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Abstract

North Pacific marine birds arc continuously exposed to
hiorinated hydrocarbon pollutants transported by atmospheric
and oceanic processes from distant SOUrces, Birds breeding
and/or wintering in coastal arcas that receive effluent from
manufacturing plants or concentrated runoft from agricultura)
areus are further exposed to chemicats from local sources.
Because of their lipophilicity. chiorinated hydrocarbons and
their metabolites tend to bioaccumulate in animal tssues,
including those of marine birds. Species ditferences in
contamination ure determined primarily by variation i dicet.
movements outside the breeding arca. and physiology. Inthe
1960s and 1970s breeding populations of Brown Pelicans
Pelecanus occidentalis, Double-crested Cormorants
Phalacrocorax auritus, Common Egrets Casmerodius albus.
and Comimon Murres Uria aalge at 8 number of sites on the
southern California coast were severely impacted by DDT
contamination via its effects on eggshell thickness. Hazardous
levele of DDE and PCBs were still prosend Juring the 19RO T
cggs of a number of species breeding in Sun Diego and San
Francisco bays, In the Strait of Georgia, British Columbia, high
levels of polychlorinated dioxins were correlated with sublethal
elfects in Great Blue Herons Arded herodias. In Puget Sound.
Washington, a number of sublethal biomarkers associated with
chlorinated hydrocarbon contarminants were reported in
breeding Glaucous-winged Gulls Larus glaucescens. Some
species, particularly Leach’s Storm-Petrels Qceanodronta
leucorhoa and Double-crested Cormorants, hiave proven to e
effective indicators for monitoring temporal and geographival
irends in environmental levels of persistent contaminints. First
reports of previously undetected chiorinated hydrocarbons such
as tris-(chlorophenylmethanol and a new polybrominated
aromatic contaminant in seabirds atest to the onguing
usefulness of such monitoring.

Résumé

Les oiscaux marins du Pacifique Nord sont
continuellement exposés a la contamination par les
hydrocarbures chlorés, transportés par les courants marins ¢t
atmosphérigues i partir de sources dloignées. Les OMCAUX qui
hichent ou qui hivernent dans les régions cOtieres, somnt
également exposés aux sources locales de contaminants

chimiques, lorsque ces régions recoivent les effluents des usines

de fabrication ou le ruissellement abondant des entreprises
agricoles. La lipophilie fuit que les hydrocarbures chlorés et
leurs métabolites ont tendance & 4’ accumuler dans les tissus
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1. Introduction
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uhlurin;ut‘d Iudrwm'l*lunw has ween -.Im't-mwn!m'l ﬂmy e 16
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levels of inshore food cﬁains at a number of sites (Blus 1982;
Dyck and Kraul 1984; Nisbet and Reynolds 1984; Olsson and
Reutergardh 1986; Elliott et al. 1988a; Pearce et al, 1989);

 however. levels of most measured contaminants did not

decrease significantly from the late 1960s to the late 1980s in

- offshore seabird species from both the North Atlantic and North

Pacific (Elliott et al., in press). | |
In recent ycars, advances in analytical technology have
revealed widespread environniental contamiination of marine

“and aquatic food chains by polychlorinated dibenzodioxins

(PCDDs) and polychlorinated dibenzofurans (PCDFs) resulting
from industrial processes such as the chlorine bleaching of

~wood pulp and the use of chlorophenolic biocides (Kuehl et al.

1987). In the Pacific Northwest of North America, where many
forest industry operations are located, elevated PCDD and
PLDFE levels ineggs and tissues of coastal populations of
tish-casing birds have been related to forest industry sources in
British Columbia (Eltiott et al. 1989a; Whitehead et al. 1990).
Tanabe (1988) has suggested that the highly toxic non-ortho
PCB congeners may pose an even greater threat than dioxins to
the heaith of marine organisms. There is a need, therefore, to
continue 1o study the levels and effects of chlorinated
hydrocarbons in marine organisms.

There have been a number of reviews of the exposure
and eftects of environmental polfutants on marine birds (Bourne
1976: Ohlendorf et al. 1978; Noble and Elliott 1986). In this
paper we cover available data on chlorinated hydrocarbon
contaminants in marine birds from the temperate North Pacific.
Marine birds included in this review are primarily those
populations that both breed and winter in the marine
cnvironment, although we excluded marine shorebirds,
Chemical concentrations are on a wet-weight basis unless stated
otherwisc. .

2. Exposure of marine birds to chlorinated hydrocarbons

2.1. Influence of atmospheric and oceanic transport

Levels of contamination vary geographically on the
basis of local inputs, such as agricultural runoff and industrial
cffluents. and the degree of exposure to chemicals transported
by atmospheric, fluvial, and oceanic processes from more
distant sources, The data on seabirds indicate that some coastal
areas. such as San Diego Bay, California, are still highly
contaminated with residues of persistent organochlorine
pesticides even 10-20 years after severe restrictions on the
production and use of most of those chemicals.

| Prevailing winds in the North Pacific are mainly from
the west, northwest, or southwest: thus. atmospherically borne
contaminants in offshore areas of the eastern Pacific are
expected to have a mainly Asian origin, Asian sources were
suggested by Elliott et al. (1989b) and Ohlendorf and Harrison
(1986) 10 explain elevated HCH contamination in some
samplcs. DDT compounds in air and water samples from the
North Pacific were higher than those in the North Atlantic
(Bidleman et al. 1981; Norstrom and Muir 1988) or the Guif of
Mexico (Chang et al. 1985).

Organochlorines associated with organic particulate
matter are aiso carried by ocean cumrents. The Kuroshio Current
flows eastward from Japan to the Canadian coast, where it splits
to become the north-flowing Alaskan Current and the
south-flowing California Current. The California Current
Extension and the North Equatorial Current flow westwards just

south of the Hawatian [stands to the Philippines. These currents

may have influenced the south-to-north declining gradient in
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-

contaminant icvels in Hawaii (Ohlendorf and Harrison 1986),
The Davidson Current, which flows seasonally northwards.

along the coast of California, may be responsible for transpor

of contaminants to western Vancouver Island (Elliott et al
1989b), u

2.2, Influence of diet, seasonal movements, and physiology
Sympatric species differ markedly in contamination
clearly demonstrating the importance of diet, movements
outside the breeding area, and physiology. Organochlorings
biomagnify in food chains, and thus species that feed on fis)
rather than zooplankton are expected to accumulate higher
residues (see Henny et al. 1982; Ohlendorf et al. 1982; Nobje
and Etliott 1986). However, the elevated levels in storm-petrels
(e.g.. Henny et al. 1982) show that foraging behaviour also
plays a role. Storm-petrels obtain their diet of mainly smal!
invertebrates from the oily surface microlayer of the ocean
where organochlorines, particularly the more volatile
compoinds such as toxaphene and HCH, are deposited (Schy
and Corcoran 1969),

Finally, as suggested by Ohlendorf and Harrison (1986)
and demonstrated by Henny et al. (1990), exposure to
contaminants on the wintering areas of marine birds can be
significant, and result in elevated residues in cggs. Further

discussion of the influence of diet and seasonal movements of

Pacific marine birds on patterns of contaminant accumnulation
are found in Ohlendorf et al. (1985), Ohlendorf and Harrison
(1986), and Elliott et al. (1489b).

