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RÉSUMÉ 

Les résultats, des analyses chimiques des oeufs et des tissus de rapaces 

recueillis par le Service canadien de la faune entre 1965 et 1988 sont compilés. 

On a rapporté des niveaux de résidus de ODE, de 000, de DDT, de dieldrine, 

d'époxyde d'heptachlore, de RBC, de BPC, de bêta-RCH, d'oxychlordane, de myrex 

et de mercure dans vingt-quatre espèces canadiennes de rapaces. Seulement trois 

de ces échantillons de tissus contenaient des réSidus (mercure ou ODE) 

indicateurs d'empoisonnement. Les valeurs critiques des effets toxiques du ODE, 

de la dieldr ine, d'époxyde d' heptachloreet de mercure dans les oeufs sont 

déterminées à partir de documentation publiée et les proportions d'oeufs 

échantillonnés avec des résidus excédant ces niveaux sont rapportées. Plus de 

50 % des oeufs de Pygargues à tête blanche, de Balbuzards, de Faucons émerillons, 

de Faucons des Prairies et de Faucons pèlerins (particulièrement ceux recueillis 

avant les années 1980) contiennent des ODE excédant· .les valeurs critiques 

spécifiques. Pour huit espèces, les données concernant les contaminants sont 

analysées en fonction des tendances temporelles. Le ODE diminue de façon 

significative chez les Faucons émerillons, les Faucons des Prairies, les 

Pygargues à tête blanche et les Faucons pèlerins; la dieldrine dans les Buses de 

Swainson et les Buses pattues, les Faucons émerillons, des Prairies etpèlèrins; 

et l'époxyde d'heptachlore seulement chez les Faucons des prairies. On discute 

des résultats en fonction des modifications de st~tut des populations de r~paces 

au Canada. Il est possible d'utiliser les résidus chimiques dans les 

échantillons d'oeufs, de tissus et de sang des rapaces ;fin d'exercer un su~vi 

de la contamination des éèosystèmes terrestres. 
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SOMMAIRE 

On sait que les polluants environnementaux tels que les pesticides 

organochlorés et les biphenyles polychlorés (BPC) sont persistants dans les 

écosystèmes aquatiques et terrestres. Les animaux prédateurs (tels que les 

oiseaux rapaèes) sont souvent très contaminés en raison de la bioamplification 

par la chaine alimentaire et de leur tendance à prendre des proies affaiblies et 

susceptibles d'être contaminées. 

La disparition du Faucon pèlerin (falco peregrinus anatum) dans l'est de 

l'Amérique du nord dans les années 1960 a attiré l'attention des scientifiques 

sur les effets toxiques des pesticides largement utilisés tels que le DDT. En 

Europe, le taux de mortalité des rapaces à la suite d'un traitement aux grains 

enduits de fongicide de mercure a démontré l'effet mortel du mercure. Depuis le 

milieu des années 1960, le Service canadien de la faune (SCF) a fait des études 

sur les résidus chimiques dans les tissus et les oeufs des rapaces canadiens. 

Les résultats des analyses de la présence d'organochlorés et de mercure dans plus 

de 250 échantillons de tissus et plus de 1 400 oeufs de rapaces recueillis au 

Canada entre 1965 et 1988 sont résumés dans ce rapport. 

Les pesticides organochlorés; incluant les DDT, la dieldr ine, l' heptachlore . 

et les HBC, ont été largement utilisés au Canada pour protéger les récoltes et 

les forêts jusqu'au début des années 1970; ils ont alors été remplacés en grande 

partie par des composés non persistants. Bien que des restrictions au États-Unis 

sur leur utilisation, à peu. près en même temps qu'une réglementation· canadienne, 

aient été mises en vigueur, l'emploi d'organochlorés en Amérique latine a 

continué d'augmenter au moins jusqu'aux années 1980. Malgré les restrictions sur 

plusieurs applications, des composés industriels tels que les BPC continuent de 

s'introduire dans l'environnement par les fuites des transformateurs, les 

effluents industriels, les déversements, les rejets et l'incinération. Les 

sources anthropogéniques existantes de métaux lourds tels que le mercure, le 

plomb et le cadmium comprennent les écoulements des mines métalurgiques, des 

fonderies et des usines fonctionnant au charbon et les infiltrations issues des 

sites d'enfouissement de déchets. 

On a accumulé beaucoup de preuves sur les effets toxiques directs du ODE 

(le principal dérivé du DDT), de la dieldrine,du plomb et du mercure sur les 

rapaces. ·Bien que certains cas d'empoisonnement chez les rapaces aient été 

rapportés, nous connaissons moins les effets toxiques de l'oxyde d'heptachlore, 

de 1 'oxychlordane, des hexachlorocyclohexanes (HCH) isomères, du mirex, de 
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l'hexachlorobenzène (HCB) ou des biphényles polychlorés. 

On a remarqué que plusieurs organochlorés et le mercure ont des effets 

presque mortels surtout sur la reproduction. Les coquilles d'oeufs des rapaces 

semblent ètre relativement vulnérables aux effets d'amincissement causés par le 

ODE. Il Y a une grande variation spécifique dans la relation entre le contenu 

en ODE, l'épaisseur de la coquille des oeufs et la productivité chez les Faucons 

des Prairies et émerillons et les Pygargues à tête blanche et les Balbuzards qui 

,sont parmi les plus sensibles à la diminution de productivité. Bien qu'il y ait 

eu peu de travaux expérimentaux sur les rapaces, des études portant sur d'autres 

oiseaux prouvent que la dieldrine, l'époxyde d'heptaèhlore, les BPC et le mercure 

réduisent aussi les chances de réussite lors de la reproduction. La diminution 
, ' 

de l'éclosion d'oeufs pourrait mener à un déclin des populations. 

Parmi les contaminants organochlorés'détectés dans les rapaces canadiens, 

on trouve les DDT, 000 et ODE, la dieldrine, l'époxyde d'heptachlore, le mirex, 

l'oxychlordane, le cisnonachlore et le transnonacnlore, le cischlordane et le 

transchlordane, les isomères HCH alpha, bêta et gamma, les dérivés chlorés du 

benzène (principalement des HCB) et les BPC. Les niveaux de résidus varient~de 

non décelable à plus de 100 mg par kg dans le cas du ODE. Des améliorations 

dans la méthodologie analytique ont permis de détecter plus de, composés dans les 

échantillons récents que chez ceux recueillis avant. En général, dans les oeufs, 

les niveaux démontrent les habitudes alimentaires; les oeufs des espèces se 

nourrissant de poissons et d'oiseaux contiennent plus de résidus. 

Dans une très petite proportion de tissus analysés, on a trouvé des niveaux 

de résidus menant à un diagnostique d'empoisonnement aig@ : du mercure dans le 

foie d,'un Pygargue à tête blanche et de plusieurs ,Urubus à tête rouge recueillis 

en Ontario en 1970, et du ODE dans le foie d'un Épervier brun recueilli en C.-B. 

au début des années 1980. 

Les concentrations d'organochlorés dans plusieurs oeufs excédaient les 

niveaux seuils critiques minimum calculés à partir des publications sur la 

toxicologie. Il Y avait des différences spécifiques considérables dans les 

valeurs critiques, le ODE affectant ,la productivité des Faucons des Prairies au 

niveau des oeufs avec plus de 1,2 mg par kg (poids net) tandis que la valeur 

critique des accipiteri semble ètre d'environ la mg par kg. Bien que le niveau 

critique de dieldrine n'ait pas été identifié, nous avons établi que les 

concentrations excédant 1,0 mg par kg étaient potentiellement dangereuses. Les 

valeurs critiques estimées de l'époxyde d' heptach10re et du mercure dans les 

oeufs étaient respectivement de 1,5 mg par kg et de 0,5 mg par kg. 
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Les oeufs de l'Épervier brun et de l'Épervier de Cooper étaient hautement 

contaminés par des niveaux de ODE et, dans un des cas, de dieldrine excédant 

souvent les valeurs critiques. Les bu~ei étaient généralement moins contaminées 

au ODE que les accipi~eri, mais une plus grande proportion des oeufs contenait 

des niveaux élevés de dieldrine et d'époxyde d' heptachlore. Une grande 

proportion des oeufs de Pygargues à tête blanche contenait des ODE excédant 6,0 

mg par kg, avec des concentrations maximum atteignant 100 mg par kg. Plusieurs 

oeufs d'aigles étaient aussi très contaminés à la dieldrine, à l'époxyde 

d' heptachlore et au mercure. Seulement un oeuf d'Aigle royal contenait beaucoup 

de résidus chimiques (dieldrine), tandis que plusieurs oeufs de Balbuzards 

contenaient plus de 4,0 mg par kg de ODE, la valeur critique établi pour cette 

espèce. 

Les oeufs de certains faucons ,étaient grandement contaminés. La plupart 

des quelques trois cent oeufs de Faucons émerillons analysés contenaient des ODE 

excédant la valeur critique, et plus de 10 , des oeufs contenaient aussi des 

concentrations élevées de dieldrine, d'époxyde d'heptachlore et de mercure. Les 

concentrations de ODE dans plus de 60 , des oeufs de Faucons des Prairies 

excédaient le niveau critique de cette espèce. La dieldrine, l'époxyde 

d' heptachlore et le mercure excédaient aussi les valeurs critiques dans plusieurs 

oeufs. Seulement un oeuf de Gerfaut et u'n oeuf de Crécerelle d'Amérique étaient 

considérablement contaminés (avec de la dieldrine dans le premier cas, et de 

l'époxyde d'heptachlore et de la dieldrine dans l'autre). Les oeufs de Faucons 

pèlerins étaient très contaminés, les concentrations de ODE excédant 10 mg par 

kg dans plus de 50 , des oeufs analysés. Près de 25 , des oeufs contenaient des 

concentrations élevées de résidus de dieldrine. 

