evidence that marine life in the
Insh Sca area contained more PCBs than similar
orgamisms elsewhere in British waters, or that there
had becn a sudden rise in PCB levels during the
summer of 19G9. Analysis showed that the fotaf
amount of PCBs, DDE and dieldrin in the bodies of
an adnuttedly small sample of apparently healthy
svabitds shot outside the arca of the incident were
as queat or grenter thao those in the victims of the
bud kifl. The latter were peculiar only in the high
concentration of residues in \heir livers,

35 These hindings are meaningful when it is
remiembered that PCBs and DDE are soluble in {at
and witlun an animal tend to accumulate in the body
fat reserves, where their tosicity is of little signi-
ficance. The sealutd victums of the disaster had no
body or liver fat: alt the PCBs and other organo-
chiorine residues they contained must therefore
have heen mobdised with the fat and passed 10 the
hver. kidney, hragy and other ussucs.

36 1t may be asked whether this mobilised PCB
could have caused the damage to the hiver and
hidaey tissues recorded in the post-moriem ¢xam-
matons, and whether thas damage was in dself
severe enough to have been the direct cause ol

T x*"’L‘m ’Y“‘""Qs-vmr'--' e

(k\ "}‘k‘:tu , . ."’.1""#‘5’1”'&.\"’& W"’ .}"ﬁ. ("

A
_.1‘5-‘ N

death. The similarity between some of the tissue
changes in the dead birds and those produced in
Bengalese finches, chickens and quails fed with
PCBs under experimental conditions certainly sun-
ports the hypaothesis that the observed tissue
concenirations could have had this effect.

37 The significance attached to the observed
lesions varied, however between the laboratories
that examined them. Consistent interpretation was
hampered by the lack of information about the
anatomy of healthy birds and of those that have died
ol starvation in the absence of poisoning of any
kind. More research is needed, especially on the
behaviour of PCBs when fat is mobilised under
conditions of stress, and on the fate ofi PCBs in
tissues after death.

38 itrca poisoning had been the primary cause of
death one would expect that the PCB levels in the
birds that died would have been greater than in the
birds that survived. in practice this would not appear
to have been the case, for the sample of 5 apparently
healthy birds shot after the incidem contained
sirilar amounts of PCB as five randomly-selected
birds that died in the incident. On that evidence
it seems that, whatever the effect PCBs may or may
not have had once they were mobilised, they could
scarcely have been the initial couse of the mortality.
Concentiation of PCB in the liver and kidney could
have occurred only after the fat reserves had been
mobilised ~that is, after the birds had been seriously

sflected by wmalnuirition. The difficulty with this

hypothesis is that there appears 1o have been no
shortage of food for the birds in the affected areas at
the tune of the incident. but again we are lacking
the ecritical information. The relationship between
birds and their food is a subtle one and very httle
is known about it,

39 we can summarise the story ol this incident
by saying that although the seabird wreck does not
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stem 10 have onainated at one point in space or
ume. there s evidence 10 suggest that most birds
chied o a broad belt of water along the east coast of
fiedand at o tume when the adults were tn moult and
theretore vulnerable to addiional stress. The wide
thstnbution of drad buds. even afler allowing for
the effect of wind and tidal movements, does not
support the hypothesis that birds died as a result of
contacl with a toxic suhstance at one, or a few,
notnt sources. Starms certamnly brought the main
wave of dead and dying hieds ashore. but some
sttandings preceded the bad weather, suggesting
1t was not the sole caese. Low body weight and
malnutntion were mote i evidence than  any
patbeular pathological condinon, and history shows
that sea-burd wiecks bave occurred from natural
tonses before poltution could have been a factor.
The relatvely bigh values of PCBs in the hvers of
some dead birds prohably arose because they had
mobitised ther body it reserves dunng a period of
malnutution o interrunted feeding This could have
added to the stress imposed by storms, moulting
and starvition, account {or the pathological signs
found in hiver and kidneys. and may have loaded the
oidds against recovery

40 Inclosing we should return to the point made in
the Introduction to this report. namely that even 1
pollutants in the seas around our coasts are not yet
sufficiently concentrated 1o harm wildlfe by them-
selves, they may on occasions tip the scale between
lite and death, and the effect of this precarious
situation could be to affect the balance of whole
populations. There is as yet no proof that this is
happening butl the possibility cannot be ignored.
It would clearly be impracticable to mobilise re-
sources on the scale they were on this ©ccasion
every time there was a hint of trouble (and many
reports turn out to be exaggeraled or false) as it
would lead to a massive waste of money and of the
time of skilled people. The solution is a continuous
monitoring of selected components of the environ-
ment (of which wildlife populations are one) likely
to be the most sensitive ‘indicators’ of pollution
hazards. This involves, particularly, a better under-
standing of the biological significance of poliutants
to which the natural fauna and flora are exposed.
NERC, together with the other Research Councils.
Departments of Government. universities ant the
voluntary conservation bodies are taking steps to
meet this problem. -
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APPENDIX I.