2.3, Organochlorine pesticides

Organochlorine pesticides are synthetic compounds
used widely 10 control apricultural and forest pests and the
transmission of vector-borne diseases. The most abundant
pesticide derivative is DDE, the major metabolite of DDT
(dichlorodiphenyltrichloroethane). Other compounds detected
include DDD, DDT, dieldrin, heptachlor epoxide, mirex,

photomirex, toxaphene, oxychlordane, cis- and trans-chlordane.
cis- and trans-nonachlor, endrin, HCH (hexachlorocyclo-
hexane), and HCB (hexachlorobenzene) isomers. Selected data
mainly from previously unreviewed reports of organochlorines
in Pucific seabird eggs are presented in Table |.

DDT, a broad-spectrum insecticide, was first used in
North America in the 1940s in public health campaigns to
control lice (Carson 1962). From the 1940s until the carly
1970s, large quantities of DDT were sprayed on forests agains!
Insect pests in British Columbia (Nigam 1975) and in the
northwest United States (Henny 1977). Restrictions on the use
of most organochlorine pesticides (i.e., DDT, dieldrin, endrin.
heptachlor, HCH, and toxaphene) in Canada and the United

States were first implemented in the carly 1970s, with further
controls imposed throughout the 1970s and 1980s (Noble and

Eliiott 1986). Heptachlor continued to be used in Oregon until
1974 (Henny et al. 1983) and significant amounts of chlordane,
lindane, dicofol, and toxaphene were used until the early 1980s
in California (Ohlendorf and Miller 1984). A few minor
applications of chlordane, lindane, dieldrin, and heptachior
(€.8., seed treatment, termite control) are still permitted in
Canada and the Unitcd States. In Mexico, restrictions on the usc
of DDT, BHC, dieldrin, and heptachlor were imposed in 1980
(Burton and Philogene 1986).

There is less information on organochlorine use in
Asian countries bordering the North Pacific. Since the 1950s,
DDT and BHC have been used extensively on rice, cotton, and
vegetable crops, but in the 1970s, many countries replaced them
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Table  (continued) | | | e ———

! Species letter codes

BRPE  Brown Pelican DCCO  Doubie-crested Cormorant
ELTE  Etegant Tern COMU  Common Murre

GBHE  Great Blue Heron COEG  Common Egret

SNEG  Snowy Egret FOTE Forster's Tern

LESP  Leach’s Storm Petred PIGU Pigeon Guillemot

WEGL  Weslern Gull GWGU  Glaucous-winged Gull
FTSP Fork-tailed Storm-Petrel ANMU Ancient Murrelet

MEGU Mew Gull | BLKI Black-lepged Kittiwake
ALTE  Aleutian Tem HAPE  Hawaiian Petrel

REBO  Red-tooted Booby SOTLE Sooty Tern

by = yoear(s<h of collection, |

CATE  Cuspian Tem

ASSP Ashy Storm-Petre

BCNH  Bluck-crowned Night-Heron
PECO  Pelagic Commorant

TUPU  Tufted Puffin -

RHAU  Rhinoceros Auklet.

NOFU  Northern Fulmar

TBMU  Thick-bilted Murre

WTSH  Wedge-tailed Shearwater

"DUEL = dicldnin, HIE = heptachlor epoxide, TOX = oxaphene, OXY = oxychiordane, HCH = sum of «-HCH and b-HCH isomers, HCB = hexachlorobenzene.
“Baved on a 121 ratio of Aroclors 1254 and 1260 unless preceded by an asterix indicating Aroclor 1260 only.

* References
| = Riscbrough el al, 1971
Y =CGressetal 1973
3= Ohlendort et al, 198RS
4 = Cressetlal, {971
§ = Coulter and Riscbrough 1973

6 = Faber ¢t al, 1972

7 = Ohlendorf 1 al. 198K

& = Holfman et al. 1986

Y= llenny et al. 1982
10 =Henny et al. 1989

with organophosphates. As in North America. agricultural uses
ol organochlorine pesticides are subject to regulation in most
western Pacific countries, but the degree of complignce varies,
The People’s Republic of China manufactures organochlorine
pesticides; however, the production and use of two, DDT and
BHC. were banned there in 1983 (Wolfe et al. 1984). In Japan,
production and use of DDT and BHC were prohibited in 1971,
but the use of chlordane for termite control was continued until
the late 1980s (Tanabe et al. 1989). Korea also prohibited the
use of DDT in the carly 1970s (Phillips and Tanabe 1989),
However, in Hong Kong (where many pesticides are
lormudated) there appears to be continued input of DDT into

coastal waters despite restrictions imposed in 1988,

24, Polychlorinated biphenyls (PCBs)

It has been estimated that more than 1 billion (10°%) kg of
PCBS were produced worldwide. Currently the amount of PCBs
in use and stored in landfills, waste dumps. and so on is more
than double the amount that has already been lost 1o the
covironment (Tanabe 1988), Theretore, if more stringent
measures are not taken to destroy stored PCBs or remove them

‘permanently from circulation, significant inputs to the

environment will continue for many years.

Stnee the presenice of PCBs in Pacific scabirds was first
documented by Risebrough et al. (1968), a number of studies
have reported levels of PCBs and other chlorinated hydro-
carbons in Pacific marine birds, In recent years, Ohlendorf and
Harrison (1986) reported the presence of PCBs in cggs of

Red-footed Booby Sulu sula and Wedge-tailed Shearwater

Puffinus pacificus but not in those ef Sooty Tern Sterna fuscata
(linut of detection 0.02 mg/kg. wet weight) collected in 1980
from the Hawaiian Islands. Elevated PCB levels have been
found in wildlife breeding in San Francisco Bay, including
Black-crowned Night-Herons Nycticorax nycticorax (Hoffman
ct al. 1986; Ohlendort and Marois 1990), Caspian Terns Sterna
caspta (Ohlendort et al. 19884), and Surf Scoters Melanitia
perspiciliata (Ohlendorf et al. 1990). Elliott et al. (1989b)
reported PCB levels of 1,11 mg/kg in Ancient Murrelets
Synthithoramphus antiguus collected in 1986 from the Queen
Charlotte Islands, British Columbia. Henny et al, (1990)
reported a significant increase in total PCB concentrations in
Western Grebes Aechmophorus occidentalis wintering in Puget
Sound. Washington (1.94 mg/kg in October to 6.37 mg/kg in
February), | |

11 = Elliott et o). 1989b

]2 = Ohlendort et al. 1982

|3 = King and Lincer 1973

14 = Ohlendor! and Harrison 1986

2.5.  Polychlorinated dibenzodioxins (PCDDs) and

polychlorinated dibenzofurans (PCDFy)

- Neither PCDDs nor PCDFs were deliberately produced
commercially. Rather they are produced either as by-products
during the synthesis of other chemicals, such as chlorophenolic
biocides, or during combustion of chlorine-containing wastes.

