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Abstract

This review focuses on cadmium, lead, mercury, and
selenium because they have been found in tissues of marine
birds at concentrations that cause adverse effects in other
species. Exposure of birds to trace elements can be measured by
analyzing their food, water, air, or bodily tissues. The preferred
tissue for analysis varies according (o the trace elements of
interest. The liver is useful for measuring most elements
ancluding cadmium, fead, mercury, and selenium) when recent
exposure of the bird is being assessed. Cadmium, mercury, and
selemum should be measured in both the liver and the kidneys,
because the ratio of concentrations hetween these two tissues
helps assess environmental exposure. Cumulative lead exposure
may be assessed by analyzing bones. Elemental concentrations
in teathers may be good indicators of exposure to certain
clements, if they are considered carefully. Concentrations in
bird eggs reflect exposure of the female to mercury and
selenium, but eggs are not considered useful in assessing
exposure of birds to cadmium or lead,

Bird tissues and eggs from several areas in the North
Pacitic have been analyzed for trace clements. However., effects
of environmental contaminants on marine birds of the temperate
North Pacific have not been studied comprehensively, Based on
studies in the North Pacific and in the field and laboratory
clsewhere, acute effects of trace elements probubly are not
hikely to occur in marine birds (ingestion of paint chips by
albatross fledglings on Midway Atoll is an exception), but
chronic toxicity of trace elements does occur, The greatest
needs for information include (1) histopathological and other
indicators of tissue damage resulting from environmental
contaminants, (2) reproductive success, notably egg hatchability
and cause-specific nest failure, (3) possible interactions among
trace clements, such as mercury-selenium and cadmium-zinc,

that may affect their absorption and toxicity, and (4) geographic

patterns of trace elements in birds of the North Pacific and
lemporal trends in concentrations of these chemicals in bird
tissues. Interrelationships between mercury and selenium in
marine birds are of interest because concentration ratios are
highly variable and not consistent with f indings in marine

“mammals. f
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Résumé

L ¢tude insiste sur le cadmium, le plomb, le mercure o
le s€lénium, des substances relevées dans les tissus des oiscaux
marins, en des concentrations qui causent des dommages cher
d’autres especes. On mesure I’exposition des oiseaux aux
€léments traces par I'analyse de leur nourriture, de leurs
excretions urinaires, de I’air dans leur organisme ou de leurs
Lissus corporels. Les tissus privilégiés aux fins de Panalyse
dépendent des éléments A mesurer. Le foic convient pour
mesurer la plupart des éléments (le cadmium, le plomb, le
mercure ct le s¢lénium), lorsque le scientifigue veut évaluer

I'exposition récente de I'oiseau. Pour le cadmium, le mercure et

le sélénium, il faut en mesurer la présence dans le foie el dans
les reins, puisque le rapport de concentration entre les deux
tissus facilite I’évaluation de I'exposition ambiante. L analyse
des os permet d'évaluer I’exposition cumulative au plomb.
Soumises d un examen minutieux, les concentrations dans Ie
plumage peuvent étre de bons indicateurs de I’exposition i
certains éléments. Les concentrations dans les oeufs sont des
indicateurs de I'exposition de la femeile au mercure et au
sélénium, ce qui n’est pas le cas pour le plomb et le cadmium.
On a examiré les tissus et les oeufs d'oiscaux marins
dans plusieurs régions du Pacifique Nord, pour en mesurer les
concentrations d’éiéments traces, suns pour autant étudicr
exhaustivement les effets des contaminants de 1'environnement
sur les oiseaux marins des zones tempérées du Pacifique Nord.
Selon les résultats des études réalisées dans le Pacifigue Nord.
dans d’autres régions et cn laboratoire, les éléments traces ne |
semblent pas causer d'effets aigus chez les oiseaux marins (sauf
dans les cas d’ingestion d'éclats de peinture par les pelits
d’albatros dans |'atoli Midway). On reléve, cependant, des cas

-~ de toxicité chronique. Il importe de recueillir davantage

d'information 1) sur les indicateurs histopathologiques et lcs
autres indicateurs des dommages tissulaires dus aux con-
taminants du milieu; 2) sur la réussite de la reproduction
(notamment, 1'éclosion des oeufs) et I’échec de la nidification
attribuable & des causes précises; 3) sur les interactions
possibles entre les éléments traces (mercure-sélénium et
cadmium-zinc, par exemple), qui peuvent influer sur
I’absorption et la toxicité: et 4) sur la distribution géographique
des éléments truces relevés dans les oiseaux du Pacifique Nord
et les tendunces temporelles des concentrations tissulaires. Les
rapports entre le mercure et le sélénium, qui contaminent les
oiseaux marins, présentent un intérét particulier, parce que les
coefficients de concentration sont trés variables et différents des
résultats obtenus chez les mammiferes marins.
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1, Introduction

Ohlendorf et al, (1978) summarized the published
information concerning exposure and biological eftects of
contaminants in marine birds up to 1975. The present paper
‘ocuscs primarily on more recent publications, particularly
those concerning the temperate North Pacific. However,
nformation is included for marine birds in other regions and
{from cxperimentul studies with various avian species insofar as
they help put the North Pacific information into context or
interpret its possible significance,

This review focuses on cadmium, lead, mercury. and
selenium because these clements are found in tissues of marine
birds at concentrations that cause adverse cffects in other
species, Because interactions among various trace clements
(c.g., mercury-selenium., cadmium-zinc, and others) can atfect
heir absorption and toxicity. concentrations of other clements
1 bird tissues should also be measured to make an accurate
loxicological assessment (Scheuhammer 19R7).