Il y avait peu d'oeufs de hibous sensiblement contaminés. Les niveaux de 

ODE étaient élevés dans deux oeufs de Grand-duc d'Amérique, et les niveaux 

d'époxyde d'heptachlore étaient élevés dans deux autres oeufs de cette espèce. 

Les tendances temporelles des niveaux de résidus ont été déterminées pour 

plusieurs espèces. Dans les oeufs de Buses de Swainson et des Buses rouilleuses 

dans les Prairies, la dieldrine a diminué tandis que les concentrations de ODE 

et d'époxyde d'heptachlore n'ont pas changé de façon significative entre la fin 

des années 1960 et le milieu des années 1980. Dans les oeufs des Faucons 

émerillons recueillis dans les Prairies pendant la même période, les 

concentrations de dieldrine et de ODE ont 'sensiblement diminué mais l'époxyde 

d' heptachlore n'a pas montré de tendances précises. Chez les Faucons des 

Prairies, les concentrations des trois composés ont diminué. 
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Les niveaux de ODE dans les oeufs ont diminué considérablement chez les 

Faucons pèlerins dans la plupart de leurs habitats. Le niveau de dieldrine a 

auss i diminué légèrement, l'époxyde d' heptachlore a augmenté et les 'autres 

composés n'ont démontré aucune tendance. Chez les Pygargues à tête blanche du 
, , 

nord de l'Ontario, seules les concentrations de DDE ont diminué entre 1968 et le 

milieu des années 1980, et dans l'Arctique, la dieldrine dans les oeufs des Buses 

pattues a diminué. 

Plusieurs populations canadiennes de rapaces ont connu des déclins au cours 

du dernier demi siècle qui peuvent être attribués aux pesticides. La population 

de l'est de Faucons pèlerins est disparue de l'est de l'Amérique du nord, et les 

Pygargues à tête blanche sont disparues des Grands Lacs infêrieurs. Dans les 

deux cas, les oeufs étaient très contaminés au ODE, et la productivité a 

pratiquement été réduite à zéro. Bien que les preuves concernant d'autres 

espèces soient moins concluantes, il est possible que les populations de 

Balbuzards, ,de Faucons des Prairies, de Faucons émerillons et d'Éperviers de 

Cooper aient aussi connu des déclins avant les années 1980. 

plusieurs de ces espèces 'se rétablissent. 

En ce moment, 

Plus récemment, quelques espèces, particulièrement les Buses rouilleus~'s, 
le: 

- les Buses à épaulettes, les Effraies et les Chouettes des terriers ont subi des 

déclins de population. Les pesticides utilisés actuellemeri peuvent affecter les 

Chouettes des terriers; d'autres déclins ont été grandement attribués' à la 

détérioration des habitats. 

En raison de l'accumulation de composés organochlorés et de mercure, r~s 
rapaces peuvent être utilisés comme indicateurs de la contamination de 

l'environnement terrestre (ou aquatique dans certains cas). De plus, à cause de 

la vulnérabilité des rapaces aux effets toxiques, les répercussions sur leur 

santé peuvent être les ,premiers indices d'atteinte à l'écosystème. Les 

programmes de contrôle des contaminants sont susceptibles', de comporter des 

échantillonnages i) soit d'oeufs frais d'une espèce commune et répandue, 

ii) soit d'analyse de spécimens recueillis dans des centres de rétablissement 

d'oiseaux sauvages ou dans des musées, iii) soit de prises de sang effectuées à 

des st,ations' de baguage de rapaces. Aussi, les spécimens, jugés empoisonnés et 

soumis à une nécropsie au SCF, ainsi que les oeufs et les tissus recueillis selon 

le protocole de certains projets, continueront d'être analysés~ 
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ABSTRACT 

The results of chemical analyses of raptor eggs and tissues collected by 

the Canadian Wildlife Service between 1965 and 1988 are summarized. Residue 

levels are reported for ODE, 000, DDT, dieldrin, heptachlor epoxide, HCS, PCBs, 

beta-HCH, oxychlordane, mirex and mercury in twenty-four species of Canadian 

raptors. Of these, only three tissue samples contain residues (mercury or ODE) 

indicative of acute poisoning. Critical toxic effect values for ODE, die1drin, 

heptachlor epoxide and mercury in eggs are determined from the published 

literature, and the proportions of sampled eggs with residues in excess of those 

levels are reported. More than 50% of the eggs of Bald Eagles, Osprey, Merlins, 

Prairie Falcons and Peregrine Falcons (particularly those collected prior to the 

1980s) contained ODE in excess of specifie critical values. Contaminant data for 

eight speciesare analyzed for temporal trends. ODE declined significantly in 

Merlins, prairie Falcons, Bald Eagles and Peregrine Falconsi dieldrin in 

Swainson's and Rough-legged Hawks, Merlins, Prairie and Peregrine Falcons; and 

heptachlor epoxide only in prairie Falcons. Results arediscussed.with respect 

to changes in. the status of raptor populations' in. Canada. It is feasible touse 

chemical. residues. in eggs, tissues or blood samples of raptors' in order to 

monitor contamination of terrestrial ecosystems. 
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SUMHARY 

Environmental pollutants such as organochlorine pesticides and 

polychlorinated biphenyls (PCBs) are known to persist in aquatic and terrestrial 

. ecosystems. Predatory animaIs (such as raptorial birds) are often highly 

contaminated due to biomagnification via the food chain, and their tendency to 

take impaired and potentially contaminated prey. 

The extirpation of the Peregrine Falcon (Falc:o peregrinus anatum) in 

eastern North America in the 1960s focused scientific attention on the toxic 

effects of widely used pesticides such as DDT. In Europe, mortality of raptors 

following treatment of seeds with mercurial fun<,1icides demonstrated the deadly 

effects ofmercury. Since the mid 1960s, the Canadian Wildlife Service (CWS) has 

carried out surveys of chemical residues in the tissues and eggs of Canadian 

raptors. The results of analyses for the presence oforganochlorines and mercury 

in more than 250 tissue samples and more than 1400eggs of.raptors collected in 
-

Canada between 1965 and 1989, are summarized in this report. 

Organochlorine pesticides, including DDT, dieldrin, heptachlor and ~~~, 

were widely used in Canada for crop and forest protection until the early 197Qs, 
. - ' .. ,".' 

when they were largely replaced by nonpersistent compounds. Although restrictions 

.on use in ,the USA were implemented at about the same time as Canadian .~~ -

regulations, organochlorine use in Latin America continued to increase at least 

until the 1980s. Although many applications have been restricted, industrial 

compounds such as PCs's continue to enter theenvironment via leakage from 

transformers, industrial effluent, through spills, dumping and incineration. 

Current anthropogenic sources, of heavy metals such as mercury, lead and cadmium 

include effluent from metal mines, smelters and coal-burning plants, and leaching 

from wastedisposal sites. 

Considerable evidence has been amassed on the direct toxic effects of ODE 

(the main'derivative of DDT), dieldrin, lead and mercury on raptors.Although 

some raptor poisoning incidents have been reported, less is known of the toxic 

effects of heptachlor epoxide, oxychlordane, hexachlorocyclohexane (HCH) isomers, 

mirex, hexachiorobenzene (HCB) and polychlbtinated biphenyls. 

Many organochlorines and mercury have been found to have significant 

sublethal 'effects, particularly on reproduction~ Raptors appearto be relatively 

susceptible to the eggshell thinning effects of ODE. There, is considerable 

interspecific variation in the relationship between ODE content, eggshell 
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thickness and productivity, with Prairie Falcons, Merlins, Osprey and Bald Eagles 

arnong the most susceptible to decreased productivity. Although there has been 

littleexperimental work with raptors, there is evidence from studies 'on other 

birds that dieldrin, heptachlor epoxide, PCBs and mercury also reduce 

reproductive success. Reduced egg hatchability may result in population declines. 

Organochlorine contarninants detected in Canadian raptors include DDT, 000, 

ODE, dieldrin, heptachlor epoxide, mirex, oxychlordane, cis- and trans-nonachlor, 

cis- and trans-chlordane, alpha-, beta- and gamma-HCH isomers, chlorinated 

benzenes (mainly HCB) and PCBs. Residue levelsrange from undetectable to more 

than 100 mg/kg in the case of ODE. Improvements in analytical methodology allowed 

more compounds to be detected in recent sarnples than in those collected earlier. 

In general, levels in eggs reflect the diet, with highest residues in eggs of 

bird~eating and fish-eating species. 

A very small proportion of tissues analysed were found to have residue 

levels diagnostic of acute poisoningi mercury in livers of a Bald Eagle and 

several Turkey Vultures collected in Ontario in 1970, and ODE in the liver.of a 

Sharp-shinnedHawk collected. in B.C. in the early 1980s.· 

Organochlorine concentrations in many eggs exceeded minimum critical 

threshold levels calculated from the toxicological literature. There were 

significant interspecific differences in critical values,. with ODE affecting 

productivity in prairie Falcons at egg' levels greater than 1. 2 mg/kg (wet weight). 

whereas the critical value for accipitersappears to be about 10 mg/kg. Although 

the critical level of dieldrin has not been established,. we considered 

concentrations in excess of 1. 0 mg/kg to be potentially hazardous. Estimated 

critical values for heptachlor epoxide and mercury in eggs were 1.5 mg/kg and 0.5 

mg/kg, respectively. 

Sharp-shinned and Cooper's Hawk eggs were highly contaminated, with ODE 

and (in one case) dieldrin levels often in excess of critical values. Buteos were 

generally lesscontarninated with ODE than accipiters, but a greater proportion 

of eggs contained elevated levels of dieldrin and heptachlor epoxide. A large 

proportion of Bald Eagle eggs contained ODE in excess of 6.0 mg/kg ODE, with 

maximum concentrations reaching 100 mg/kg. Many eagle eggs were also highly 

contaminated with dieldrin, heptachlor epoxide and mercury. Only one Golden Eagle 

egg contained significant chemical residues .(of dieldrin), whereas many of the 

Osprey eggs contained more than 4.0 mg/kg ODE, the critical value calculated for 

that speciee. 