Incineration of municipal and industrial wastes is the
major global source of dioxins (Hites 1990), PCDDs produced

- by combustion can be transported long distances and subsc-
~quently deposited in soils and lake sediments. Czuczwa et al.

(1984) showed that combustion was the main source of PCDDs
and PCDFs in Great Lakes sediments. Although combusiion
produces a fairly uniform mixture of PCDD and PCDF isomers.
physical and chemical atmospheric processes favour the
deposition and accumulation of less toxic higher chlorinated
compounds, which therefore tend to dominate in sediments

(Hites 1990), Elevated contamination by more toxic isomers

such as 2378-TCDD was until recently always associated

with use, production, or wasie storage of chlorophenoxy acid
herbicides, particularly 245-T (see Baughman and Meselson
1973; Fanelli et al. 1980; Powell 1984). Recent studies have
shown that effluents from kraft pulp mills using the chlorine
bleaching process are contaminated by 2378-TCDD and 237%-
TCDF (Kuehl et al. 1987), which has resulted in contamination
of fish and wildlife in receiving waters (Rogers et al, 1989;
Elliott et al. 1989a). The use of tetrachlorophenol-contaminated
woodchips by kraft mills results in the formation of hexa-
chlorinated dioxins during wood digestion and their presence in
effluents (Luthe et al. 1990) and in fish and wildlife in receiving
waters (Elliott et al. 1989a), PCDD and PCDF contamination
from kraft pulp mills and forest industry chlorophenol use has
particular implications for North Pacific marine organisms
because of the large number of wood-processing sites along the

coast from California to Alaska. This is especially true for the
Strait of Georgia (Waldichuk 1988).

There are limited published data on PCDD/PCDF levels
in marine birds of the North Pacific. Ivory gull Pagophila
eburnea eggs collected from Seymour Istand in the western
Canadian Arctic contained § ng/kg 2378-TCDD in 1976 and
8 ng/kg in 1987 (Elliott et al., in press). Leach's Storm-Petrel
Oceanodroma leucorhoa eggs collected in 1987 from the Storm
Islands, located off the nortlieast coast of Vancouver Island,
British Columbia, showed no detectable PCDD or PCDF levels
(limit of detection from 2 to 10 ng/kg). Jarman et al. (1989)
reported low. levels of PCDDs and PCDFs (all measured
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comers <10 ng/kg, wet weight) in breast muscle of Western
Gulls Larus occidentalis from the Channel Islands off the
California coast. By way of comparison, in the North Sca of
Holland, Van den Berg ct al. (1987) reported clevated PCDD
and PCDF levels in livers of Great Cormorants Phalucrocorax
cqrbo and other estuarine birds, The mean level of 23478-
prCDF, a compound associated with PCBs. was 1096 ng/kg in.
1 cormorant liver sample. Recently. Cederberg et al. (1991)
reported 27 ng/kg 2378-TCDD. 45 ng/kg 12378- PnCDD.

50 ng/Kg 123678-HxCDD. and 136 ng/kg PnC'DF (on a wet-
weight basis, calculated from lipid weight results, assuming
1% lipid in Common Murre Urid aaige cgps {Noble and
Elliott 1986)) in Common Murre cggs from the Baltic Sea.
Chlorinated hydrocarbon levels were much lower in murre ¢ggs
irom the North Atlantic outside the Baltic Sea.

In the Strait of Georgia. elevated levels of 2378-TCDD
and 2378-TCDF have been reported in marine populations of
Great Blue Herons Ardea herodias. The highest mean 2378
TCDD level, 210 ng/kg (range in 10 epps. O67-ddd ng/kg), wis
tound in 1987, ineggs from a colony known ta be foraging on
tidal mudflats impacted by cttluent from a large kraft pulp mill
(Elliott et al. 1988b, 1989a). Elevated levels of penta- and
hexa-substituted PCDDs were also found in heron eggs and
were attributed to chlorophenol contamination, particularly ol
woodchips used by puip mills. The highest recorded mean level
of 123678-HxCDD was also found in heron cggs from Crofton,
Beitish Columbiu, in 1986, 534 ng/Kg (range in 10 cggs.
13-1298 ng/kg). A similar patiern of dioxin and turan
contamination was found in cggs of Double-crested Cormonisis
Phalacrocorax auritis breeding in Howe Sound. British
Columbia, a fjord contiguous with the Strait of Georgia, thal
receives efftuent directly from wo bleachicd-hratt pulp ol
(Whitehead et al., in press). Double-crested Cormorant cpes
irom Mandarte Island in the Strait of Georgia, distant from
industrial pnllutum SOUTCES, were also contaminaied with
PCDDs and PCDFs, indicating widespread contamination ot
the marine food chains of the strail during the 1980~ thlirott <1
al., in press).

Waterfow! wintering near pulp mills on the British
Columbia coast were also found to bx contaminated with
pCDDy and PCDFs (Whitehead ct ab. 1990, in press). Highest
levels were in Western Grebes with {20 ng/kg 2378 1TCDD and
Red-necked Grebes Podiceps grisegend with 910 np/ky
191678-HxCDD collected near a Kraft pulp mill at Port Aiberm
(Vermeer et al., in press). The elevated PCDD and PCDF levels
in waterfowl tissues resulted ina 1990 advisory by the
Canadian federal health department recommending timited
human consumption of Commo Merganser Mergus merg@inet
and Surt Scoter taken (rom the Port Alberni area (Whitehead ¢

al. 1990).

26,  Other chlorinated compounds |
Jarman et al. (1990) reported finding tris-(chiorophenyl)

methanol in eggs of seabirds (rom the west coast of North
Ametica and a number of other locations. A pooled sample of
11 Lench's Storm-Petrel cggs collected in 1987 from the Storm
Istands, British Columbta, contained & previously unidentificd
penta-brominated aromatic compound at an estimated
concentration of 80 pg/kg (Elliott ¢! al., in press). Poly-
brominated biphenyls were helieved to be the source of this

chemical.