The exposure and effects of contaminants in Canadian
«cabirds also have been summarized recently (Noble and Elltott
1986: Elliott et al. 1989; Noble 1990). and two other papers in
this symposium summarize recent information concerning
organochiorines (Elliott and Noble) and oil (Burger and Fry) as
contaminants, In addition, several general reviews may be of
interest, including the Contaminant Hazard Review series by
Eisler (1985-1989) and papers by Scheuhammer ( LLYS)
Ohlendorf and Fleming (1988), Tanabe (1988). and Ohlendort
(1989).

2. Exposure and effects of trace elementy

Several elements (arsenic, chromium. cobalt, copper,
fluorine. iodline. iron, manganese, molybdenum, nickel.
selenium, silicon, tin, vanadium, and zinc) are exsentil in small
amounts for animal nutrition becausc they are an integral part of
at least one enzyme (Underwood 1977: Clarkson 1979: Robbins
1983). Animals have a varicty of homeostatic mechanistms with
regard to these essential trace clements. so they are less likely to

- produce toxic effects than are the non-essential clements.

Nevertheless, those control mechanisms can he overwhelimed or
citcumvented and some essential elements, stich as selesturn,
can produce toxic effects o wild birds (Ohlendort et al, RALN
1989: Ohlendorf 1989).

Non-essential trace ¢lements also can oecur in animii
tissues, and the variable concentrations of selected truce
clements have been used to determing ¢XpOsUTT of the aninals
to these environmental contaminants (Underwood 1977:
Scheuhammer 1987). Among the non-essential clements are
aluminum, cadmium, lead. mereury. sitver. and others. Skewed
(log-normal) distribution patierns often have been reported for
the concentrations of these elements 1N OTRANY, whereas the
essential elements usually have u normat distribution.

2.1, Exposure of marine birds to trace clements

2.1.1.  Selection of sample tissues
Exposure of birds to trace elements Cib be measured by

analyzing their food, water, air, or «elected bodily tissues. Other

reviews (e.g., Eisler 1985-1989) report cunlafllinanl
concentrations in various environmental media (C.B.. walcr,

plants, and animals); the focus here 18 on lrace clement
concentrations in tissues and cggs of birds.

In some studies (e.g.. Osborn et al. 1979 Hamanaka
1984: Ohlgndnrf et al. 1985: Honda et al. 1986) truce clement
concentrations are reported for several tissucs to show
distribution within the body, but concentrations usually are
reported only for one or two tissues. The preferred tissue tor
analysis varies according to the trace elements of interest
Thus tissues should be selected on the basis of trace element
distribution within the body and other factors, such as
comparability with other studies and objectives of the study.

Anatysis of the liver is appropriate for assessing recent
exposure of birds to most elements tinciuding cadmium. lead.
mercury. and seleniumy. For monitoring poputitions with low
exposure to cadmiun when cadmum-induced remal fovienty
is unlikely. the kidneys rather than the liver are betier {or
measuring cadmium. Under those crrcumstiances cadmuanm
concentrations in the hiver may be low enough to present |
analytical difficulties (Scheuhamimer JOX 7). Cadmium. mercur
(Scheuhammer 1987, and selenium (Ohlendort 1989 |
Ohlendorf et af. 1990y should be nicasured 1 both the hiver and
the Kidneys, because the ratio of concentrations butween thest
two tissues helps assess environmental exposure. Ditterenees
liver:kidney ratios for these elements indicate ditferences |
hetween acute and chronie eaposure, chemical torms of the
olements in the diet, and relative exposure i gomparson o
normal bavkground levels |

Lead exposure also may e me asired by amaly2ing
kidneys or bones (Scheuhatner 1OK7 1. Among the soft tssuies
kidneys usually contam highest lead concentrations and e
considered @ good indicator of recent uxposite, whereas lead
concentrations in bones are considered the best indey ol
lifelong ¢ xposure. fn addition, S-ammolevulimc o

 debvadratase (ALAD activity in whole biood van be assaved

ciasihy 1o tost for possible lead induced inhnbimon of this enzyvime
s o nessure of recent exposurel and blood can be analysed
Ao Tor tead to assess the bird s exposure 1o whis metal
(Schewhammer FO87) | | ~

Elemental concentrations in feathers may b good
drdicatons OF Y R ¢ XPOSHRC 10 Ceriam elements,if they are
con~dered carelully, TUIs IIIPOTLINT 10 FOCORTI AL P clements
in feathers may have been cxeretest by the bird at the e the
reathers were growng cwhich may have.been momths cither
and thousands of miles away from the collection sier or they
may have adhered to the teathers through external contam |
ination (Croede and de Brun tusd, 1URS, 1UR6, Furness et al,
1984 Braune and Gaskmn 10R74. 1987h: Scheubammes BLEN
Concentrations also may have beets reduced. through feachmg.
Ditterent kinds of feathers from the same bird ma CORLIN
Aitferent concentrations of trace clements, depending partly on
whett the feathers were grown during the moult vyche, Seasonal
changes in trace clement concentrations may oceur i the ives
and other avian tissues breiuse of feather moudt and mher
faciors tOsbor 1+ ) and should be considered when squdies
are teing planned. | | |