Eggs of some falcone were highly contaminated. Most of more than three 
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hundred Merlin eggs ana1yzed contained ODE in excess of the critica1 value, and 

more than 10% of eggs a1so contained e1evated concentrations . of die1dr in, 

heptach10r epoxide and mercury. Concentrations of ODE in more than 60% of prairie 

Falcon eggs exceeded the critica1 1eve1 for that species. Die1drin, heptach10r 

epoxide. and mercury a1so exceeded critica1 values in a number of eggs. On1y one 

Gyrfa1con and one American Kestre1 egg were significantly contaminated (with 

die1drin, and heptach10r epoxide and die1drin, respec~ively). Peregrine Falcon 

eggs werehigh1y contaminated with ODE in excess of la mg/kg in more than 50% of 

eggs ana1yzed. Almost 25% eggs contained e1evated die1drin residues. 

Few owl eggs were marked1y contaminated. ODE leve1s were high in two Great 

Horned Ow1 eggs, and heptach10r epoxide levels weree1evated in two other eggs 

of that species. 

Temporal trends in residue 1eve1s were determined for severa1 species. In 

eggsof Swainson' sand Ferruginous Hawks in the Prairies, dieldrin declined 

whereas ODE and heptach10r epoxide did not change signif icant1y between the late 

1960s and the mid 1980s. In Merlin eggs collected in the Prairies over the same 

time period, die1drin and ODE dec1ined significantlybut heptachlor epoxide 

showed no consistent trend. In Prairie Fa1cons, aIl three compounds decline~. 
ODE egg 1eve1s havedec1ined significant1y in Peregrine Fa1cons over most 

of their range. Die1drin a1so dec1ined slightly, heptachlor epoxide increased; 

and other compounds showed no trend. In Bald Eagles from northern Ontario, only 

ODE dec1ined between 1968 and the mid 1980s, and in the arctic, dieldrin in e'ggs 

of Rough-legged Hawks declined. 
,~, 

A number of populations of Canadian raptors have experienced declines over 

the past half century that may be attributed to pesticides. The eastern race of 

the peregrine Falcon was extirpated from eastern North America, and Ba1d Eagles 

disappeared from the lower Great Lakes. In both cases, eggs· were highly 

contaminated with ODE, and productivity had been reduced to· ·virtually zero. 

A1though the evidence for other species is less convincing, it is possible that 

Osprey, Prairie Fa1cons, Merlins and Cooper's Hawks also experienced population 

dec1ines prior to the 1980s. Many of those species are present1y recovering. 

A few species, including Ferruginous Hawks, Red-.shou1dered Hawks, Barn Ow1s 

and Burrowing Ow1s, have exhibited population declin~s more recent1y. Current 

pesticide use may be affecting Burrowing Ow1s; other dec1ines have been large1y 

a~tributed to deterioration of habitat. 

Because they accumu1ate organoch1orine compounds and mercury, raptors can 

be used to monitor contamination of theterrestria1 (and in some cases aquatic) 
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environment. Moreover, because of their susceptibility to toxic effects, impaired 

health of raptors may be the firet indication of chemical damage to ecoeystems. 

Contaminant monitoring programs are likely to involve sampling of either: i) 

fresh eggs of a widely distributed common species, ii) analyses of specimens 

recovered from wild bird rehabilitation centres or museums, or iii) blood 

collection at raptor banding stations. In addition, specimens submitted to CWS 

for necropsy, which are s.uspected of being poisoned, and eggs or tissues 

collected as part of the protocol of specifie projects, will continue to be 

analyzed. 
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1.0 INTRODUCTION 

High molecular weight organochlorine pesticides are highly persistent in 

soil, water, and biota (Beyer and Gish, 1980) and have been found to accumulate 

in the upper levels of food chains (Risebrough et al., 1967; Newton, 1979). 

The welfare of raptors, which are at the top of food chains, is cause for 

concerne The adverse effeicts of persistent contaminants on thesurvival and 

reproduction of raptors have been extensively documented. The reported effects 

include eggshell thinning (Ratcliffe, 1970; Cade et al., 1971; Snyder et al~, 

1973; Newton and Bogan, 1974; Grier, 1974), embryonic mortality (Lockie et al., 

1969; Wiemeyer et al., 1975), abnorrnal parental behaviour (Fox, 1971; Hamerstrom, 

1986) and increased adu1t mortality (Koeman et al., 1969; Blus et al., 1983; 

Stone and Okoniewski, 1983). 

Increased adult mortality and/or reduced productivity may lead to population 

declines. In 1968, Hickey and Anderson were the first to report that many raptor 

populations in decline were experiencing eggshell thinning of at least 19\. 

Public awareness of the impact of toxic substances in the environment, has 

given impetus to contaminant monitoring and research programs. Since 1965, in 

response to suspected reproductive problems in sorne Canadian raptors (Fox, 1971; 

Grier, 1974; Peakall, 1976), the Canadian Wildlife Service (CWS) has been 

monitoring contaminants in raptor eggs and tissues col1ected in Canada. Much of 

the data collected prior to 1976 has been published (Fox, 1971; Keith and Gruchy, 

1972; Fimreite et al., 1974; Fyfe et al., 1976) but little has been reported 

since then. 

Since the publication of the pre-1976 data, CWS has continued to collect and 

analyze tissues of Canadianraptors for their contaminant burden. Moreover, new 

analytical techniques have resulted in the detection of additional compounds, 

previously unidentifiable. 

Most o~ganochlorine pesticides such as DDT, dieldrin and heptachlor, have 

been heavily restricted in Canadasince the early 1970s (Agriculture Canada, 

1970, 1976a, 1976b, 1976c). However, although restrictions on organochlorine use 

in the USA and Europe were also implemented in the early 1970s, there continue 

to be reports of'wildlife tissues with elevated levels of organochlorines, in 

those countries (Clark and Krynitsky, 1983; Burgers et al., 1986; Hunt et al., 
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1986; Blus et al., 1987). The sources of this contamination have been variously 

attributed to: 

i) illicit applications, 

ii) ,use of residual stocks, 

iii) uptake from persistent residues in soil (Clark and Krynitsky, 

1983), and 

iv) contamination of other chemical formulations (Blus et al., 

1987) • 

Another possible source is continued use in Latin America (Burton and 

Philogene, 1986; Inigo and Risebrough, 1989), where manyCanadian raptors winter. 

Raptors may be exposed to organochlorines in prey obtained during the winter, or 

in migratory prey returning from Central and South America in the spring. 

Atmospheric transport of organochlorines used outside North America is also 

a possibility. Organochlorines can vaporize and be carried to northern latitudes 

by prevailing air masses (Bidleman et al., 1989). Long-range transport in the 

atmosphere is considered to be the major vector oforgan6chlorine contamination, 

in the Canadian Arctic' (Norstrom et al., 1988). 

The main aim of this report is to present a summary of currently available 

CWS data, along with background information on pesticide use in Canada, acute and 

sublethal toxicities and sorne assessment of the status of Canadian raptor 

populations. It is not intended to be a comprehensive review of aIl compounds; 

the literature, nor a detailed analysis of the data. 

1.1 scope of report 

Table 1 lists the numbers of egg and tissue samples analyzed for each 

species, in each year from 1965 to 1988. Raptors in this report include aIl 

members of the ordersFalconiformes (vultures, hawks, eagles, ospreys, and 

harriers) and Strigiformes (owls) which breed in Canada and for which we have 

contaminant residue data. The paucity of data for many species indicates serious 

gaps in our knowledge of current or historical levels of environmental 

contaminants. 
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TABLE 1. Summary of raptor samples analyzed, 1965-1988. 

Species Sample Year 

66 67 69 70 ,71 72 73 74 77 78 79 80 81 82 83 84 8S 86 87 88 Tùlal 

Nortbern Eggs 4 5 
Goshawk Tissues - -

Cooper's Hawk Eggs 4 1 4 1 1 - 4 S 4 33 
Tissues 1 - - . . - 3 · - - . 4 
Blood - - - - - - · 3 1 1 5 

Sharp-shinnc:d Eggs 1 
~ 3 - · 3 3 3 13 . -

Hawk Tissues . 1 1 1 4 1 . 8 

Blood - - . . 4 36 46 38 124 

Red-tailed Hawk Eggs 23 18 6 2 . 49 
Tissues Z' 2' 1 - - 5 
BloOO - - - - 3 3 

Rc:d·should~rc:d Eggs 

T.t 
3 3 

Hawk , Tissues - -

! Swainson's Hawk Eggs 6 2 · - 1 3'" 5· 18 + 8 pool 
Tissues - - · 4' - - - - 17 

Ferruginous Eggs 8 13 2 27 l"~ \ " SO + 2 pool 
Hawk Tissues . P · 1()l - - 11 

Il ::~:-Iegged Eggs 2 8 1 2 1 - 2 20 
Tissues - 4' - . 2' 1 - 7 

Broad-winged ' Eggs -
Hawk Tissues -

Blood 2 2 

Raid Eagle Eggs 4 4 19 5 1 2 2 37 
Tissùes l' l' 3' - - - - 5 

• includes 1965 dalJl; x'-4 indicates max numberoftissues analyzed per specimen (cg. 3' indicales threedifferenl specimens, each with up to four tissues analyzèd); x"" indicatès numberofpools included in data S~I (.og, 
3'P indic ales three samples in dalJl sel, of which IwO are pools). 
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TABLE 1 continued. Summary of raptor samples analyzed, 1965-1988. 