~species, Common

2.7.  Geographical patterns |

In general, contaminunt residues in Morth Pacific
scabirds declined in a gradient from Californs in'the south o
Alaska in the north. with high concentrations m scattered hot
spots such as industrialized estuarnes (Riscbrough et al. 1971,
Gress et al. 1973 Henny ¢l al. 1982 Ohlemdort ot al. TUKZ,
19R5. 198K Eilott ot al. 198U Mid-cecan amd oftshore
tocations tended 1o be less contaminated (Oklendort and
Harrison 1986). although that patteen may by changiog OVCT
time as inputs from point sourees are reduced and L‘nrnmﬁinulm
are dispersed by long-range transpor (ot et al TR0y,
There are few data fram the westers Pacibw, although manne
hirds with highly contaminated s have previsusdy been |
reported in Japan (Fujiwara 1974 o

2. 7.1 Califerma

In the Tate 19608, Brown Pelwans Pelecdnn
oceidentalin and Double-crested (ormerants :n the Channe]
[lands in southerm Calfdormiy were {ound e e Bving th
shelled epgs heavily contanpnated with DDE (Rischrough el al
1971 Giress ot al. 19730 Casaan's Aubiot Pry b plrin
alenticus egys Trom nearty Colopes contaned DD resadues
1 eveess of 10 mg/kg (Risebrough et al 6Ty Near San
Franciseo. investigations of pesting bardures in Giread Tprets
Casmerodius atbus and Great Blue Herons reveahad i
cggshehs, Tugh levels ot DDE and dichdrin i unhutched
coen. and dead adults m the colopy (Faber ctal 19720, it
concentrattons of DT felated compounds i Canttarma Coastad
witdhile have been aliributed (o fosaey {rom the [wulu.:ldc :
manulicturing tedustry. - |

Orpanochlonnge leveis ( alitormn mannge tards werg
Nt rv["ur':-ﬁl agnn untl the sariy 198OS whaen Oblendert et ol
C1ORS ) analy sind cggs at Caspran Terns ind Flepant ferne
Srerna elesans calteded mosa Dieco By (sl el able 1)
Although DDE coneetitratons eaceeded 30 M ke 1y al et
OIS ('.IH;‘ILIII lTernesy. hoth spuoes conunted. tes TUNTIH TR,
ather than DD, PR ana s nonachior Local seuries
were stispected s browghl to Cispran tem Jicks
contarfied up 1o 2.0 me kg DDE Phree borset s e S
raryier cpes vontatned 17 mydhye DDE and ! A etk POBS

Ohlendort et al (19BR 1 analy rod cras of Black crivwied
N dit- Herons, Sness barets Eeretta thuda, amd Caspran Al
l"'t;rnwl"-a erns collected from the Soan Francisca arda i 1O
CTable 11 DDE residucs were hghest i Caspran Toerns: acihet
pestivides show cid e PAtlerm amoen speLivs. Siyeen poreent ot
coes 0f Black-crow e NI‘}:I'H'-HL‘I'HI‘I'» l..‘t-‘l!h"gll.‘tl al Sy
Calitornian cotonies (ncladimy three e San Franciseo Bavo
hetween (982 and HUR 4 contaned DIE residuesen cxpuss Of
8.0 me/g (Ohlenidort aned Muroas [2905 5ome night heron
CEES WOV also high in chlondane mctaboalites (up o H.Y2 g /hy
ovy chlordane, 2.0 mphy s chlordane. and 1.9 npfhg rans.

nonawhior.

2FY fhegoen qrtd Washingion

Heany et al tOR 21 reported organochionnd leveds in
cpps of 1 ﬁg;cm-n of marthe birds collegted i 1970 8 from
the coast of Oregon (Table- 1. One egy contained 12 mp/hy
DDE: most samples weie much tess gontaminated. Only two
Murres and Western Gulls, exinbted
catistivaily signihicant although minor tdf'ir ) cpgshed] tunming.
Toxaphene was detected m mosl (R3] of the siorm-petrel
cpgs, but nol in cormorants, uluuiui. gulls, of shorehards.
Dietdrin and chlordane-retated residues were poorly
represented. and no geographic trends were apparent.
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2.7.3

Eggs of Double-crested Cormorants from nortb~mn
Washington in 1984 contained tow levels of DDE and
other organcchlorines (Henny et al. 1989). However,
Glaucous-winged Gulls Larus glaucescens breeding in Puget

Sound exhibited minor ¢ggshell thinning, hepatic defects
(Calambokidis et al. 1985), and abnormal oviduct development
(Fry et al. 1987). Henny et al. (1990) found that Western
Grebes overwintering in Puget Sound accumulated significant
but not toxic amounts of DDE, PCBs, chtordanes, and HCB,

British Columbia
Eggs and tissues of marine birds were first sampled in

British Columbia in 1968. Since that time, eggs of selected

~seabirds—storm-petrels, cormorants. Rhinoceros Auklets

Cerorhinca monocerata, and Glaucous-winged Gulls—have

been sampled regularly by the Canadian Wildlife Service

(CWS). In addition, cggs and tissues of Great Blue Herons,

alcuds, and sea ducks have been analyzed periodically. Results
are reported in Ohlendorf et al, (1978), Elliott et al. (1989b),
Whitchead (1989), Noble (1990), and Elliott et al. (in press).
All eggs contained DDE, with the highest levels
([2 mg/kgy occurring in Fork-tailed Storm-Petrels Oceano-
droma furcata. DDE residues in Leach’s Storm-Petrels,
Double-crested and Pelagic Phalacrocorax pelagicus
cormorants, Glaucous-winged Gulls, and Rhinoceros Auklets
ranged from less than 0.5 mg/kg to 4.1 mg/kg (Noble and
Eliott 1986).
| Dieldrin, heptachlor epoxide. oxychiordane, and HCB
were present 1n eggs of all seabirds sampled. at levels between
0.01 and 0.1 mp/kg.

Levels of organochlorines in eggs of Pigeon Guillemots

Cepphues columiba collected in 1970, Rhinoceros Auklets
collected between 1970 and 1990, and Ancient Murrelets
collected between 196% and 1986 were low (EHiott et al. 198Gb,
in press). However, residues of b-HCH in excess of 0.5 mg/ke
In some Ancient Murrelet eggs from the Queen Charlotte
Islands were the highest values reported for any Pacific seabird.

In the fute 1960s and carly 1970s. tissues of a number of
Pacific coast alcids were analyzed for organochlorine content,
Levels in bodies of Marbled Murrelet Brachvramphus
marmoratus, Cassin’s Auklet, and Tufied Puffin Fratercula
cirrhata were low, whereas levels of DDE in bodies of Ancient
Murrelets were as high as 5.9 mg/kg.