Mercury and selenium concentrations i bird eggs
reflect exposure of the female to those clements (Oh endort ¢
al. 1978, Scheuhaimmer o8 7: Ohlendort 1989y, However, cgps
are not considered useful for assessing exposure ol birds 10
cadmium or lead (Pattee [9%4: Scheuhammer [987: Leonzio
and Massi 1989). Because. very Letle cadimium s ransterred to
CRYs regardless of dictary levels the birds t:unﬁmﬂcd.‘rt‘pum I!l
high cadmium conceatrations in eggs should b u.:nnrndurpd |
cautiously. Although some lead in transferred 1o cggs (primarity
to the cggshelis), concentrations are typically low und variabie,
and they do nol correlate well with dictary exposure. !
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Table 1 o
Concentrations (Mg/g dry weight) of cadmium, lcad, mercury, and sclenium in

. - Iﬁ

' ‘ll
bird tissues considered to represent normal buckgiuund and tugm:_lev_ela

- mﬂ—_‘—"ﬂ“

Toxic

_ ____Background ]
Element Liver Kidney Bone Egg
-admi'um <3 <2-8 ! <0.5
Lead <().5-5 <i-10 P <0.5
Mercury <{-10 <{-10 ? <}
Selensm 3-10 5-12 ? -3

* Most of these values are for birds in general: normal and toxic (associated with impaired health or reproduction) values for marine birds may be somewhat differen;

Liver Kidney Bone Egg References"
T S 100-200 ? 7 1,23 =
5 »15 >0 T 2,4
>6 >6-12(7) ? >1.5-45 2,34
5 1030 >10-30 7 > 3.6,7.8.9 10

but insutficient data were available to adequately compire marine birds with other avian species. Question markr indicate that values could hot be determined,
D1 = Eisler 19850, 2 = Scheuhammer 1987, 3 = Ohlendorf and Harrison 1986, 4 = Eisler 1988b, 5 = Eisler 1987, 6 = Eisler 1985b, 7 = Ohlendorf 1989, 8 = Ohlendort

and Skorupa 1989, 9 = Skorupa et al. 1990, 10 = Skorupa and Ohlendorf 1991,

Trace clement concentrations in bird feces may be a
good indicator of exposure to certain elements, particularly to

inorganic forms that are not readily absorbed by the birds

(Scheuhammeer 1987, Leonzio and Massi 1989). Leonzio and

Massi (1989} suggested that anadysis of feces would be a useful

method of determining avian exposure to metals, particularly
tor colonial species from which feces could be collected fairly
castly. However, biotogically incorporated elements, such as
methylmercury and organic selenium, in the diet scem to be
particularty important biologically because they are readily
absorbed and often more toxic than inorganic forms (see Scheu-
hammer 1987: Ohlendort 1989). Thus analysis of feces may not
adequately reflect the hazard of those clements because they
could he present at low concentrations in feces despite their
occurrence at elevated tevels in food items or tissues of the birds.
212 Concentrations in tissues |

Trace element concentrations in tissues are reported on a
dry-weight basis (unless stated otherwise) to avoid errors
associated with varying amounts of moisture (Adrian and
stevens 1979). Concentrations that were originally reported on

- wet-weight basis were sometimes converted to a dry-weight

basis by assuming a moisture content of 70% for liver and 75%

- {or kidney, which are typical values for samples analyzed

through our rescarch centre. Concentrations in cggs are

typically reported on a fresh-weight basis, which is the

wet-weight concentration corrected for moisture loss that
accurred during incubation (Sticket et al. 1973), However.,
when trace elements are being reported ini a wide variety of
mcedia having very different moisture contents, it may be
appropriate to report all concentrations. including those in eggs
(which average about 70% moisture), on a dry-weight basis.
Regardless of whether concentrations are reported on a
dry-wueight or wet-weight basis, moisture content of samples
should be included to facilitate conversion.

Table 1 presents a summary of cadmium, lead, mercury,
and selenium concentrations in selected tissues that are
constdered to represent normal background concentrations and
those that have been associated with impaired health or
reproduction of birds. These concentrations are presented as
reference points for the following discussion about trace
element concentrations in North Pacific seabirds.

Bird tissues and eggs from several areas in the North
Pacific have been analyzed for trace eclements. In 1983, some of
the Laysan Albatross Diomedea immutabilis fledglings at
Midway Atoll, Hawaii, died of lead poisoning (Sileo and Fefer
1987). Lead concentrations in the livers of affected birds were
6-110 pg/g, compared to 1.2-6.0 jg/g in normat albatross
fledglings. Weathered paint chips from buildings on the islands
were the apparent source of lead. Aside from unusual situations
such as that on Midway, the greatest risks of significant

'
- L] g Sy v L 1alk
- - - - - - - [ L] ¥ Le Fl [ .

exposure of birds 10 hazardous levels of lead are to migratory
waterfowl that frequent hunted areas and ingest spent lead shor:
avian predators that eat game shot by hunters; and birds that
forage extensively near heavily travelled roads, mining
facilities, smelters, refineries, or metal-finishing industries

(Eisler 1988b).