Sp~cies Sample Yeu 

66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 Total 

Gold~n Eagl~ Eggs 2 4 3 6 5 2 22 
Tissu~s - - - 2' - - 2 

Ospr~y Eggs 2 10 1 2 1 1 17 
Tissu~s l' l' - - , - 2 

North~rn Hanier Eggs 2 1 20 - 23 
Tissues - 4' - - 4 
Blood - - - 2 2 

Merlin Eggs 3 21 42 28 73 31 33 26 43 12 18 - - 14 344 
Tissues P 32 - l' l' 2'- - - p - - - - - 9 
Blood - - - - - - - - - - 4 2 1 7 

Prairie Falcon Eggs 18 21 65 46 44 55 50 49 41 41 19 17 12 62• 482 + 2 pool 
Tissues - - 2' - 1 3' l' - 22 8' l' - - - 18 

Gyrfalcon Eggs 1 - 5 1 4 1 1 4 17 
Tissues - 2' 12 - - - - - 5 

American Kestra1 Eggs 6 3 3" 2" 9 + 5 pool 
Tissues - 2' - - 2 

P~r~grine Falcon Eggs 8' 15 8 12 2 2 9 11 7 8 6 4 6 7 16 16 8 7 3 8" l' 162 + 2 pool 
Tissuea 4 9" - .,. - 12 l' l' 2' - - - - - c l' - - - 12 - 29 

Turk~y Vulture Egga - -
Tissues 32 3 

Common Barn Eggs - -
Ow1 Tissues B 8 

Snowy Owl Eggs 1 1 
Tissues - -

, includcs 1965 data; x'''' indicates max number of tissues analyzed per specimen (eg. 34 indicates three different specimens, each with up to four tissues analyzed); x,. indicates number of pools included in data sct (cg. 
3" indicates thrce samples in data set, of which two are pools). . 
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TABLE! continued. Summary of raptor samples analyzed, 1965-1988~ 

Sp~ci~s Sampl~ Year 

66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 TOlal 

Gn:al Gn:y Owl Eggs 3 3 
Tissu~s -

Long-~aNd Owl· Eggs 2 3 4 9 
Tissu~s 2 - - 1 

Short-~aNd Owl Eggs - - 6 6 
Tissu~s l' 6' - 7 

Gr~al Hom~d Eggs 15 9 7 2 JJ 
Owl Tissu~s . l' .1 3 1 6 

Burrowing Owl Eggs 1 1 
Tissues 3' :1 

• includes 1965 data; Xl'" indicales max number of lissues analyzed per specim~n (eg. 3' indicales Ihree ditTer~nl specimens, each wilh up 10 four lissues analyzed); x,.. indicales number of pools includ~d in Jala Scl ("g. 
3" indicales Ihree samples in data sel, ofwhich Iwo an: pools). 
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Eggs, the majority of samples analyzed, were collected fresh early in the 

season, or unhatched at the end of the season. Unless indicated as a pooled 

sample, analyses are of individual eggs. We did not determine clutch means in the 

few cases where more than one egg of a clutch was analyzed. Results of analyses 

of livers, brains, whole bodies, subcutaneous fat, breast muscle, ovaries, and 

blood plasma are also included. 

Most of the data presented are of levels of organochlorines and mercury. The 

organochlorine contaminants included are: DOT,' 000, ODE, dieldrin, heptachlor 

epoxide (HE), mirex, beta-hexachlorocyclohexane (B-HCH), hexachlorobenzene, (HCB), 

polychlorinated biphenyls(PCBs) and oxychlordane (see Appendix 1). Occasionally, 

alpha-HCH, gamrnà-HCH, cis-chlordane~ trans-chlordane, cis-nonachlor, 

trans-nonachlor are mentioned where residue levels were noteworthy. 

No attempt has been made in this report to distinguish between different PCB 

congeners, although the toxic effects and pharmacodynamics differ markedly among 

the more than 200 possible congeners and isomers. ,Since 1987, PCB analyses of 

wildlife tissue have been"congener-specific. There are some results of analys.s 

for lead, but none for other industrial chemicals, other metals or radionuclides. 

Since the 1960s analytical methodology and technology have improved and some 

contaminants have only recently been detected. Although pre-1970 data were 

corrected for changes in techniques (see, Methods), comparisons of these data with 

those reported elsewhere should be undertaken with caution. 

Although the collection location was recorded to the nearest degree- minu,te 

block, most of the data are grouped in b,road geographic regions for ,the spatial 

comparisons. These regions were considered sufficient because most raptors move 

within relatively large areas and many species disperse widely outside the 

br~eding season. The five regions chosen were: i) the Atlantic provinces 

(Newfoundland, New Brunswick, Nova Scotia, and Prince Edward Island); ii) Quebec 

and Ontario; iii) the Prairie provinces (Manitoba, Saskatchewan, and Alberta); 
..' " , . 

iv) British Columbia (B.C.); and v) Northern Canada (the Northwest Territories 

and Yukon Territory). These are delineated on the map of Canada in Figure 1. 

Residuelevels in eggs and tissues o~ Canadian raptors are compared mainly 

with data from other North American studies, although a few species (eg. Osprey, 

Peregrine Falcon and Barn Owl) are globally distributed. 
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1 .. 2 organization of report 

Chapters 3 and 4 focus on the sources and pharmacodynamies of 

organochlorines and heavy metals in the terrestrial environment, and review their 

toxic effects in raptors. The results of the chemical analyses are summarized in 

Tables 3 to 9. We do not present the raw data, but provide the geometric means 

of seven major contaminants (ODE, dieldrin, heptachlor epoxide, oxychlordane, 

PCBe, RCB and mercury) for each period. These periode (1965-72, 1973~79, 1980-88) 

relate to organochlorine use, and were chosen to represent the i) 

pre-restriction, ii) immediately post restriction, and iii) the current 

situation, respectively. 

We attemptedto assess the toxic effects likely to result from the detected 

levels of contaminants in each species, based on the literature. We looked for 

any evidence that populations had declined, and whether this could be attributed 

to exposure to organochlorines or other contaminants. 

We also. looked· for any changes in contaminant residue levels since the 

timing of restrictions. There has not been a standardized monitoring scheme for 

raptors in Canada and most tissues and eggs were obtained opportunistically. 

Therefore, no single species that can be used to determine temporal or spatial 

differences· in contaminant levels. Nevertheless, because of the number of. species 

involved, and the diversity of geographical locations sampled, we believe that 

some general patterns have emerged. The section of the text ends with an 

evaluation of the use of residue levels in raptors to monitor environmental 

contaminants. 

Chapter 7 contains the species accounts, which discuss the contaminant 

residue levels detected in each epeciee, their toxicological significance and any 

temporal trends. Residue levels were compared with data from other studies, and 

related to diet, migratory behaviour and population status. There is, 

unavoidably, some overlap between the last and previoùs sections of the report, 

but the more comprehensive species accounts allow the reader to focus on a 

species of particular interest. 

In the appendices, we report mean levels of ten of. the more commonly 

detected contaminants (ODE, DDT, 000, dieldrin, heptachlor epoxide, oxychlordane, 

beta-RCR, RCB, PCBs and mercury) for each year of sampling. The appendices 
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provide more detailed data for each species, and are organized by year of 

sarnpling, location, tissue and condition of tissue. In addition to the geometric 

mean, the sarnple size, maximum and minimum values for each category are given. 

In many cases, more specifie information· about the earnple, (eg. a bird found 

starved in the nest) or the location (eg. Wager Bay, N.W.T.) is included. 

1.3 Disclaimer 

Although this report has been reviewed, there may still be errors in the 

appendices due to the sheer volume of data presented. Persons wishing to use the 

data from the National Registry of Toxic Chemical Residues presented in the 
, , 

appendicés sbould con~act Laird Shutt at (819) 953~4098 or at the address from 

which copies of the report may be obtained. 

2.0 METHODS 

2.1 Sources of data 

Data were retrieved by a search on selected species made on the CWS National,,_ 
..:.:.. 

Registry of Toxic _.5=hemical Residues (Elliott et 

reposit~ry for data on environrnental contaminants 

,', 

al., 1987), a computeriz_ed 
·4~ 

in Canadian wildlife. D~ta 

files for each species were created; with details of: location; date of 

collection; type of tissue; percentage lipid; percentage water; type of chemical 

analysis; and concentrations of selected contarninants. Data were checked against 

original documents, field collection sheets, and laboratory notes to confirm the 

condition (fresh, addled, or rotten) of eggs and other tissues. Detected errors 

were corrected. Results,of chemical analyses and collection information in CWS 

Internal Reports and Ontario Research Foundation Reports since 1981 were added 

to these databases, andalso verified against the original collection sheets,and 

lab notes. 
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202 sample collection 

In the 20 years covered by this report, field collection procedures varied 

with species, levels of investigation and reasons for collecting. 

Most eggs were collected opportunistically near the end of the breeding 

season, and therefore constitute a potentially biased sample of unhatched eggs. 

The eggs were classified during tissue preparation as: i) fresh (no sign of 

embryo development) i ii) addled (embryo unidentifiable); iii) rotten or infertile 

(no sign of embrYO)i or iv) unknown (unable to tell) or unreported. Eggs with 

detected embryo development were classified as nonviable, unless it was specified 

in the collection sheet data as a live embryo. It should be noted that an embryo 

may have died from causes other than embryotoxicity, suchas abandonment, 

freezing, or mortality of one of the adults. 

In sorne cases, eggs were collected early in the season in order to obtain 

samples more representative of the population. Unlike the eggs above, these 

should not be biased towards higher residues. 

Tissues were obtained by a variety of methods, including shooting, but most 

were from adults found dead (usually of unknown causes). Nestlings were found 

dead in or· below nests. Fat biopsies were taken from breeding birds; the 

technique is described in Enderson and Berger (1968). 