Participating Departments and Laboratories

LABORATORY DR SECTION

WORK UNDERTAKEN

DIPARTAENT ORGANISATION
Education Natural Environment
and Science Research Councit
(NERC)
NERC: Nature
Conscervancy

NERC: Nature
Conservancy

NERC : Nature
Conservancy
NERC : (aided
institution) Scottish
Marine Biological
Association (SMBA)

NERC (Research
Unit) at Univarsity
Callege of North
Wales

Agricultural
Rescarch Council
(ARC)

Medical Research
Council {MRC)

Headquarters
Headquarters

Monks Wood
Experimental Station

Merlewood Research
Station

Obhan
{Dunstaffnage)
Laboaratary

Oceanographic
Laboratory,
Cdinburgh

Unit of Ma.ine
Invertebrate Biology,
Bangor

Institute for
Research on Animal
Discases, Compton
National institute of
Medical Research,
Ml HiRt

General co-ordination, liaigon with
Departments.

o
Co-ordination of work of regional and
research staff: liaison with voluntary
ornithologicat bodies.
Co-ordination of collection and
distribution of seabird material for study:
post mortems and analyses for PCBs and
organochloring pesticide residues.
Collation, interpretation and snalysis of
results.
Analyses of organs [or metals etc.

Collection of dead birds, water and
plankton samples.

Records of plankton.

Counts and collection of birds : studies
of bird drift: observations on status of
marine invertebrates : collection of fish,
plankion and water samples.
Post-mortem studies of birds: pathology

Post-mortem studies of birds: virology.

Ministry of
Aqguculture Fisheries
and Food (MAFF)

Fisheries Laboratory,
Lowestoft

Radiobiotogy
taboratory,
Lowestoft

Fishenies Laboratory,
Burnham on Crouch
Veterinary
Laboratory,
Lasswade

Central Veterinary
Laboratory,
Weybridge

Pest Infestation
Control Laboratory
Tolworth

Oceanographical data: collation of
marine information.

Measurement of radioactivity levels in
bird tissue.

Analyses of water, plankton,
invertebrates and fish.

Post mortem examination of birds:
virology and bacteriology.

Post mortem examination of birds.
Analyses of bird tissue for

organophosphorus PCBs and
organochlorine pesticide residues.

OSW 026537
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APPENDIX 1 (continued)

DIPARTMINT

ORGANISATION

LABORATORY OR SFCTION

WORK UNDIRTAKIN

Depariment of
Agrculture and
Fishenes tor
Scotland (DAFS)

Marine Laboratory
Aberdeen

Freshwater Fisheries
Laboratory. Pitlochry

QOverall co-ordination of marine studies
Coliection of data on plankton, fish.

Analyses of water, invertebrates, fish
and 1 bird. "

Munstiy of
Agnculture,
Northern lreland

Vetetinary Research
Laboratory, Belfact

Post mortem exanunation of birds -
Analyses for metals, cyanide,
organophosphorus etc.

Mumstry of
Technology (now,
Department of

Trade ard Industry)

Laboratory of the
Government Chemist

Analyses of bird tissues for PCBs and
organochlorine pesticide compounds.

Ministry of Defence

Chemical Defence
Experimentat
Establishment
Microbinlogical
Research
Establishment,
Porton Down

Post martem examinations of birds.
chemical analyses and seroloqical and
baclenalogical investigations,

Ministry of
Development
Nosthern freland

Amenity Lands
Branch

Collection and counting of deéd birds.

Non Goveriimental

University of
Cambridge
University of
Ltiverpool

Royal Sociely for
the Prevention of

Department of
Animal Pathology
Marine Biological
Station. Port Erin,
Isle of Man

Cruelty to Animals
Scottish Socrety for
the Prevention of
Cruelty to Animals
Royat Society for
the Protection of
Bieds

British Trust for
Ornithology
Seabird Group

Beached Buds
Survey {Organised
by RSPB and
Seabird Group)
Wildfowl Trust

Post-mortem examination of birds:
bacteriology. virology

Collection of fish, plankton and water
samples : counts and obhservations of
birds

Collection and counting of dead birds.