- Low concentrations of cadmium, lead, and mercury
(means <1 Ug/g) were reported in feathers of Laysan Ducks
Anas laysanensis, which are nearly flightless and endemic to
Laysan Island, Hawaii (Stoneburner and Harrison 1981a). In
contrast, exceptionally high concentrations of cadmium
(75 pg/g wet weight, or about. 250 pg/g dry weight) and
sclenium (66 pg/g; about 220 ug/g dry weight) were reported in
the eggs of Sooty Terns Sterna fuscata from Lisianski Island.
Hawaii (Stoneburner and Harrison 1981b), However, those
values for cadmium and selenium are guestionable becausc
(1) very little cadmium is transferred from the female to her
cggs (Schevhammer 1987), (2) cadmiuin was below | Mg/g and
sclenium averaged <5 ug/g in eggs of Sooty Terns, Wedge-
tailed Shearwaters Puffinus pacificus, and Red-footed Boobics
Sula sula from four colonies throughout the Hawaiian Islands
(Ohlendorf and Harrison 1986), and (3) concentrations of
cadmium and selenium in eggs should not exceed those in livers
of the adult birds (Scheuhammer 1987; Ohlendorf 1989;
Ohlendorf and Skorupa 1989). Mercury concentrations in the
tern eggs from Lisianski (0.15 pg/g wet weight, about 0.5 pig/g
dry weight) seem reasonable, but those reported for tern eggs

~from the Dry Tortugas, Florida (7.9 ug/g, about 26 pg/g dry

weight), were several times higher than those in livers of the
adult birds incubating them (Stoneburner and Harrison 1981b).
Because mercury concentrations are normally higher in the liver
than in eggs produced by the bird, the mercury value for eggs
from the Dry Tortugas also seems questionable.

Concentrations of four essential elements (copper, iron.
manganese, and zinc) and two toxic non-essential metals

(cadmium and mercury) were measured in liver, kidney, and

muscle tissue of 19 pelagic seabird specics (N = 150) collected
during 1982-1987 in the North Pacific and neighbouring waters
(Honda et al. 1990). Essential metal concentrations were
generally highest in the liver and less variable than the toxic
metal concentrations among and within cach species. Iron
concentrations in the muscle were higher in alcids than in the
other families, Zinc concentrations varied among species and
were correlated with cadmium concentrations. Cadmium and
mercury concentrations were highest in the liver or kidney

and varied widely among species and by diets, Mercury
concentrations were extraordinarily high in Black-footed
Albatrosses Diomedea nigripes, exceeding 300 pg/g wet weight
in two of 12 individuals, and seemed to be due to constraints on
the elimination of mercury, Some geographical differences in
cadmium and mercury concentrations in the seabirds were
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observed, but were considered natural rather than due 1o
environmental pollution.

Hamanaka {1984) described cadmium and zing
concentrations measured in livers, kidneys, and muscles from a
similar series of scabirds ( 14 species. N = 149) from the North
Pucific and Bering Sea during 1973-1979, Comparative
distributions of both elements in various tissues of Thick-billed
Murres Uria lomvia and Tufted Puffins Fratercula cirrhata
also were described. Mean cadmium concentrations in kidneys
axceeded 40 pg/g in seven species. including the Sooty
Shearwatcr P. griseus, Pink-footed Shearwater P. creatopiis.
Laysan Albatross, Northern Eulmar Fulmarus glacialis, Tufted
pulfin, Thick-bitied Murre, and Least Auklet Aethia pusifla.
individual birds of three species (Thick-billed Murre. Tufted
Puffin. Pink-footed Shearwatcr) had kidney cadmium
concentrations exceeding 120 pg/g, and in two species (Sooty
Shearwater, Laysan Albatross) individuat values exceeded
200 pg/g. Hamanaka ( 1984) attributed the higher cadmium
coticentrations in these species 10 & higher percentage of squids
. their diets and considered the age of the birds to be i possible
contributing factor, Because the birds were collected far fram
industrialized arcas, the source of cadmium in the squids Gand
other prey) is unknown. Cheng et al. (1984) suggested that
oceanic insects (Halobates sericens) may he an important
cource of cadmium in some marine birds of the North Pacitic,

Mean concentrations of cadmium. copper, mercusy.
selenium, silver, and zinc in tssues of Surt Scoters Melamiia
perspicilluta and Cireater Scaups Avthya marila trom San
Francisco Bay were greater than those observed in these speeies
trom other areas (Ohlendort and Fleming 1988: White et al.
1989), Mercury and sclentum concentrations in these diving
ducks were equal to or greater than those associated with
impaired health or reproduction of dabbling ducks (Anas spis.
studied elsewhere, However, the diving ducks are winteriy
cesidents on San Francisco Bay. and reproductive elfects have
not been assessed in these birds,

Surf Scoters and Greater Scaups from the vicinity of
Vancouver, British Columbia, werce analy zed by Vermeer and
Peakall (1979). Concentrations of lead. mercury, siiver, and
7ine were higher in ducks from the vicinity of a sewer vuthall
than in ducks from another site about 22 ki away from the
outfall, Mean concentrations of copper. lead. mereury. silver,
and zine differed between species., apparently reflecting
variation in prey and feeding habitat.