The selection of tissues for· analysis variedaccording to the reasons fo~ 

collection. Livers are the major site of toxic substance metabolism and are the 

first organs exposed following absorption from the gastro-intestinal tract 

(Sundlof et al., 1986). Breast muscle is the major portion of body mass, and 

therefore most closely represents whole body levels (Sundlof et al., 1986),' 

making it useful for estimating input from prey species. Brain concentrations of 

toxic substances have been correlated with clinical disease for the determination 

of lethal levels (Heinz et al., 1979). Fat concentrations of organochlorines 

represent levels of contamination at"the time the fat was laid down. 

Egg contents and tissueswere placed into acetone and hexane-rinsed glass 

jars with a chemically-cleaned foil liner between the lid and the jar, or wrapped 

in aluminum foil and stored frozen until analysis. 

Carcasses of birds were wrapped in solvent-rinsed aluminum foil and/or 

placed into polyethylene bags and placed in frozen storage at the National 

10 

1 
1 
'1 

1 
1 
1· 
1 
1 
1 
1 
1 
1 
1 
1 
1 



1 

1 
1 

1 
1 
1 
1 
1 
1 
1 

" 1 

Wildlife Research Centre (N.W.R.C.). 

Slood samples were obtained from' migrating raptors at selected banding 

stations in the spring and fall. A 1 mL sample of blood was removed by syringe 

from the brachial vein, transferred to a heparinized tube, and stored on ice 

until centrifuged. Plasma samples were frozen -400 C, until analysis, as 

described by Smrek et al., (1981). 

2.3Sample preparation 

Tissues were dissected using instruments chemically-cleaned with acetone and 

hexane. Soft tissuès including egg contents were homogenized in a Waringblender 

or Sorva1l Omnimlxer. Whole body samples were prepared by removal of the 

digestive tract, feathers, and hard body parts su ch as feet and beak, homogenized 

in a commercial meat-grinder, and further homogenized in a Waring blender as 

required. '~ 

2.4 Chemical analysis 
,'> i 

Data included iri this report dates from 1965. Prior to 1969, only ODE and 

dieldrin levels are·presented. Although the presence ot such compounds as DOT and 

000 were confirmed in many samples, the quantitative information was unreliable 

because of interference from PCS congeners. A method for separating peaks of PCSs 

from those of other pesticides was developed on behalf of CWS in 1969 (Reynolds, 

1969). Quantitative results for PCSs and other organochlorines are included 

subsequent to this date. A methodology review in 1979 revealed losses of 000, 

DDT, BCS, and oxychlordane of up to 50% during,vacuum oven drying., These losses 

. were found to be reproducible and correction factors were added to the registry 

and applied to aIl pre-1978 data. 

Prior to 1984, aIl analyses were carried out at the Ontario Research 

Foundation in Mississauga, Ontario, under contract to CWS. A, strict quality 

control program has been maintained (Turle and Norstrom, 1987). Analytical 
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procedures are described in Reynolds and Cooper (1975) and Norstromet al. 

(1980). Since 1984, sorne samples have been analyzed at the N.W.R.C. using similar 

procedures (Peakall et al., 1986). 

PCBs were quantified by capillary gas chromatography, and are presented as 

a 1:1 mixture of Aroclors 1254 and 1260, or as Aroclor 1260, as ls typical for 

presentation of residues in wildlife tissues (Reynolds, 1971; Norstrom et al., 

1978; Won and Norstrom, 1980). The 1:1 mixture can be determined since 14.643 pg 

of PCB 138 is equivalent to 200 pg of a 1:1 mixture of Aroclor 1254 and 1260. 

Aroclor 1260 has been determined from PCB 180 since 11. 63 pg is equivalent to 100 

pg of Aroclor 1260. However, due to differences in analytical methods, PCB levels 

prior to 1973 may not be comparable to those since 1973 (Turle et al., 1988). 

Since 1986, concentrations of 43 identifiable PCB congeners have been 

determined, but are not presented in this report. PCB congeners differ great1y 

in their toxicity and pharmacodynamies (Tanabe, 1988). Conversion factors are 

being developed which may permit estimation of the total sum of congeners from 

the 1.:1 ratio (Turle, CWS, pers. comm.). 

Total mercury wa.s determined by wet digestion followed by flameless atomic 

absorption spectrophotometry (AAS) (Fimreite and Reynolds, 1973). Methodologyfor 

detection of lead involved freeze-drying followed by low temperature ashing and 

treatrnent with nitric acidjhydrogen peroxide. Concentrations were then determined 

by flame or flameless AAS. National Bureau of Standards bovine.liver Standard 

Reference Material was used 'for quality assurance purposes. 

2.5 sample storaqe 

The remains of most of the CWS specimens included in this report are 

retained in the CWS National Specimen Bank (Elliott, 1984). Samples were stored 

at about -25°C until 1981, at which time the collection was transferred to a 

-40°C storage facility. Somerecent material is stored.at -80°C. 
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2.6 Data analysis 

Data in this report are presented on the basis of mg/kg, wet weight (w.w.). 

Reporting of residue levels on a wet weight basis is preferred for eggs because 

moisture content has been found to be less variable than lipid content during 

embryo development (Peakall and Gilman, 1979). Eggs which were dehydrated(Le. 

the moisture content was less than.60%) were not included in the analyses of 

means. Residues in other tissues were also reported on fa wet weight basis. 

As residue concentrations are usually skewed but commonly exhibit a log 

normal dist.ribution (Ohlendorf et al., 1978), data are presented as geometric 

means. If a particular compound was not identifiable by techniques available at 

the time of analysis, those samples were not included in the calculations. When 

a chemical was analyzed for, but not detected, a value of one half the detection 

limit was entered (0.0005 mg/kg for most organochlorines) .. Geometric means were 

calculated from samples collected for the same species, tissue, years or groups 

of years, and general loè'ations. 

For most datasets, temporal or spatial differences could not be analyzed 

statistically because of the patchiness of sample collections. Where appropriate,'-' 

statistical analyses were conducted using SAS and SPSS routines on a micro 

computer. We used ANOVA (with Student-Neuman-Keuls multiple comparisons) 01:'

student t-test (Sokal and Rohlf, 1981) to test for differences in geometric mea~s . 

among years, or (rarely) among geographical regions. For a few species, itle 

general linear model test was used to identify the direction of significant 

temporal trends. 

2.7 Determining the status of raptor populations 

Changes in the population status of raptors can be. difficult to detect. 

Methods of censusing raptors were reviewed by Fuller and Mosher (1987). The main 

sources of data on population trends are counts along migration routes, Christmas 

Bird Counts, and .regular monitoring of populations by a variety of techniques 

ranging from aerial surveys to detailed breeding studies. Counts of all raptors 

(except owls) are made annually dur ing migration at a number of locations in 
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North America, where their movements are restricted by large bodies of water or 

mountain ranges (Heintzelman, 1986). Of the more than. 100 such sites, Hawk 

Mountain, Pennsylvania, and Cape May, New Jersey, are among the best known. In 

the Great Lakes region, migrating raptors are monitored at Beamer and Hawk Cliff, 

Ontario, Derby Hill, New York, and Duluth and Whitefish Point, Michigan. Data 

from these counts can be used to determine trends if certain assumptions, such 

as no overall changes in migratory paths or height of flying, are met, and 

observer effort and weather data are standardized (Sattler and Bart, 1984). 

Long-term population trends can also be estimated from Breeding Bird Surveys 

(BBS), a program of annual checks of the numbers of breeding birds recorded along 

selected transects in North America (Robbins et al., 1986). Bald Eagles, 

Haliaeetus leucocephalus, and Ospreys, Pandion haliaetus, which have large 

conspicuous nests, have been censused by aerial counts in many regions of Canada 

(Gerrard and Ingraham, 1985). However, nests of many of the woodland species, 

such as accipiters,can be difficult to locate, and less is known of the status 

of these species. 

We would also like to point out that information on the population status 

of many Canadian raptors is scarce, and most status assessments are not 

conclusive. This highlights the need for more reliable methods ofassessing the 

status of.raptor populations. 

2.8 Comments on interpretation of data 

As noted previously, the absence of a particular chemical does not mean it 

was not present. The analytical techniques to separate a particular compound may 

not have been available, or the presence of an interfering substance may have . 
masked its presence. Values close to the detection limits are the least reliable. 

Differences among laboratories performing the CWS analyses also introduce a 

possible bias, although the quality assurance procedures should minimize this 

problem (Turle and Norstrom, 1987). This consideration is particularly important 

in comparing the residue values reported here with data reported inother 

publications. If eggs or other tissues were not prepared and stored using the 

methods described above, samples may have deteriorated to a point that chemical 
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analyses would not be valida Values are presentèd on a wet weight basis and most 

organochlorines are highly lipophilic. Therefore, the percentage fat is an 

important consideration in interpretation of results, particularly for tissue 

samples (see Appendices). 

3.0 SOURCES OF ORGANOCHLORINES AND HEAVY METALS IN RAPTORS 

3.1 Pesticide use in Canada 

Organochlorine pesticides, iricluding DDT, dieldrin, aldrin, heptachlor, and 

chlordane, wereused extensively in Canada for control of agricultural and forest 

in sect pests and in households. Pesticides that are applied to the soil may 

p~rsistfor many years (Beyer and Gish, 1980) contaminating local invertebrates 

and entering aquatic systems in run-off. Aerial application ofchemicals (such 

as DDT) facilitates atmospheric transport and may result in contamination of the' 

avifauna of much larger areas. 

3.1.1 DDT and metabolites 

More than seven million kg of DDT were used for spruce budworm control in 

Quebec and New Brunswick from the early 1950s until the late 1960s (Nigarn, 1975). 