Collection and counting of dead birds.

Coliection and counting of dead brds,
collection of data on birds found dead.

Interpretation of ringing retutns,

Collation and interpretation of records
of hird deaths.

First produced data about the incident,
and much of the information in Tabile 1
{see paragraphs 12, 13)

Post-mortiem of dead birds

DSW 026538
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APPENDIX 11

SAMPILI

Concentrations of motal in sea water and marine life
Mean and (range). n - number of samples

tay

Sea walter,
Cnnway Estuary
Seir water.
Other seas

Bodies of seven

species of crustacea

(I Sear)
Buodies of two

speoes of cusiacen

{Lnphish south and
easl coasts)
Bodies of twelve
spuectes of mollusc
{tushe Sea)

Bouies of four
species of molluse
{Enghsh sauth and
cast coasts)

Bodies of four
species of fish
(f11sh Sea)
Mackurel, (Irish
Sea)

Cod. (Nosth Sea)

Whiunqg, (Narth
S0a)
Mackotel (English

ELEMENT
UNITS

Eu_‘___ P In o :

Suva watet, Cardigan 2.0° 36" 12-0* 1-3¢ Microg(ams‘/

{09 -60) (2:3—4-9) (6-4—21-7) (0-6-3-0) Kilogram
or litre

30(n 1) 36(n 1) 88 (n: 1) 076 (n 1)

(1 20)1 (35—-81¢ (0-06—33)¢ (0020111

360 (n 7) 26(n 7) 72 (n- 7) 1:6(n 7)

(1:2--240) (0-38—13) (53—99) (0-48—4-6)

(55- 100) (5-15) {55~—-200)

(n 26)¢¢ (n 26)¢¢ {n= 26)9¢ - Parts per
million (ppm)
dry weight

30 (n 12) 12:7 (n . 12) 345 (n . 12) 123 (n-12)

(3-270) (0-76—42) (84—940) (1-2--73)

{10—4000) (10 -50) (10—10,000) —

(n 30)p¢¢ (0 30)6dd  (-30)bbd  —

(6:2—-10) (0—58) (62-110) (0—1-b)

(n- 8) {n:-4) (n -4) (n=4)

(7-5-10) 50 (25--60) —

(n 10) {(n- 10) (n- 10) Parts per

{5--85) 50 {(11—-18) - mitlion {ppm)

(n 20) (n 20) {n.:20) — dry weight

(5 -17-5) 50 (13—34) —_

(n 20) (n- 20 (n-~ 20)

(5---12-5) (2:5--12'56) (26 5—60) -

(n -20) (n 20) (n- 20) —

Channel)

* Mean figures of mcasurements made at twelve sites round Cardigan Bay.

' Riley & Skirow., Chemicat Oceanography (1965). Range quoted taken from a large number of
detenminations over a period.

¢  Riley & Skisrow (1965). Figures obtained in 1838 and now considered tc bo over-estimates.

¢$ The 26 samples in this case comprised 16 lobsters and 10 samples of shrimps.

¢ dThe samples in cach case included 5 or 6 indwiduals.

Note that 1n the third section, the sample numbers represent the number of fish analysed.

DSW 026539
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APPENDIX Il

Elenwnl Concentrnhons in Sea Bird Tissues
(brnckoted figures are numbers of samples analysed)