Mercury concentrations (Jg/g, wel weight) were
measured in a series of eggs and livers of seabtrds from the
western coast of Canada in 1968-1972 (Noble and Elhott
1986). Mean mereury 1 egys ranged from 0.4. g/p in Prgeon
Guillemots Cepphus columba 1o 0.08 /g in Cassin's Auklets
Prychoramphus alenticus. Mereury i livers panged troma
mean of 2.21 pg/g in three Marbled Murrelets Brachvramphis
marmaoratus to 0.10 pg/g in a single Glaucous-winged Gult
Laruy glaucescens.

A few birds from Pugel Sound. including Pigeon
Guillemots, Glaucous-winged Gulls. and Great Blue Herony
Ardea herodias. were analyzed tor several trace elements (Riley
et al. 1983), Seven elements (cadmium, cobalt. iron, lead,
mercury. selenium, and zinc) occurred at different mean
concentrations in livers and kidneys of gulls from different
regions of the sound. Mercury cohcentrations in the livers of
two herons from Commencement Bay (12 and 16 pg/g) were
higher than in three others from elsewhere in the sound, |
Sclenium levels in the liver (77 ug/g) and ki(lllﬂy!-ii(ﬁ(]l LIE./F) ol
u guiliemot from Elliot Bay and another from the Strait ol Juan

de Fuci (5 and 60 pg/) were high by comparison with those
in the gu' s and herons, but comparable data are not avaulable
for guille notx from other regions. Otherwise, concentrations of
cadmium. lead, mercury. and sclenmum in these birds from
Puget Sound were not remarkable, o

Mercury (0.26 and 0.27 pp/p wet weighty and selennim
(.28 and 0.31 pg/ concentration:. in Double-crested |
Cormorant Phalacrocoray auritus eggs from iwo colomesn
the Strait of Juan de Fuca. Washington, were below levels thi
have been assovidted with reproductive problems tHenny o1 al.
1989, Although these cormorants expenenced poor
reproductive suceess, the cise seemied unreliated 1o the
measured organochtorines and trace clements,

Livers of Dunlims Calidris alpina, Black -bethed
Plovers Pliviclts squataroka. and Long-billed Dowitchirs
Limnodromus scolopaeens trom Washiniton State-and |

California in 1984-85 wore sualyzed for mereury and welenin

(Custer and Myers 1900, Mercury concentrabons were hrghest
i Duntins from Bodega Bay (1Y /) and Salinus River
(Lo ng/ey. California, Median mereury concentralion wis
higher in Dundins (8.2 pe/e) i o dow itchers (27 prgdy or
plovers (T.0 /e e Selemum concenhtrations were highestn |
plovers from Swmieh Rapv £ 300 e ankd Kenaedy Creek
(27 ugier. Washimgton, but mcdian conventrations were sintlat
amony, spevies (Dunlin P g, dowitcher Fpe/e, and plove
G 4 pese. Further studies are warranivd at sies whues meseun
and selenum oceurred ar hghest concentralions becine sob
tethia! oftects on bird health or reproduction could oot there.
Cadimom, Tead, and mereury coneenitidions Wt

measured in esues disees, hdney Cmusele, bone; and foatherss

of TH apecies ofaguatid Al terrestrnsd rds from Korea i ee ot
A TuR9y Relatively hrghomean voncenttatieiy of Ladimuom

were found in e Crs i._‘.] “F‘JS«* 'A L‘I_HiL‘i
wet woightt of Biack tled Courllo J aarus o raxaerenstrs the
reprosentating weabtrd ie this stody Hheghest cadnnum
concentrations 137 gag wet ciehtr m hdness of gulis from
Muasan Bay oearan mdusirratized region were n the Lafipe
where hidney Testons have been vound i othet scabrds
(Necholwon aad Oxborn 19830 However, {cad and mercary
conpeenirations were ot particubarly highan el fissues

Trace element coneenttations huve been teported 1
cenbinds frent many areas othad than thie North Pacihe, amnd.
rany ot those pubications wite meluded 1 other revent
reyieses see baser UK S . | OXG Suheuhammet JURT, Ohlendont
1ROy, Addimonal mtormatien is avatable on trace clements @b

seabirds from Peru Cochtold PO castern ard Archic Camula

(Nuoble and F ot TORG, Braune fuxT: Noble 1990 Blhot o
al.. 1n DICSS L northern I WP (Rarrett o ol 10%S: Frask: Ay {1
Rlomgyist ot al, 08T Notheim 198 T southorn L urope