2.74. Aluska

Ohlendorf et al. (1982) reported organochlorine levels in
cggs of |9 Aluskan seabird species collected between 1973 and
1976. All eggs contained DDE. 84% contained oxychlordane,
and 83% contained HCB. Concentrations were generally low,
with the highest mean levels reported in Glaucous-winged Guli
eggs from Bogoslof Island in the Aleutian chain (3.2 mg/kg

DDE, 0.21 mg/kg dieldr:n, 0.25 mg/kg oxychlordane, 0.19

mg/kg HCB, 0.037 mg/kg heptachior epoxide, 0.075 mg/kg
cis-chlordane, and 0.026 mg/kg cis-nonachlor). DDT, DDD,
and toxaphene were highest in eggs of Fork-tailed Storm-
Petrels at 0.14, 0.16. and 0.10 mg/kg, respectively. Eggs of

- Arctic Temns Sterna paradisaea contained low concentrations of
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all compounds, and Black-'egged Kittiwakes Rissa tridactyla
were found to have low concentrations of DDE relative to other

specics, as reported previously by Peakall and Nettleship (1987),

2.7.5. Hawuii
Black-footed Albatross Diomedea nigripes and Laysan
Albatross D. immutabilis collected on Midway Island in the

g romdt cameE R e ol -

early 1970s revealed low levels of DDT compounds, dieldrin,
and PCBs (Fisher 1973). DDE was similarly low in eggs of
Hawaiian Petrels Pterodroma phaeopygia (King and Lincer
1973), |

Eggs of three Hawaiian seabird species collected in
1980 from four colonics were analyzed for organochiorines
(Ohlendorf and Harrison 1986), Wedge-tailed Shearwaters
contained higher concentrations of DDE (Table 1) than
Red-footed Boobies or Sooty Terns, and were the only eggs that
contained the parent DDT, PCBs occurred frequently, and
dieldrin and mirex rarely in eggs of shearwaters and boobics.

-No heptachlor epoxide, toxaphene, or chlordane compounds

were detected., :

Only Red-footed Boobies are resident; therefore,
contamination in this species best represents contamination ir
the local environment. The authors considered that the lower
levels of most contaminants in Sooty Terns reflected the smler
proportion of fish in their diet, and that the HCH and HCB in
lern eggs may have originated from their wintering area in the
western Pacific,

2.7.6. North Pacific and Japan

We could not find data on organochlorines other than
PCBs in marine birds from any Asian countries. DDE
concentrations in carcasses of Short-tailed Shearwaters Puffinus
tenutirostris collected in Japan and the northern North Pacific
were low, ranging from 0.027 to 0.059 mg/kg.

Subcutaneous fat from three Thick-billed Murres Uria
lomvia collected in the North Pacific Ocean was analyzed for
total chlordane, total DDT, and HCH isomers (Kawano et al.
1986). Cencentrations were 0,10, 1.8, and 0.24 mg/kg,

respectively, on a lipid-weight basis,

2.7.7. Comparisons with the Atlantic coast and other sites

There have been a number of published comparisons of
organochlorine contamination of marine birds from sites in the
Atlantic and Pacific oceans (Ohlendorf et al. 1978: Ohlendorf
and Fleming 1988; Elliott et al. 1989b), Recent analyses
showed that eggs of seabirds foraging in offshore locations in
British Columbia had higher concentrations of DDE and HCH.,
but lower concentrations of PCBs, dieldrin, oxychlordane, and
HCB, than eggs of the same or ecologically similar Atlantic
species (Elliott et al. 1989a). In contrast, eggs of seabirds from
inshore locations on the Pacific coast were generally less
contaminated than eggs from inshore areas on the Atlantic coast.

In recent years, PCBs in eggs from Pacific coastal
colonies were generally lower than those from either Great
Lakes or Atlantic coast colonies and were comparable to those
in the prairies (Table 2), Higher PCB levels in cormorant eges
particularly from the Great Lakes-St. Lawrence basin reflect the
greater concentration of heavy industry compared to the Pacific
coast. Atmospheric transport by prevailing winds and regional
deposition of PCBs from the North American maintand,
including re-emission from the Great Lakes (Eisenreich et al.
1981, Bidleman et al. 1981), would have a major influence on
PCB levels in food chains of the Atlantic coast.

2.8. Temporal trends
~ We are unaware of any iong-term data on contaminants

in Pacific seabirds, other than those coliected in British
Columbia by CWS, Between the late 1960s and late 1980s, only

DDT compounds showed significant declines; trends for
dieldrin, oxychlordane, heptachlor epoxide, and HCB were
inconsistent among species and locations.
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Table 2 |
pCB levels in Double-crested Cormorant eggs from North American localions,

19771990 (mg/kg, wet weight)
-_—._______.-————l-—_""_'

i peepenonlen Y

i : i L

No. analyzed/

Location Yeur 1o, collected PCBs"  Reference!
British Columbia

Crofton 1990 1112 100 1

Mundarte I, 1990 B 1Y 137 |

Chain 1. 1900 ~ 517 |

Eraser Estunry 1990 It 164

Christie 1. O} 1M 200
Washington - T
Colville I, UN4 36/36 219 2
Protection 1, 1984 L1/11 1.A7 1

(regon -
unter 1. | 1979 VALY 1. 3

Maheur NWR' 1980 0/6 127 2

Klumath NWR {977 5/8 J&y ]

Umatilla NWR 1978/79 R/% 6,76 )

[-ake Ontario T T
Hamilton Hathour 1989 [ 141 T L WA U
{.ake Superlor o
Conel. L L L.

(Quebec o
fic aux Pommes L 3% A S -
New Brunswick

Manawagonish . 1Y88 | 5/8 N R
Newfoundland

Great Barasway 1. | 98K &/8 Yy s

11N indicates single analyses of a pool of N egpy: other values are geometnie
Means.

b gased on estimate of total PCBs. ic. 11 Aroclor 12841260 tor Canadran
Wildlife Service data,

<7 - Eiliof ot ol unpubdl. data,
2 - Henny ef al, 1989
3 . Henny et al. 1982
4 - Bishop ct al. 1992
§ . Canadian Witdlife Service, unpubl. datit

¢ NWR means National Wildlife Refuge.