SAMILY HLEEAENT CONCENTRATIONS 1N MICROGRAMS/GRAM DRY {M) DR WET (B} WEIGHT
IAUOHMUHH (47 As Hy St In Cu Cd - Ni
[)e ad quillemots
{Merewood)
hver '™ 68 40 01--38 -01-23 ~0-2-41011--600 - 1—-100 02—13 042--084
' (22) (21) (21) (21) (21) (22) (21) (4)
hidney ™M 24- 40 -01-89 01-72 02-82 76--1000 26-76 10--12 -
{(11) {(14) (14) (13) (12) {14) (12)
Shot gudiemots
(Murlewood)
liver tM) 0:2-26 07--20 011—-2 02--7 48—-98 19-25 01-13 034075
(N 7N (7) (N N 7 (7 {4)
hidney ™ 17 01 - 01 16 72 1 0-2 —
(n (1) i) M (1) (1 (1)
D(.‘Jd guullcmols
(Belfast)
liver ' 0 50 0-90 — - - — — -
(6) (10) )
kidney (9 0-50 02—-14 — — — — — -
(6) (4)
Shot guilicmots
(Belfast)
v '8 0 07—14 — — — —_ — —
(2) {(2)
Kidney (® 0 20 02-03 - — — - - —
(2) (2)
Wcl weuqht dnln e ‘may be converled to dry welght (M) by mulhplqu by 4 6
T Estlmated ;:oncentratlons of organochloruneA}Ae_s}ades in
sea water and invertebrate marina life
- T locanty NUMBER OF CONCENTRATIONS -
SAMPL] JAND SAMPLES MICROGRAMS/{ITRf OR KILOGRAM
DATE ANALYSED : PCB ) DIELORIN & TOTAL ODY
Sen water fush Sea 23.30 Oct 69 53 . 001 0-001--0 005
Firth of Clyde 1 Dec 69
Zooplanklon S E Isle of Man Oct 69 7 “10—30 10
Clyde Oct 69 .
South Minch Oct 69
Mussels Clyde Oct 66 2 (10 specimens)  200— 800 100—300
(whoie. less shell} Scottish coast Oct 66 7 (70 specimens) -100-300 60—100
English £ coast Feb 68 14 (10 specimens) 10---200 20-—140
fngsh Sea Oct 69 17 {8-16 specimens) 50—100 ~10
Shimps ~ Thomes Estuary Spring 63 12 (25 specimens) 10200 20140
wan-y“l;l‘»-sl.( :r insh Sea Oct 69
Clyde QOct 69 3 (11 specimens) | -10--100 10—-100

W Coast Scotland Oct 69

DSW 026540
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APPENDIX \

nnnqu of com‘nntrmlons of orgnnochlorme real(luos in hnh hs%uos
(bruckemd hgures are numbers of samples and total numberse of individuals snmpled)

CONCENTRATIONS N MIEHOGRAMS/KII.ODRAM WET W[IGHT '

PNy

15

SAMP(L LOCAUITY AND PERIOU PCB DIELDAIN & TQTAL 0DY
kunu Muscle quh Sea -Clyde befare Oct 69 10— 1500 (4:32) - 10-- 900 (4:32) ,
Other areas before Qct 69 100--- 5000 (B:64 80-- 300 (B8:64) '
Laver Insh Sea - Ciyde before Oct 69 - 100--- 2,600 (3°22) 10-- B0O (4:32) l
Other anreas before Oct 69 10-- 100 (1:1) 100-- 300 (5:41) .
n Hueenng Muxclc lush é("n— dk_n]:c;‘and alter ;
Oct 69 <10— 2,600 (3:30) " 150-- 300 (2:20) t
Other areas—duting and after 3
:3 Oct 69 20— 200 (10:114) 10— 300 (10:114) {
P Liver lrish Sea— during and alter ’
Oct 69 10— 2,000 (3:30) 20— 300 (2:20) t
h Other areas --during and after ¢
3 Oct 69 10— 1,900 (7:70) 10— 400 (7.70) ¢
Whole Fish  Irish Sea - dunng and after f
Oct 69 10-- 2000 (3:154) 10— 1,000 (3:154) E
3 C Wiiting | Muscle  Insh Sea before Oct 68 10-- 600 (7:45) 10- 140 (745) P
' Other aeas- before Oct 69 10 (11:55) 10 (11:55) b
Laiver tush Sea - before Oct 69 100---27,000 (7:45) 130-- 5,000 (5:25) }
43 ' Other arcas-- before Oct 69 100-- 5.000 {11:55) 300 3.000 (11:55) ,
| 'V—\/Hrln.nb—-—-—f\ﬁu'srlp " hish Sea- ;illllng and after ' v :
\ Oct 69 10— 400 (3:18) 10 (1:5) !
, Liver Insh Sea - during and after X
! Oct 69 1,000-- 7,000 (2:15) 1,000— 2,000 (1:5) |
] Cod Muscle  lnsh Sea -before Oct 69 300-- 1.800 (1:5) 400 520 (15) i
Live: Insh Sea - before Oct 69 4,500 -50.000 (1:5) 2,300-12.400 (1:5) ;
Olho: lglx—madulo S lush Sca duur\g and aﬂcr . i
Oct 69 -b— 400 (6:44) 10 100 (6:44) :
Liver tnsh Sca -dwing and after g
3 Oct 69 150— 6,000 (5:41) 30— 2,000 (3:18) ) [
Whole hish  Irish Sea- -during and after
Oct 69 100-- 1,000 (3:83) 40— 1,000 (3:53)
3 ‘tnlege—s ;r-v_l-;rs—r‘l:i‘b;;\./vhclmq mackerel Ionq rouqh d1b and grey mulle( E
§
)
3 ?
i
i
} DSW 026541 |
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APPENDIX Vi