U conzie et al, TUSGL FuXah: Renzont of al 1986y the Soth
Athantie t NMarhead and Furnioss 19X8Y, arnd Antarc e
{Nurheim ¢l alb. 1982 Honda ot al 1O0X6: Norheitn 1U8 7
Coneentrations of setie race clements . particularly

cadmium |
than 1 birds iroin the North Pacriie,

R ¢ ffects of trace elements 1N Maning hircts
Few studies have been conducted of hiologicat effect-

induced by trace clements ity tards of the North Paoitic, hut
sormewhat more intormation 18 aviulabie from other arcas.
Assessments of effects must consider possible interachions
among trace clenwnts (and also with nlhli."l‘ factors) that may
Jlter toxicity of the various slements { Whanget 1983
Scheuhummer 1987 Ohiendort 1989), B

chiy atid Kudnes AR NVRIRL

wete higher i scabirds from seime of thise Fegions



- 2.2.1. Toxicology, phvsiology, and pathology

Lead poisoning caused epizootic mortality of Laysan

Albatross fledglings at Midway Atoll, Hawaii, in 1982 and

1983 (Sileo and Fefer 1987). Sick albatrosses were unable to
retract their wings, causing a “droop-wing” appearance. They
had elevated concentrations of lead in their blood, livers, and
kidneys and acid-fast intranuclear inclusion bodies in their

~ kidneys. Degenerative lesions were present in the myelin of
- some brachial nerves. (See Eisler 1988b for a description of

other signs of lead potsoning in birds,.) Weathered paint
samples collected from buildings on Midway contained up to

247 500 ug lead/g and 1012 pg mercury/g. Mercury toxicosis

and plastic impaction were other possible causes of death in
these birds.

My search revealed no other reports of toxic effects
induced by trace elements among seabirds in the North Pacific,
However, cadmium (Lec et al. 1989), mercury (Ohlendorf
and Fleming 1988, Custer and Myers 1990), and selenium
(Ohlendorf and Fleming 1988: White et al, 1989) in the tissues
of these birds have been measured at concentrations at least as
high as those associated with effects on health or reproduction
In other species of aquatic birds.

Cadmium (100-200 pg/g) and mercury (5-13 pg/g)
concentrations in tissues have been associated with kidney
lestons n pelagic seabirds (Nichoison and Osborn 1983:
Nicholscn et al. 1983). The metal concentrations at which
damage began, and at which biochemical changes could be
detected. were below those considered as relatively safe for
hamans by the World Health Organization. However, these
tesions may have resulted from natural exposure of the birds to
cadmiwm in their diet. |

Sublethal exposure to cadmium may also adversely

- aftect the testes or cause anemia. retarded growth, bone-

martow hyperplasia, and cardiac hypertrophy (Eisler 1985b:
Schenhammer 1987). It is unclear whether these effects result
trom direct cadmium toxicity or cadmium-induced disturbances
of normal metabolism of essential trace elements such as iron
and zing, | " |

in addition to kidney lesions such as those in certain
seabirds (sce Nicholson and Osborn 1983; Nicholson et al.
198 3), mercury causes neurological damage and reduced food
ntake leading to weight loss, progressive weakness in wings
and tegs, and an inability to coordinate muscle movements
(Ohlendort et al. 1978: Eisler 1987; Scheuhammer 1987). Toxic
cifects in the terrestrial environment have most often resulted
from the agricultural use of organomercurial fungicides as seed
treatments and in aquatic environments from uses of MErcury in

- the pulp and paper industry and in chlor-alkali plants. Organo-

- mereury compounds such as methylmercury are more toxic than
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tnorganic forms, but the inorganic forms may be converted to

~organomercury through biological and other processes.

Stienium caused mortality of adult and Juvenile aquatic
birds at a contaminated site in California, but toxic effects have
not been observed in marine birds (Ohlendorf et al. 1086, 1988,
1991: Ohlendorf and Fleming 1988; Ohlendorf 1989).

Selenium-poisoned adult birds were emaciated. had subacute to

cxtensive chronic hepatic lesions, and had excess fluid and
fibrin in the peritoneal cavity. Biochemical changes in their
livers included clevated glycogen and non-protein-bound
sulfhydryl concentrations and glutathione peroxidase activity
but lowered protein, total sulfhydryl, and protein-bound
sulfhydryl concentrations. Mean concentrations of selenium in
livers, Kidneys, and food of affected birds were about 10 times
or more those at a nearby reference site.

H M e sl — [ T T

Mercury and selenium concentrations in the livers of
various free-living carivorous mammals often are highly
correlated in a molar ratio that approximates 1: (Scheuhammer
1987). However, such a correlation between mercury and
selenium in livers of birds is not well established, and the
reationship seems highly variable. In diving ducks (scoters and
scaup) from San Francisco Bay during 1982, hepatic mercury

and selenium were correlated with an overa) mercury:selenium
molar ratio of 1:6 (Ohlendorf et al. 1986), but not in i

subsequent study during 1985 (Chlendorf et al. 1991), In the
latter study. the ratios were typically between 1:7 and 1:15 for
scoters from most locations and collection times, but at one site
the mean ratio was 1:485,

Elsewhere mercury and selenium concentrations were
positively correlated in some bird livers (Furness and Hutton
1979; Hutton 1981; Renzoni et al, 1986), but not others
(Leonzio et al. 1986b), or they were negatively correlated
(Goede 1985). In one study (Leonzio et al. 19864), hepatic
mercury and selenium were not correlated in Eared Grebes
Puadiceps nigricollis soon after the birds arrived at a mercury-
polluted site in autumnn, but they were positively correlated in
spring when the birds’ livers contained highet concentrations of
mercury. Selenium concentrations in the grebes collected
during three Aprils averaged about IS pug/g and were about
one-third the mercury concentrations in the liver (42-58 pg/q),
In contrast, livers of Surf Scoters from San Francisco Bay in
1985 averaged about 60 g selenium/g and 10 Lg mercury/e
(Ohlendorf and Fleming 1988). Such differences in relative
concentrations are apparently ameng the important factors
affecting selenium--mercury relationships in bird tissues.