Levels of organochlorines in Leach's Stopm-Petrels
oflect surficial contamination of the offshore environment,
Between 1970 and 1990, only DDE concentrations in those
egps declined significantly (Efhott et al.. in press). fneggs of
Rhinoceros Auklets collected in 1970, 1985, and 199(, only
DDE declined initially. HCB and oxychlordane. but not dieldrn

* or b-HCH. declined between 1985 and 1990, A sinidar pattern

was found in cggs of inshore-feeding Double-crested
Cormorants. DDE and dieldnn declined between 1977 wnd
1988 in eggs of Great Blue Herons (Whitehead 1989 and w
Pelagic Cormorants between 1973 and 1984 (Elliott et al

1O8Ob),
Total PCBs (as 1] Aroclor 1254:1260) i Great Blue

Heron eggs decreased significantly from 17.8 me/kg in 197710

2.89 mg/kg in 1987 at a colony in Vancouver {Whiteheud
1989). Between 1973 and 1985, PCBs decreased cignificantly
in both Pelagic and Double-crested cormorint Cges from
Mandarte Island, British Columbia (Ellion et al, 1989b.n
press). Between 1970 and 1990, PCB concentrations n
Rhinoceros Auklet cggs from Lucy Istand. British Columbia.
also declined from 2.01 1o 0.33 mg/kg. In contrast o the
declining PCB levels reported from coastal and inshore species
discussed above, levels of PCBs in cggs of the Leach’s
Storm-Petrel collected from the west coast of Vancouver Istand
did not change between 1970 (149 mg/kg) and 1990

(1.05 mg/kg). o )
Recent results show substantial declines inall PC DD

and PCDF levels in both herons and cormorant cggs trom
colonies in the Strait of Georgid. subscquent to efforts by the

forest industry to reduce sources of dioxin pullution _1Whitcht:ml

3 Biological effects on marine birds

3.1, Organachlorine pesticides

Incidences of seabird mortalily duc 10 organachiorine
contamination were reviewed by Ohlendort ot al 1978 1 and
Noble {1990); refatively tow istancss of mortality i North
Pacific scabirds were attributed Lo organochlonne poesening.,
However. most mortality govs anduetected or umng eshigated,
Seott et al. (1973 attributed the mass mortahity o8 Commaon
Murres ol the coast of Oregon in 196410 DDE, and dickinn
was implicated 1n the deaths of Conmon Eerets m Calitormsnn
1069, where brim levels exceeded 7.0 mg/hy thaber ¢l ol
19721, No seabtrd deaths ivesiigated by (WS western
Canada could be conclusively hoked to organochiorine |
pesticides (Noble and Elhott 1UX6) | |

fﬁ‘i]](hlll‘t‘ {0 nr;.:nnmhlnrnmn iy attect n:pnu,!-l,n;l'iun:
the negative refationship between BDE residues and epeshel!
thickness has been well established 1o pumber of hirds,

including maring species (Blus et Al 19819860 Custer et al

108 3 Elliott of al. 198800 Pelecandormes ¢ relativedy
sensitive to the effects ot DOE on epgsiict] tHich e ss and
aubaeguent hatehing falure (Keith and Grochy 1972 Coohe
1073 Pacitic populations of Brown Pelicans and Doubly
crested Cormoriants were severehy attected  the pass
(Rischrouvh ¢t al 19710 Gress ol Al 197 3 Seaee the T9RO
cosidues 12 Doabie crested Cormenant ey from Washington
and British Columbua Bave een loww . andd popuiabions
Honrishing (EHott et at. [uxOb Flenm et al ToxOs Aorreon
1079 found onby minor cgesbedl thinmine i North Pacitic |
ropivbirds and boobies durmg the JOSO, aned 4O

Few organovhlionno-related citecty have been |
etablished mproceflarnds. w mich {ofuse i otishore tocatiens
{}rgunuuhlurim:u have been inhed to shelt thinane i Ashis
Srorm-Petrels Oceanodr e Jeompvche o o the Faradjon I anas
(Coulter and Rivebrough 1275 Based ondata troms casteen |
Capada, Pearce etab 197 caleutated a cntcad vadoe o
my/ke DDE o cauw aghiticant cgeshedl thanmne s b each
Srorm-Petrels, Residues of it g tude wors oot Jetected in
any Pacific populstions of T each s Stortn Petroh bul wdiy |
fornd in some Fork tarted Stoem Petre! caps tHenny vt
1982: EHjott etal, TOX9LY, o

~Organochionny related etfoets have been repd il

reguiarly i Ardeidae, Fabererab (1970 reported 1500 cpeshell
thinaing and i high rate of reprodugtive tatute i Commion
1":1111‘[5 1 northein Calitomid. wHLeTCIS the pruthu‘hh- HA ol
NYIPALTC Creeat Blue Herons apprrared o he nosmnl X negaing
correlation between loy DDE concentration aind cgrsheh
thichness has bren shown tor Great Bloe Herons Hrom Orepon
and Washington (Blus et A1 1N Pesticnde resudues i e 0]
this SJRUICS in Britsnh Columbia were nat censidesed to be an
important tactor in abserved reprodacive sroblems i Whitehe ad
109y Custer et al. 1983 calvalated o critical value of
8.0 me/kye DDE tocause significant cppshel thiraunye i
Blach-crowned Night-Herons, Ohlendort and Marois R
found that-a number of night-heron eggs from Caldormia
axcecded that value, o o

Among charadrifformes, e appearto e maore
susceptible to the cggnlwll-thinning i:f_m-lu ot DD than ;tull*-:
or atvids (Keith and Gruchy 1972: Fox 19761, More than 25
of cpgs laid by Caspran Terns breeditg n San Dego li‘p}' i
1981 failed to hawwh, or died duning pipping hivadorf et al.
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Table 3 ' | '

Poputations of North Pacific marine birds reported to have experienced
reproductive problems or sublethal effects other than eggshell thinning

1 L 5 - """""'-'I-I_._
Contaminant SR

Species Location Years Effect _SR* Refercnce
Double -crested Cormorant — California 1969-72 Reproductive failures, severe EST’ DDE 32 ppm Y Risebrough et al. 1971
Double-crested Cormorant  British Columbia 1989 Bill deformities Dioxins, PCBs N Elliott et al., unpubl.
| dati
EROD' induction PCBs Y J.T. Sunderson et gl
unpubl. datn
Rrown Pelican California 196972 Reproductive failures, severe EST — DDE 7t ppmi Y Oress et al, 1973
Western Gull - California 1972 Reproductive failures, 20% EST Not meusured Hunt and Hunt 1973
Glaucous-winged Gull Washington 1984 Hepatic strophy, minor EST Not measured Calambokidis et al.
- | o U85
Cuspian Tem California 1981 25% hatching failure DDE 9.3 ppm N Ohlendort et al. 19RS
Great Egret California 967-.70) Reproduclive failures, 15% EST DDE about 25 ppm Y Faber et ad. 1972
Great Blue Heron British Columbia 98788 Reproductive Failures Dioxins N Elliott et al, 1980k
Great Blue Heron British Columbia Y88 EROD induction TCDD Y Betlward et al. 1999
* Edema, reduced embryonic weight  TCDD Y Hart ¢t al. 199
Black-crowned Night-Heron  California LY Reduced embryonic weight PCBs Y Hoffman ct al. 1986

SR = Y.l there was a signilicant relationship between contaminant residues and effect: othetrwise, N,

PEST = cggshell thinning.
" EROD = ethoxyresorufin-O-decthylasce.