In Ontario, DDT was applied to tobacco, vegetable~ and fruit crops in the control 

of cutworrns and other insect pests. Other usesincluded control of biting flies 

on livestock, and around lakes in recreational areas. Nationwide restrictions on 

DDT use were first imposed in th~ late 1960s, with further restrictions in 1971 

and 1975 (Agriculture Canada, 1976c). A few.remaining minor uses of DDT in 

Ontario were finally revoked in 1988~ 

A potential sour,ce of ODE in raptors is Kelthane, which contains the active 

ingredient dicofol. An acaracide used mainly on fruit crops, Kelthane has been 

found to contain DDT impurities in the formulation, which may be metabolically 
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converted to DDE (Risebrough et al., 1986). Although the permitted DDT content 

was significantly reduced by the end of 1988 (Schwarzbach et al., 1988), Kelthane 

may be a contributing source uf. DDT and DDE detected in species such as American 

Kestrels" Falco sparverius, breeding in,orchards in Southern Ontario. 

Dieldrin 

Dieldrin and its parent compound, aldrin, were also used extensively in 

Canada until the early 1970s, mainly as soil insecticides for vegetables and 

lawns in Ontario (Frank et al., 1975) and for seed treatment and wireworm control 

in the Prairie provinces (Fyfe, 1973). It was also sprayed on many crops in the 

Prairies during the late 1950s to control grasshopper infestations (Fox, CWS, 

pers. comm.). Restrictions on use came into effect in 1970 in Southern Ontario 

(Agriculture Canada, 1976b), and in 1973-74 in the Prairies (Fyfe, 1973). By 1978 

ail uses except for control of 'subterranean termites and Japanese beetles had 

been suspended. 

3.1.3 Heptachlor 

Heptachlor was widely used on agricultural crops until 1970, when it was 

restricted to soil and seed treatment. In 1976 most uses of technical heptachlor 

were cancelled (Agriculture Canada, 1976a), although technical chlordane (which 

contains up to 8% heptachlor) continued te be used. 

3.1.4 Chlordane 

Technical chlordane became popular in the 1970s following restrictions on 

most other organochlorine insecticides. It was used in Canada primarily for 

control of soil pests such as Corn Rootworm and Strawberry Root Weevil (N.R.C.C., 

1981). Although sorne uses were cancelled in 1978, it was widely available until 
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1986 as a household insecticide. It is still registered for subterranean termite 

control. 

3.1.5 Mirex 

Mirex has never been registered as a pesticide in Canada, but was found as 

a contaminant in industrial effluent entering Lake ontario in the 1970s. Plants 

using mirex as a flame retardant in the manufacture of plastics, fabrics, and 

electrical components were apparently the source (Norstrom et al. 1980). 

3.1.6 HeXachlorobenzene 

Hexachlorobenzene (HCB) was used as a fungicidal seed treatment in' Can,ada 

until 1970. It also occurs along with other chlorinated benzenes as a byprod~ct 

of pulp-bleaching and other industrial processes (Hallett et al., 1982). -, 

3.1.7 ,BHC and lin~ane 

The insecticid~ BHC is a mixture of alpha- and beta-HCH isomers, and was 

widely used in Canada until 1970 when restrictions came into effect (Agriculture 

Canada, 1970). The original formulation has been replaced with lindane (which 

containe atleast 99% gamma-HCH). Lindane is' used mainly as an insecticidalseed 

treatment for wheat. It is also used on ornamentals, for log boring pests, to 

control lice, ticks and fleas on livestock, and as a household insecticide 

(Jessiman, 1989). 
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Endrin and toxaphene 

Two other organochlorine pesticides have been found in Canadian wildlife. 

Endrin was used as a rodenticide in Alberta. Production was discontinued in 1989 

and its use is currently restricted to controlling cutworms on cereal crops and 

potato pests (Agriculture Canada, 1990). 

In Canada, toxaphene was used in fish eradication programs until the late 

1960s, and to some extent as an insecticide on vegetable crops (Eisler and 

Jacknow, 1985). Agricultural applicationswere restricted first in 1970 and 

further in 1980. The standard analytical procedures carried out on most of the 

samp1es analyzed by CWS in the past did not a110w quantification of this 

compound. However, recent findings of relatively high levels of toxaphene in eggs 

of Leach' s storm-petrels from both Canadian coasts (Elliott et al., 1992a) 

suggest that significant amounts may be accumulated by some birds. 

3e2 Pesticide use in the U.S.A. 

Patterns of organochlor,ine pesticide use ,in the U.S.A. ,were similar to those 

in Canada, a1thoughthe aggregate amounts; used were.'about' an order 'of magnitude. 

higher. 

DDT (which was used in forestry, agriculture, and in municipalities) was 

banned by the Environmental Protection Agency (EPA) in 1972 except for a few 

minor uses. Its use was occasionally permitted in special circumstances, as in 

the control of a Tussock moth outbreak in the northwestern states in 1974 (Henny, 

1977). DDT was also manufactured in the U.S.A. although none of the factories are 

currently active. Water bodies adjacent to these sites are still contaminated 

above background levels (Fleming et al., 1983), and may be acontinuing source 

of contamination to wi1d1ife. As in Canada, dicofol (Kelthane) containing DDT 

impurities (Brown et al., 1986) was used on ornamentals and in orchards until 

recently. 

Dieldrin, used mainly in the control of soil pests, was banned in the 'U.S.A. 

in 1975 (U.S •. Environmental Protection Agency, 1979). Technica~ chlordane was 

used widely until 1980, when it was registered only for subterranean termite 
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control. Use of technical heptachlor for seed treatment was permitted in many 

states until 1982 (Henny et al., 1983). 

Mirex was used as a pesticide in the control of fire ants, and industrially 

as a flàme retardant in the manufacture of electrical components and plastics. 

In 1978, the E.P.A. banned all uses of mirex, but discharges from former 

factories were still contaminated in the early 1980s (Eisler, 1985). 

Endrin is used mainly to control cutworms, potato beetles, and grasshèppers. 

It was banned east of the Mississippi in 1979, but was still registered for use 

on cereal crops in the western states until at least the early 1980s 

(Schladweiler and Weigand, 1983). 

Toxaphene was used widely in the U.S.A. to control pests of cotton and 

vegetable crops. Most registered uses were cancelled by.the U.S. E.P.A. in 1982 

(Eisler and Jacknow, 1985). 

3.3 Pesticide use:inLa~in America 

Use of organochlorine pesticides in Central and South America has been 

suggested as a source of the continuing high levels of these compounds in 

migratory raptors or in their migratory prey (Enderson et al., 1982; Henny et 

al.,.1982; Springer·et al., 1984; DeWeese et aL, 1986). i::i 

Many of the organochlorine pesticides (such as DDT, dieldrin, ànd 

heptachlor) were still in use in Latin America during the 1980s, although a few 

countries had introduced restrictions (Burton and Philogene, 1986). Of the 

persistent chlorinated pesticides discussed in this report, DDT, BHC, and 

toxaphene were used in the largest quantities. However, usage has declined more 

than· 20% since 1978 as organophosphates and carbamates have replaced 

organochlorines. 

Brazil is the primary user and manufactures more than 50% of the pesticides 

locally. Although DDT and BHC were used on a large scale, there have been 

attempts to replace these with synthetic pyrethroids. Mexico and Venezuela are 

the . next largest users; but most organochlorine insectic ides (DDT, aldr in, 

endrin, heptachlor, mirex, and chlordane) were restrictèd or cancelled in 1980 

and 1984, respectively. Ecuador and Peru have also prohibited some uses of DDT 
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and other organochlorines. 

Sorne countries in Central America imposed restrictions on the use of 

organochlorines during the early 1980s. However, overall DDT use was comparable 

to that of Mexico or Brazil (Burton and Philogene, 1986). 

other pesticides 

Although they are generally much less persistent, there have been sorne 

reports of raptor mortality dueto currently used pesticides such as famphur 

(Franson et al., 1985) and carbofuran (Balcomb, 1983). Secondary poisoning of 

raptors by acute rodenticides (1080, strychnine) have occurred frequently, but 

the newer anticoagulant rodenticides probably pose little risk to most raptors 

(Kaukeinen, 1982). 

3.5 contaminants oriqinatinq from indus trial processes 

A wide variety of contarninants enter the environment through industrial 

effluent, combustion, equipment ieakage, incineration, spills, and leaching from 

dump sites. Only PCBs and HCB are included in this report. Other compounds 

detected in raptors include chlorinated styrenes (Reichel et al., 1974) and 

diphenyl ethers (Stafford, 1983) and fluor ide (Bird et al., 1989). Recently found 

in Bald Eagle eggs collected from nests near the strait. of Georgia, B.C. 

(Elliott, unpubl. data), dibenzo-p-dioxins and dibenzofurans have been detected 

in a number of fish-eating birds in Canada (Elliott et al., 1987). 

3.5.1 PCBs 

PCBs are industrial chemicals with a wide range of uses, but appear 

primarily in closed-circuit electrical and heat transfer systems (Nisbet and 

Sarofim, 1972). The main American producer, Monsanto, reduced its output in 1970, 
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and aIl manufacture of PCSs was banned in North America in 1977 (Canadian Council 

of Resource and Environment Ministers, 1986). Nevertheless, PCSs in existing 

transformers and from other sources continue to enter the environment. PCSs are 

particularly prevalent in marine and freshwater systems because they readily 

partition into water from air and undergo accumulation at each level of the 

marine food chain (Tanabe, 1988). HCS is another widespread industrial 

contaminant that occurs, alàng with other chlorinated benzenes, as a contaminant 

in industrial effluent. 

3.6 Heavy metals 

Metals are naturally occurring elements; however, human activities may 

increase environmental levels in some areas to concentrations toxic to biota. 

Only mercury a'nd lead have been weIl studied with respect to their toxicity to 

raptors. 

3.6.1 Mercury 

Since' the 1940s, mercurial seed dressings (fungicides) were us'ed 

extensively, particularly in the Prairie provinces. Due to dangerously h,i?gh 

levels detected in gamebirds and their predators in Canada and elsewhere, its 

registration for this use was discontinued in 1970 (Fimreite, 1974). 