Another important factor influencing mercury and
selenium relationships in migratory birds may be the relative
rates of accumulation for these elements. Selenium and mercury
accumulate rapidly in the livers of ducks feeding on high
selenium (Heinz et al. 1990) or high mercury (Stickel et al.
1977) diets. In Mallards Anas platyriynchos fed 10 Mg
selenium/g (as selenomethionine), a plateau level in livers
was reached in eight days (Heinz et al,, in press). This rapid
accumulation to a plateau—and the timing of bird collections—
probably determines whether seasonal differences in selenium
concentration are observed (Leonzio et al. 1986a; Ohlendorf
and Fleming 1988; White et al. 1989). In contrast, the rate of
mercury accumulation in bird livers seems to be somewhat
slower, perhaps accounting for seasonal differences in mercury
and changes in relative molar concentrations of selenium and
mercury (Leonzio et al. 1986a; Ohlendorf and Fleming 1988:
Ohlendorf et al. 1991),

In the eggs of three species of Hawaiian seabirds, mean
molar ratios of mercury:selenium varied between 1:6 and 1:24
and seemed to reflect the exposure of those birds to mercury
and selenium (Ohlendorf and Harrison 1986).

2.2.2, Reproduction

Excessive amounts of cadmium, tead, mercury, or
selenium in the diet can reduce reproductive success of birds
(Eisler 1985a, 1985b, 1987, 1988b; Scheuhammer 1987;
Ohlendorf 1989), but effects have not been reported for marine
birds from the North Pacific, The embryo is often the most
sensitive life stage, and hatchability of eggs may be affected by

" contaminants at concentrations much lower than those that

cause observable effects in adult birds. Post-hatching survival
of chicks also may be reduced by contaminant burdens they
received from the egg, as well as by dietary exposure when they
feed in a contaminated environment.
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The sample egg technique (Blus 1982) is a good
approach for investigating the cffects of many environmental
-optaminants on avian reproduction, This technique determines
whether contaminant concentrations in one sample egg from a
olutch are related to the fate of other eggs from the same cluich,
Custer et al. (1990) reviewed some of the sample studies, most
of which focused on organochlorine contaminants, but some
included trace elements, One of the hasic assumptions of the
sample egg approuch is that occurrence and concentrations of
contaminants are similar among cggs within a clutch (Bius
1982), Available data generally support this assumption, bul
more information is needed for trace clements. The techniyue
does not work well for those clements (such as cadmium and
lead) that do not transfer readily to the cgg.

The Mayficld method (Mayficld 1961, 1975) is
frequently used to provide statistically testable estimates of nest
success and is less biased than traditional methogds (see
discussion by Ohlendorf ¢t al. 1989). However. the Muayfield
method and cause-specific estimates of nest failure usually
issess success and failure ata level of nests rather than eggs:
thus a nest may be considered successful even if most of the
clutch fails to hatch, Aquatic birds affected by environmental
contaminants may expericnce partial cluteh failure: although
<ome chicks may hatch from eggs having high concentrations
of a particular contaminant. overall success of thase nests may
be reduced. Therefore, combined measurements Of cause-
specific nest failure and egg hatchability provide the bust means
for assessing contaminant-related impairment of reproduction In
avian populations, The Mayfield method can be used to muke
such assessments on an cgg basis 10 determine differences in
reproductive success among populations.

Cadmium can reduce egg production by birds when
dictary concentrations are high (48-200 ug/g in various
studies). but the reproductive eftects of low-level cadmium
exposure have not been well studied in birds (Scheuhammer
1087). High dictary cadmium ingestion imay inhibit calcium
absorption in the intestine and cause loss of caleium from the
bonies. Low-level cadmitim ¢xposure ity Calse detaved
testicular development in young birds. |

Methylmercury reduces reproduetive SUCCess il lower
doses than those required to produce ather pathological efects
(Ohlendorf et al. 1978 Eisler 1987: Schewhammer 1987),
Reproductive effects in experimental studies with Mallards and
Ring-necked Pheasants Phasianus colchicus include decreased
egg size, fertihity. and hatchability (from embryo mortality ). as
well as increased carly mortality of hatchlings. Pheasans
receiving 2--3 pg mercury/g in thetr diet laid more shell-less
cggs than controls, but negligible egpshell thinming was
reported in response {0 organic mercury in other birds, As litle
as | ig methylmercury applied externally to fertile Mallard
eggs produced teratogenic eftects in developing mnhryn“ﬁ |
(Hoffman and Moore 1979). Epg-laying and territorial tidelity
of Common Loons Gavid immer Wik negatively refated to
level of environmental mereury contamination (Barr 19%6),
Effects were observed when prey contained 0.3-0.4 ug
mercury/g (wet weight). In other bitds. reproductive elfects
may occur when mercury concentrations in eggs are aboul
2 ug/g wet weight (Eisler 1987).