1985). Although DDE residues in eggs averaged 9.3 mg/kg and

were inversely assoctated with eggshell thickness, residues

were not signihicantly related to hatching success. |
Population declines associaed with eggshell thinning

- and DDE residues have heen reported in Common Murres
(Ciress et al. 1971). However, organochlorines do not appear to
- have been an important factor in reproductive failures or

population declines in some British Columbia aleids (Elliott et
al. T989b: but see Nelson and Myers 1976), Cassin's Auklets in

the Farallon Islands appeared to be unaftected by DDE residues

in excess of 10 mg/kg (Risebrough et al, 1967).
~ Investigations of pollutant effects on Glaucous-winged

Guils in Puget Sound, Washington. revealed evidence of 10%

cggshell thinning. liver enlargement, and hepatic lesions. but no
ctiects on hatching, fledging. or growth rates (Calambokidis of
al. 1985). Hunt and Hunt (1973) reported reproductive failure
and 20% egashell thinning in Western Gulls from southern
Calitfornia.

Table 3 lists studics where bioeffects ether than eggshell
thinning were related 1o organechlorine residues in Cgges or
tissues of marine birds fror- the North Pacific. Comparatively
few studies report sublethal effects of compounds other than
DDE. In the Adantic, dieldrin has been implicated in the
hatching faiture of Northern Gannets Swla bassana ( Chap-
delaine et al. 1987 Elliott et al. 1988a). shags Phalacrocorax
arwstorelis (Potts 1968), and Brown Pelicans (Blus et al.

1974). However. concentrations of organochlorines tend to be
corrclated with each other (Ohlendorf et al. 1978), often making
it difficuit to distinguish among their effects.

Ohlendorf and Fleming (1988) compared published

Hevels of environmental contaminants in eggs of aquatic birds

collected in San Francisco Bay with levels associated with
adverse effects. Based on these criteria, hazardous residues of
DDE occurred in Black-crowned Night-Herons, Snowy Egrets,
and Caspian and Forster's terns. None of the levels found in

- seabird eggs coliected since 1980 in Hawaii (Ohlendorf and

Harrison 1986) or British Columbia (Noble and Elliott 1986:
Elliott et al. 1989b) were high enough to cause significant

effects on reproduction.

Aparl from DDE, the toxicological significance of most
organochiorines to marine birds has not been established. This
Is important because, although DDT compounds are generally

- decreasing, other compounds such as HCH and toxaphene may

be increasing (Elliott et al., in press), Although some Pacific

seabird populations may be in decline, other factors, including
oit (Burger and Fry, this volume), heavy metals (Ohlendorf. this
volume), deforestation, and introduced predators (Vermeer and
Scaly 1984), may be involved.

3.2, Polychlorinated biphenyis

PCB mixtures are not acutely toxic to birds when
compared to many other environmental chemicals (Hiil and
Camardese 1986). PCBs may have poisoned a number of Great
Cormorants in the Netherlands (Koeman et al, 1973). The rolc
of PCBs and other environmental contaminants in seabird
“wrecks™ or mass mortality incidences is not clear; most wrecks
are associated with bad weather impairment of foraging
efficiency, resulting in mass starvation. The subsequent
mobilization of lipid reserves results in increased concentrations
of lipophilic contaminants in the bloodstream and eventually
the brain. Elevated PCB levels were reported in a dic-off oi
Common Murres off the Oregon coast in 1969 (Scott et al.
1975); yet in another die-off of 100 000 murres in Alaska.
contaminant levels in starved birds were low (Bailey and
Davenport 1972).

Chronic effects of PCBs are common to many species

- and include weight loss, immunotoxicity, liver enlargement

and other signs of hepatotoxicity such as porphyria, induction
of drug-metabolizing enzymes, and reproductive toxicity

- (Kimbrough 1974; Safe 1984),

A ficld study of Black-crowned Night-Herons in San
Francisco Bay showed an association between total PCBs and
lower embryonic weight (Hoffman et al. 1986), Ohlendorf and
Fleming (1988) determined that PCB levels in Snowy Egrets,
Black-crowned Night-Herons, Caspian Terns, and Forster's
Terns were high enough to adversely affect avian health or
reproduction,

The toxic symptoms caused by PCBs are also common
to the PCDDs, the PCDFs, and the polybrominated biphenyls.
This group of compounds is often referred to collectively as
polyhalogenated aromatic hydrocarbons (PHAHs). The toxicity
of individual PHAH compounds varies greatly with the
molecular structure. The most toxic compound is 2378-TCDD
which is often used as a model for studying the effects of these
chemicals. The most toxic furan and biphenyl congeners all
exhibit a similar structure to 2378-TCDD. Many of the toxic
effects caused by this class of compound arc believed to be
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mediated by a cytosolic receptor found in many tissties, known
as the Ah receptor (Landers and Bunce 1991).

Study of PHAH structure-activity relationships has
produccd a scheme for determining the toxicity of complex
mixtures of these chemicals through use of TCDD Toxic
Equivalence Factors (TEFs). Each individual compound is
assigned a TEF between ) and 1 relative to 2378-TCDD,
Analytically determined concentrations are multiplied by the
TEF. the results summed to produce the TEQs. Sate (1990
recently published a set of TEFs for the most important PHAH
compounds. Kubiak et al. (1989) determined TCDD toxic
equivalences in a Forster's Tern population in Green Bay,
Michigan, that was exhibiting reduced breeding success. They
atributed most of the toxicity 10 two PCB congenets.

1.3 4,4’ 5-pentachlorobiphenyl (PCB No. 126) and

133 4,4’ -pentachiorobipheny! (PCB No. 105). In studies of
North Pacific marine mammals, Tanabe et al. (1987) reported
that the highly toxic non-ortho substituted PCBs were of greater
toxicotogical concern than dioxins and furans.