However, most mercury input to the environment comes from. industrial and 

municipal discharges and atmospheric emissions. Prior to 1970, chlor-alkali 

plants released large amounts of mercury to rivers and coasts across Canada 

(Fimreite, 1974). Mercury discharge was reduced by more than 90% durin'g the 

1970s, as legislation was brought into 'effect. Other sources include coal

burning plants, smelters, mines, municipal wastewater treatment plants, and pulp 

and paper mills. Recently, mobilization of mercury in areas flooded by 

hydroelectricdevelopment has been shown to be a local source of high levels of 

mercury in fish (Sodaly et al., 1984). 
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Lead 

The main anthropogenic sources of lead to the environment include automobile 

emissions (now reduced); lead smelters, thermal power plants, base metal mines, 

and sewage sludges (Eaton et al., 1986). Another major source of lead to raptors 

is lead shot in crippledor injured prey, particularly waterfowl (Pattee and 

Hennes, 1983). 

Other metals 

Other metals which are potentially toxic to raptors and which enter the 

environment from anthropogenic sources include aluminum, arsenic, cadmium, 

copper, chromium, molybdenum, nickel and selenium (Scheuhammer, 1987; Wiemeyer 

et al., 1987). 

4.0 TOXICITY OF ORGANOCHLORINES AND HEAVY METALS TO RAPTORS 

Considerable evidence. has been accumulated on the toxic effects of 

organochlorines and mercury on raptors, particularly fish and bird-eating 

species. Most of these studies have been done in the field, and show significant 

correlations between concentrations of residues found in tissues or eggs, and 

measures of reproductive performance, survivorship, or population trends. 

Studies where sublethal effects were experimentally induced in raptors have 

. generally been restricted to a few species easily bred in captivity (i. e. 

Amer ican Kestrels, Barn Owls, and Screech Owls). However, there have been 

exceptions. In one study with prairie Falcons, dosing of wild birds was achieved 

by tethering contaminated prey species in their territories (Enderson and Wrege, 

1973). In a study of Red-tailed Hawks, Buteo jamaicensis, and Golden Eagles, 

Aquila chrysaetos,by Seidensticker (1968), wild nestlings were dosed. 

Toxicological studies using rapt ors are summarized by Peakall (1987). 

Furthermore, there is an extensive body of literature on the experimentally

induced toxicity of organochlorines and mercury to other bird species (primarily 
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poultry, quail, Mallards, doves, blackbirds, starlings and cowbirds). These 

studies were used as a basis in interpretation of the potential risks of the 

detected residue· levels of environmental contaminants to raptors. 

4.1 Acutetoxic effects 

Raptors are usually at the top of terrestrial food chains, a position which 

is likely to exposethem to high concentrations of bioaccumulative environmental 

contaminants in their prey. During the era of intensive pesticide use in 

industrialized countries, many raptors were found dead or dying with symptoms 

consistent with pesticide poisoning (prestt et al., 1968; Koeman et al., 1969). 

Symptoms of poisoning include erratic behaviour, tremors, convulsions, and 

paralysis. Pathological signs include neurological damage, liver and skin 

lesions, enlarged livers, and severe emaciation. 

The lethal or hazardous ranges of contaminants in brains (summarized ,in 

Table 2), have been established in laboratory studies with birds. As most raptors 

can be maintained for a short time in captivity, acute toxicity has been 

investigated in a wider variety of species. These include.Red-tailed Hawks, Bald ~" 

Eagles, Goshawks, and AmericanKestrels. 

Cyclodiene insecticides are themost toxic. Dieldrin at brain residue levels 
. ~ 

greater than 4.0 mg/kg (Stickel et al., 1969; Ohlendorf et al., 1981-); 

oxychlordane at brain levels between 1.1 and 5.0 mg/kg; and heptachlor epoxide 

at brain levels of 3.4 to 8.3 mg/kg, were lethal to captive birds (Stickel et 

al., 1979) ~ Blus et al. (1984) reported mortality of Canada Geese with brain 

levels of heptachlor epoxide greater than 8.0 mg/kg (w.w.). Cooke et ai. (1982) 

considered 3 to 10 mg/kg (w.w.) cyclodienes in the liv.ers of raptors to be 

lethal. 
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TABLE 2. Summary of criticallevels (in mglkg, wet weight) of major 
environmental contaminants in eggs, brains and livers of raptots. 

Contaminant Level (mglkg) diagnostic of: 1) acute toxicity 
. Brain Liver 

Dieldrin 

Oxychlordane 

Heptachlor epoxide 

DDE 

PCBs . 

HCB 

Mercury 

Lead 

a SHekel et al, 1969 
b Cooke et al, 1982 

>5.0 a 

1.1-5.0 d 

3.4 -8.3 d 

250 f 

500-3000 h 

C Loekie et al, 1969; Wiemeyer et al, 1975 
d Stiekel et al, 1979 
e Henny et al, 1983 
f Stiekel et al, 1984 
9 Fyfe et al, 1988; Lineer, 1975 
h Heath et al, 1972 
i Hoffman et al, 1987 

. j Boersma et al, 1986 
k Seheuhammer, 1987 
1 Fimreite, 1971; Heinz, 1979 
m Pattee et al, 1981 

3-10 b 

3-10 b 

3-10b 

lOOb 

20-45 k 
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2) reproductive effects 
Eggs 

> l.Oc 

> ISe 

> 5.0 j 
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Dieldrin has been implicated in the mortality of many raptors in North 

America, including: Bald Eagles (Belisle et al., 1972; Kaiser et al., 1980); a 

Peregrine Falcon, Falco peregrinus, from North Carolina in 1973 (Reichel et al., 

1974) i Red-.shouldered Hawks ,Buteo lineatus, in Florida (Sundlof et al., 1986) i 

and a Cooper's Hawk Accipiter cooperii, a Great Horned Owl Bubo virginianus, a 

Screec,h Owl Otus asio, and a. Barn Owl Tyto alba in New York (Stone and 

Okoniewskl,· 1988). Mortality was attributedto dieldrin where brain residues of 

this compound were greater than 4.0 mg/kg (w.w.), and where other contaminànts 

were below 1evels associated with acute toxicity. However, brain levels of 

dieldrin as low as 1.0 mg/kg triggered fasting, which led to death in cowbirds 

(Heinz and Johnson, 1982). 

Elevated levels of heptach1orepoxide (9.6 mg/~g) in the brain of a banded. 

adult Merlin, Falco columbarius, from Alberta found dead ih New Mexico in 1974 

were considered responsible for its death (Henny et al., 1976). ODE residues in 

the brain (178 mg/kg) were also high. 

Thefirst records of chlordane-related mortality of raptors were reported 

by Blus ,et al. (1983). Two Red-shouldered Hawks and one Great Horned Owl were 

found dead in the U. S.A. with 'lethal concentrations of oxychlordane and 

heptachlor epox.i.de in their br·ains. Of the other organochlorines detected, onl::{ ff 

dieldrin approached levels that may have contributed to mortality. In Oregon, the 

deaths of three Golden Eagles, an American Kestrel and a Rough-legged Hawk, Butéo 

lagopus, were attributed to heptachlor epoxide (Henny et al., 1984). Eitner 

oxychlordane or heptachlor epoxide were considered to be principle agents in the 

deaths of Great Horned. Owls, Cooper's Hawk, Sha~p-shinned Hawk Accipiter 

striatus, Screech Owls and a Goshawk, Accipiter gentilis, in New .York between 

1982 ,and 1986 (Stone and Okoniewski, 1988). 

The DDT compounds are 1ess acutely toxic than the cyc1odienes, with lethal 

brain values of 10 mg/kg for DDT, 50 mg/kg for 000, and greater than 250 mg/kg 

for ODE, all wet weights (Stickel et al., 1970). American Kestrels ona diet 

containing 2.8 mg/kg ODE died eventual1y with brain levels of 200 to 300 mg/kg 

ODE (Porter and Wiemeyer, 1972). Cooke and co-workers (1982) considered 100 mg/kg 

(w.w.) ODE to bethe lethal threshold in the liver. Prout y and co-workers (1982) 

i"eported DDT poisoning in a Cooper' s Hawk col1ected in Maryland in 1980. An 

American Kestrel found dead in New York had acutely toxic levels of both dieldrin 
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and DDT (Stone, 1981). Two of 20 Great Horned Owls examined in New York were 

considered to have been poisoned by either ODE, dieldrin, or PCBs (Stone and 

Okoniewski, 1983). 

In etudies on laboratory species, Heath and Spann (1973) found mirex to be 

toxic at brain concentrations close to 200 mg/kg. There have been no reports of 

wi1d raptors dying due to mirex poisoning (Eis1er, 1985). 

Traditiona11y, PCB compounds were considered to be among the 1east acute1y 

toxic of the organoch10rines, with 1etha1 ranges in the brain ranging from 500 

to 3000 mg/kg (w.w.) (Heath et al., 1972). This wae 1ater updated in a study by 

Sticke1 et al. (1984), which found brain 1eve1s greater than 280 mg/kg of Aroc10r 

1254 to be diagnostica11y 1etha1 to passerines. 

The above values. are based on studies on commercial mixtures of PCBs such 

as Aroc10rs 1254 and 1260. $ome cop1anar PCB congeners, which have structures 

simi1ar to the po1ych10rinated dioxins, are extreme1y toxic (Tanabe, 1988). 

A1though these compounds. are fortunate1y rare in commercial mixtures,. their 

extreme toxicity makes ·even minuscule amounts a problem. A study of the relative 

toxicities of different PCB congeners showed that American Kestre1s (E11iott et 

al., 1991) were considerab1y 1ess sensitive than Japanese.Quai1 (E11iott et al., 

1990) to the effects of congener 124 (3,4,3',4',5'-PCB) on 1iver enzymes and 

induction of porphyria. 