Concentranons of orqnnochlonno resudues tp guillemot livers
n number of birds examined, mean, number of samples and (rnnge) given

. H)FAH'Y llM( (If cmucnou AND

lSHMAI[D ORGANOCHLORINE CONCENTRATIONS IN MICROGRAMS/KILOGRAM WET W[IGHT

NUMBER DT BIRDS [ XAMINED PCB DDE DIELOAIN

Argyll 28/ 9-21/10 n 3  2.000 — _ T
(3 samples)

C |yd(' 1/10--23/10 n 19 129,000 9,900 —
(8.000--880,000) (1.700—17.000)
(19 samples) (11 samples)

North- East 14,10 ?9/10 n 5 14000 6.400 250

beland (8.000--20.000) (2.300—11,000) (200—300)
(5 samples) (5 samples) (4 samples)

Eastern 2310 3/11 n 7 161,000 22,000 250

lush Sea (80,000--230.000) {20.000 25.000) (lrace - 500)
(7 samples) {2 samples) (2 samples)

North- west 7/10--22/11 n 13 87.000 10.000 500

Wales (6.000—300,000) (4.500--19,000) (300—-800)
(13 samples) (7 samples) (4 samples)

South Wales 25/10 n 2 325000 — —
(260,000—330.000)
(2 samples)

Overall  28/9 —22/11 o 49  111.000 10,200 400

average (2.000—880.000) (1.700—25,000) (trace—-B00)

{49 samples)

(25 samples)

(10 sample()

APPENDIX Vi

Estlmnted levzls of organochlorme pesticide residues and PCBsg in livers of seabirds.

SPECIS LOCALITY DATE ESTIMATED LEVELS OF GRGANOCHLORINES (IN PPM)
FOUND PCB Dot HFOD (DIELDRAINY
Razorbill Cumberdand  12.11.69 20 12 <1
Razorbili Cumberland 121169 44 9 <1
Razoibill Cumberland 1311.69 16 5 <1
Razorbill Cumberiand 141169 40 10 <1
Razorbill Cumberland 14.1169 10 6 <1
fiasorbill Anglesey 25.10.69 <2 — —
Ruarorbdl Pembroke 41169 12 4 <1
Mnle Swan Anglesey 251069 . <2 — —
KmTwake Co. Down 2810.69 10 0-4 01
(-ST.'-l_r-,_l:-_i\—e:'ulcd M‘C_h-éshire 1.11.69 6 05 11
Gull
Shag Co. Down 281069 0 o1 o1
{’V.h-um a dash a\p;—r;;als, substance concerned was not looked for.
Multiply figures by 1.000 to qive nicroqrams per kilogram DSW 026542
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APPENDIX Vil

Concentra(inn of orgnnochlorme residues in tissues and whaolo birds (guillemots).

CONCENTHATION IN PPM {WLT WEIGHT) .\

{EACH EIGURE 1S THE ARITHMETIC MEAN OF FIVE RESULTS— '

SAMPLE RANGE IN BRACKETS) b

PC8 0DE v DIELDRIN '

Shol bircs Liver 04 {2—0) 024 (0-4—-0-1) 0-16 (0-4—trace), :

Rest of body 34 (7—1) 1-46 (3-1-0-6) 054 (1-0—02) \'

Birds found dead Lwves 56 (200—-10) 10-80 (25--4-5) 054 (008—-03) .
Rest nf lmdv 3 ? (10—-1) 0-92 {(2--0 4) 0-10 (0-4—trace)

L

APPEND!X IX

Eshmmed totnl body content of PCBs and organochlorine pesticide
residues in guillemots found dead and in epparently healthy birds.
Computed from data in Appendix VII

ESTIMATED TOTAL BOOY CONTENT (MICROGRAMS)
MUANS AND (RANGES)

R R

PL8 [1}1]3 CIELORIN
(nnll( mols lound duad 2.700 673 62
(800 8900) {314—1535) (6—232)
(umllemols chr)l 3 500 1.484 545
o (800~ _7_290) ) ‘(463—-}_3,_21 1 )__ {(155—-930)
DSW 026543
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