Figure | compares TCDD TEQ CONCCOTRLIONS 151 CEEs
of fish-cating birds from different sites, The various PCB
congeners contribute S90%. of the TEQ load in hirds from
Locations other than British Columbia, In eggs of Great Blue
Herons collected in 1987 from Crotton. British Columbia, the
PCBs contributed less than 20% of the total TEQs. This
appears. however, to bave been an unusual situation, Herons at
Crofton feed year-round in a shallow bay dominated by a farge
kraft pulp and paper mill with virtually no other cursent or
historical industrial discharges. T contrast, cggs of COPMOTtS
collected in 1989 from the Crofton arcd had PCB levels that
made up more than 60% of the otal TEOs. Although resident
on the British Columbia coast, Cormorants do not remain
year-round in the Crofton area (ENiott, unpubl. data). In Great
Blue Heron eggs collected (rom Hammond Bay. approximately
100 km notth of Crofton, where there is appirently greater PCB
contamination of the food chain, PCBs accounted for greater
than 80% of the TEQS.

1.3, Polychlorinated dibenzodioxins and polychlorinated

dibenzoturans

The environmental hazard of dioxins, including toxicty
10 wildlife. has been reviewed by Eisler { [9R6) and Ontarto
Ministry of the Environment (198S). Acute avian toxivity of
1378-TCDD ranges from 15 pp/ky bedy weight in Northern
Bobwhite Colinus virginianus to greater than %10 pe/hg body
weight in the Ringed Tuttle-Dove Streptopelia rivorta (Hudson
et al. 1984). In chicken embryos. mortality, teratogenic etfects,
and edema oceur in eggs injected with as little s 10 ng/kg
13178 TCDD (Verrett 1970), whilke 6.4 ny/kg caused a 21
increase in the incidence of ardiovascular malformaions
(Cheung ct al. 1981). The LD, for 2378-TCDD i the chichen
embryo was reported as 230 ng/kg cpg when admintstered o
the air sac (Allred and Strange 19771, In domestic turkey
embryos, non-ortho PCB congenets (that bind the Al recepor
and thus act by a similar toxic mechanism 1o 3378{1‘(‘1.11) also
cause gross deformities (Brunstron and Lund [9RR). HOoweycT,
in embryos of other avian species, such as ng-ngrkcd__ |
Pheasants Phasianus colchicus and Eastern Bluebirds Nialia
sialis. sublethal effects including gross deformities, edema,
liver lesions, and inhibition of lymph and thymus dcvglppmcm
were not observed; rather mortality was the most sensiive
endpoint (Martin ¢t al. 1989: Nosck et al. 1992), The LDx tor
1378-TCDD was 1100 ng/kg egg In the pheusant umhryu.uncl
hetween 1000 and 10 000 ng/kg cgg in the Eastern Blucbird

~embryonic weiglht 4 Beliw
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Tolad TCOD Toxic Equivalence Eactors (TEQs ) in epgs of fish cating birds
{rom a number of locations, PCB No. 1015 tE.’#.l’dd"-l,;{'Ht and No 11K
lﬂ'ﬁ'*.ld'ﬁ-P(f!ll are two ol the more important mopoe:orthe POR Congeneys i
environmental samples. The von-orthe PCHBs were: No 77 144 TCB), N
126 (3344°5. PCRY. and No. 169 (%4458 HCB). PrCDD and HxCHL inchude
2378 substitluled pents- and hexa-substituted o, - -
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There are few published studies of chront Ategts ot
droxin on birds, Kenageoand Narris tHUR O yeported that adiet
contilining 0.3 or Inghy TODD m a formiilitios: of Y38 1 ed
(o bobwhites for 1% weeks produged no cHiccts ooy
prmlln‘.limt or sury v al of embrsos Floweser, SO Somortahity
Jid vecur withn five dave at g dietary les el of 167 nivhy
Nosck of il (19921 reported that Rine nevked Pheasants Jonend
with 1.0 peApiweck of 2 UG TCDID Tor 10 week s exbiied
mortal iy and signs of sty andromties epg produclion was
Also reduved, and feser than 260 of eges hatebed R

Field stitdies of sionn eftedts on w Hllie are hmited
Geeat Dakes Hermng Gult egps collected 1rom Lake Ontarien
the carly 19708 and qubseuentiy peanaly zed, dontamed preatd
than 2000 ng/kg 1178 TCDD (Eihott et al, TUSRO, Althoieh
Flerring Guil productivaty 2 TRt TIRIE Sas POnt, ¢ diso
contained high fevels of other htow 1 cnbey oot g luding
PCBs and HOB (Mincau ctal, tusd: Hishop etal, 12y
Although complete L ol 4 Great Blue Heron cotony an x
tOR7 al Crofton, Botsh Columbia. comvided watha threetold
inerease 10 mean fevels of IR TOCDD n egps, no absticitly
sigmbicant relationship betw cen contaminint levels and
reproductive oulvome was detertmined tor herons tRThanti et Al
(%Y. Heron cmbryos, collected i FORY at cotomes with high,
intermediate, and low tevels of PCDD und PCIIE contaniziation
andd incubated artiticiatiyv. did not cahuhit any sipmbicant |
differences in halching success amonyg the thret sites There
were, however, d numbwr of sithlethil ctiedts, correbatcd with
1378-TCDD levels, including induction of hepatic ROLI
deethy fase) activily . edema, ami] lower
ard et al. 1990; Hart et al 1991
Retween 1987 and 1989, i 41 theee instances where mean
levels of 13178 TCDD in heron cggs exceeded 150 ng/kg. the
colony tailed ot had significantly reduced productivity
(Whit'uhcud ctal, 1991, Although disturbance by peopic ungllur
Bald Eagles Haliweetus lengocephalus appears to be the main

(ethoxyresorufin-0-
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‘cause of heron colony failure on the British Columbia coast

(Norman et al. 1989), intensive observation of heron nests

~ showed that mean time spent incubating was lower and there

was greater between-nest variability in incubation time at a
contaminated versus a control heron colony in 1988 (Moul
1990). The possibility exists, therefore, of a contaminant-related
effect on adult incubation behaviour. Chemically mediated
aberrant parental behaviour has been reported for a number of
species in both laboratory (Peakall and Peakall 1973; McArthur
et al. 1983) and field (Cooke et al. 1976; Mineau et al. 1984;
Kubiak et al. 1989) studies. |

4, Outlook

Since the impact of persistent contaminants, particularly
DDE and PCBs, on marine birds was first detected and
publicized, the situation has improved dramatically in former
hot spot areas such as southem California. However, the later
finding of high levels of PCDDs and PCDFs in marine birds in
British Columbia attests to the nced for ongoing monitoring
programs. These findings demonstrate clearly the value of
marine birds as indicators of both levels and effects of
persistent pollutants. Future investigations of the impact of
chlorinated hydrocarbons (and other pollutants) on seabirds
should be improved by the development of more sensitive
analytical methodologies. Ongoing development and increased
use of biomarkers, such as induction of cytochrome P-450
enzymes, shouid improve carly detection and quantification of
sublethal effects of chemical stressors on physiological
funcuons. | |
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