Levels of leud below 100 ug/g in the diet usually cause
few significant reproductive offects in birds, but effects are
species specific (Scheuhammer 1987), For exflmplcl. 1 g
lead/g in the diet of Japunese Quail Cotrnix japomicd cauned
significant reduction in plasma calcium level and cgg
production, but over 200 ug lead/g was required 1o cause

similar ¢ffects in chickens, In general, young altricial ki
seern to be more susceptible than udult birds or young precocial -
birds (Eisler 19%8b). - |

 Avian embryos are very sensitive 1o the toxic effects of
setenium (Ohlendort 1989, Hatchability of fertile eggs 1
considered the most sensitive measure of selenium toxicity and
is reduced in chicken. quail. and duck eggs when dictary o
concentrations are 6-9 P/g. Fertility is nog affected. but
selenium causes high rates of cmbryo mortality and de velop
mental abnormalities {i.c.. teratogeniaity ) in birde. The
abnormalities typically include multiple defects of the eyes,
legs. beak. and cranium, which may be matformed or missing,
In uquatic birds, reproductive effects of selemum have hoen
observed in ficld studies at several sites contanmnited wath
selenium from agricultural wastewater (Ohlendor! 19RO
Ohtendort et al. 1989, Ohlendost and Skorupa TO89: Skarupa
and Ohlendorf 19915, In Maltards, diets contuming 8 Ly
sefentum/g s selenomethioning and those continning 16 gy
caused maltormations 1 H.8% and 7.9 of unhatched cpps,
respectively, compared with 0.6 for comtrols (Heinz etal.
1989). Reduced survivil and growih cccurred iz duchlings
whone parents had recen cd X or 16 g selenuny/p, oven though
all ducklings were fed a control diet, Henz ¢t al, (FORY
concluded that the dictary threshold of selemumas Gy
methionine. nevessary to iparr reproduction is between 4wt

S up/e

.
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RBehavior | . -
Behavioural eticcts of cadmaum, mereuary, and selenim
at erevitonmentatly reahstic dretary concentrations have boet

studicd m ducks, but § have taund ne repent of such < udwesn
martg hirdy, o |

Pairs of adult Amercan Black Pucks Sy pigheipos
were fed i diet contamng 0,3 or e Cadmaam’g dHeing A
b 10N 3y One-week-old duckhimgs that hud been teid the e
dictary concentrations of cadnun s ther parents a e tosted
for avordanee of a fnght stmulos, Digchhings fod S |
cadnmumnsg ran stenifcantiy Faetiet Pram the stimdus thai dhd
coptiols or duckhngs fed 0 pgde Nuch aan alveranoen
behaviour could have harmtul eftects on wild birds Koasons to
the By PUTTOMPORNACTCSS of ducklings fedd e/ bul NOTItAl
boehayiour by those recers g S0 LE LR upkiowt

Three wenefations of Vatlards were fed erther g vomtiol
Jiet ot a diet contiraimg (U5 i ereun fe i the torm 0o -
metin imercury (Hew 10705 The levels of mercurs i adutt
tissues and eges rematoed aboul the same ovet three
generaiions. Eemales fod a dwt L'ummnmg,'.l.ﬁ g rneTeuTy i
Latd 2 greater percedage of their eggs ouiside ther nestboes
than controls and also Tad fewereges amd pPrasduced tewer
ducklings, Ducklimgs from parents fed methvhmercury were hoss
responsive than controls o tape-recorded matternal citlls. bul
WG h}'[‘K‘ITL‘Hpunﬁiu‘ o a trdhtemng stimulus i avendaney |
testy: there were no signthican differences in locainotor activ iy
in an open-fiekd (e, - |

Pairs of adult Mallards were ted a control diet o1 a dict
containing 1. 2.4, or S g selemunyg in the form of weleno:
methionine (Heinz and Gold 1987, Duckbings from these pinrs
were fed an untreated dict from hatching through six days of
age. at which tme their avordance of @ frip.lln "il'I‘I'IIUlH‘- Wil
rested. Selenium hid no offect on the ducklings: response 1o th

fright stimulus. |



‘3. - Conclusions and recommendations

Effects of environmental contaminants on marine birds
of the temperate North Pacific have not been studied
comprehensively, However, based on studies in the North
Pacific and in the field and laboratory elsewhere, I reached the
foltowing conclusions and recommendations:

(@)  Trace elements are not likely to produce mortality
through their acute effects in marine birds under current
conditions, An cxception is the ingestion of paint chips
by albatross fledglings on Midway Atoll.

(bi Chronic toxicity of trace elements does occur through

direct effects in the birds and indirect effects on their

habitat. These effects warrant further study, particularly:

. Histopathological and other indicators of lissue
damage resulting from environmental
contaminants.

- Reproductive success, nolably egg hatchability
and cause-specitic nest failures,

3. Fossible interactions among trace elements, such
as mereury and selenium or cadmium and zinc,
that may affect their absorption and toxicity. The
iterrelationships between mercury and selenium
in marine birds are ol interest because
concentration ratios are highly variable and not-
consistent with findings in marine mammals,

S

(c)  Further sampling s needed to determine geographic
patterns of trace element occurrence in birds of the
North Pactlic and to monttor temporal trends 1n
concestrations of these chemicals in bird tissues,
Sampling should tnclude pelagic species and species
fceding near shore and in estuaries.
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