There is one report of PCB poisoning in a wi1d raptor. In 1981, stone and 

Okoniewski (1983) found a dying Great Horned Owl in New York, which contained 

more than 300 mg/kg PCBs in its brain. 

Mercury appears to be acute1y toxic to birdsof prey where brain 

concentrations exceed 15 to 20 mg/kg (w.w.), or 1iver concentrations exceed 20 

to 50 mg/kg (w.w.) (Scheuhammer, 1987). Patho10gica1 symptoms inc1ude ataxia, 

weight 10ss, muscu1ar atrophy, nerve ce11 degeneration, demye1ination, and 

swe11ing of axons of mye1inated nerves. Many European raptors died in the late 

1960s due to ingestion of seed-eating prey heavi1y contaminated with mercury from 

seed-dressings (Borg et al., 1969). 

In experiments on Red-tai1ed Hawks, Fimreite and Karstad (1971) found that 

mercury 1eve1s in 1ivers of birds that died averaged 20 mg/kg (w.w.). In American 

Kestre1s, Koeman et al. (1971) found 45 mg/kg (w.w.) to be the lethal liver 

1evel. The fatal brain leve1 of methy1mercury in Goshawks was between 30 and 40 
" 
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mg/kg (w.w.) (Borg et al., 1970). In a recent study on Zebra Finches 

(Scheuhammer, 1988), neurological signs .indicativ~ of methylmercury intoxication 

did not develop until mercury concentrations of 15 mg/kg (w.w.) or greater had 

accumulated in the brain and at leaat 40 mg/kg (w.w.) in the liver and kidney. 

Although the lethal tissue levels are relatively similar among species, 

accumulation of methylmercury varies widely. Chickena and pheasants, for example, 

were found to tolerate much higher mercury concentrations in the diet than 

passerines (Finley et al., 1979). Another factor is the amount of dietary 

selenium, which affords protection from the toxic effects of mercury in many 

birds (Scheuhammer, 1987). 

Lead poisoning has been diagnosed in a number of raptors, including Bald 

Eagles (Kaiser et al., 1980), a Pr.airie Falcon (Benson et al., 1974), and Red

tailed Hawks and a Goshawk (Redig et al., 1980). Pattee and co-workers (1981) 

found liver lead concentrations above the 10 mg/kg (w.w.) levels in Bald Eagles 

indicative of acute lead exposure, often associated with lead shot in the 

digestive tract. A recent study ofblood ALA-d activity in Bald Eagles from B.C. 

showed a significant degree of lead poisoning in birds brought to veterinariahs 
-

and rehabilitation centres (Elliott et al., 1992b). 

4.2 Influence of energetic demands on toxic effects 

The levels of environmental contaminants in a bird are influenced by its 

physiological state. Organochlorines are lipophilic meaningthei' are concentrated 

in the fat component of tissues. Circumstances whic~ increase the energetic needs 

of the bird may cause stored lipids to be metabolized, releasing the stored 

lipophilic contaminants into the bloodstream (VanVelzen et al., 1972). The 

increased residues in the blood are transported throughoutthe body, including 

to . the brain. This scenario has been used to expla1n the rapid rise in 

concentrations of toxins in the brain when birds are stressed, sick or starving 

(Barbehenn and Reichel, 1981). 

Long-distance flight can be an energetically costly activity, and some 

raptors lose considerable weight during migration (Newton, 1979). Although 

migrating birds may initialiy be carrying low concentrations of organochlorines, 
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metabolism of stored lipids may increase contaminant concentrations in other 

tissues to lethal levels. Extremely high levels of organochlorine contaminants 

in the brain of a Merlin banded in Canada and found dead in New Mexico, were 

thought to be the result of mobilization of stored lipids during migration (Henny 

et al., 1976). 

Other factors influencing contaminant levels through changes in lipid levels 

include the physiological demands of incubation and provisioning of nestlings, 

as weIl as stress caused by disease or in jury. 

~o3 Sublethal effects of environmental contaminants 

The sublethal effects of organochlorines on raptors have been extensively 

documented, particularly in terms of effects on reproductivè success. 

4.3.1 DDE 

DDE concentrations in eggs have shown a high correlation with eggshell 

thinning and reproductive ·failure in a number of raptors, including: Cooper's 

Hawks (Snyder et al., 1973); European Sparrowhawks (Newton and Bogan, 1974); 

American Kestrels (Lincer, 1975); Merlins (Fox, 1971; Newton et al., 1982); 

Peregrine Falcons (Cade et al., 1971; peakall and Kiff, 1979); prairie Falcons 

(Enderson and Berger, 1970); California Condors (Kiff et al., 1983); Harriers 

(Odsjo and Sondell, 1977); Bald Eagles (Wiemeyer et al., 1984); and Ospreys 

(Wiemeyer et al., 1988). 

DDE in the female reduces eggshell thickness through interference with 

calcium pharmacodynamies during egg-formation (Peakall et al., 1975). The exact 

mechanism has still not been established (Risebrough, 1989). Cooke (1973), in a 

comprehensive review of suggested mechanisms of eggshell thinning, concluded 

that: 1) the primary factors were reduced availability of calcium and carbonate 

ions; 2) mariy factors, including thyroid defects and calcium transport in blood 

could be involved; and 3) mechanisms probably differed among species, due to 

differences in eggshell structure. Enzyme inhibition was also suggested by Bird 
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et al. (1983), who showed that ODE caused no change in blood calcium levels, but 

was associated with reduced levèls of carbonic anhydrase and calcium ATPase, in 

American Kestrels. 

Thin shelled eggs are less viable for a numberof reasons, mainly related 

to reduced strength. Hairline cracks may result in loss of moisture, bacterial 

infection, or destruction of the egg by the parent detecting the abnorma,li ty. Not 

only'thickness, but shell structure is affected. A number of studies (Fox, 1976; 

Cooke et al., 1976; Springer, 1980) detected higher incidences of structural 

abnormalities in eggshells of egg9 wlth elevated ODE levels. These microscopic 

structural defects affect the strength, porosity and therefore viability of the 

egg. High rates of breakage may be an indication that significant eggshell 

thinning is occurring. 

The degree of eggshell thinning is determined by comparing the eggshell 

thickness of the sampled egg to that in eggshells obtained prior to 1947. 

Widespread use of DDT began in 1947, and abrupt decreases in eggshell thickness 

of many species occurred in that year (Newton, 1979). Many researchers use the 

Ratcliffe index (weight of shelljlength x width), which is closely correlated 

with measured eggshell thickness. However, despite this correlation, exclusive 

use of the Ratcliffe index has been criticized byMoriarty et al. (1983), who 

claimed that it did not take into account changes in egg size or shape. These 
''1 

problems can be resolved to sorne extent to measuring the shell thickness 

directly, with a micrometer. 
.. ?,. 

Furthermore, as thickness isinfluenced by a number of environmental and 

genetic factors (including the availability of calcium, natural variation in the 

population, the sequence of laying, and the size of the egg) , large sample sizes 

are required. 

Although ODE has been found to cause eggshell thinning in all rapt ors 

9tudied, the sensitivity to OOE-induced eggshell thinning varies among species. 

Fyfe et al. (198,8) examined the relationships between ODE, eggshell thickness and 

productivity, within the genus Falco. As in other studies (Hickey and Anderson, 

1968; Blus et al., 1971; Snyder et al., 1973; Lincer, 1975), they found a 

'sigriificant linear relationship between decreasing eggshell thickness and the 

logarithm of ODE concentrations in eggs. However, there were interspecific 

differences in the "threshold" level of ODE, below which there is little 
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détectable change in eggshell thickness from the pre-1947 levels. prairie Falcons 

and Merlins were the most sensitive, exhibitingdecreases in eggshell thickness 

at ODE concentrations greater than 0.3 mg/kg (w.w.). American Kestrels were not 

affected until ODE levels in eggs attained at least 1.0 mg/kg (w.w.). The 

relationship between eggshell thickness and ODE residues in the egg var ied 

somewhat among. species of Falco (Fyfe et al., 1988). Even at high ODE 

concentrations, however, Prairie Falcons and Merlins were more affected than 

either Peregrine Falcons or American Kestrels. 

There are interspecific differences in the relationship between eggshell 

thinning and productivity. In spite of a similar response to ODE, the 

productivity of Prairie Falcons was more affected by eggshell thinning than that 

of Merlins (Fyfe et al., 1988). Prairie Falcon productivity was affected by 8% 

eggshell thinning and no young were produced when eggshell thinningreached 14%. 

Application of the regression equation suggests that in Prairie Falcons, the 

minimum level of ODE in eggs likely. to have an affect on productivity is 1.2 

mg/kg (wet weight), and that virtually no young will be produced from eggs with 

more than 3.0 mg/kg ODE. 

The threshold effectlevels for Merlins and Peregrine Falcons were 15% and 

20% eggshell thinning, respectively. Fyfe et al.'s (1988) studyconfirmed an 

earlier estimate by Peakall (1976) that in Peregrine Falcons, ODE l:evels in eggs 

between 15 and 20 mg/kg are likely to cause significant eggshell thinning and to 

reduce productivity. 

prairie Falcons appear to be one of the most susceptible raptors to the 

toxic effects of ODE, but few species outside the genus Falco have been 

investigated in detail. In 1975, Wiemeyer found that no Osprey eggs hatched from 

clutches where ODE levels in eggs were greater than 12 mg/kg. Further study 

showed that ODE 1eve1s greater than 4.0 mg/kg in Osprey eggs, were associated 

with 15% she1l thinning and r.educed productivity (WiemeyeJ;' et al., 1988). 

In Ba1d Eagles, 10% she11 thinning was associated with ODE egg 1eve1s of 5.6 

mg/kg (Wiemeyer et al., 1984). Total reproductive fai1ure occurred where ODE 

1eve1s in eggs exceeded 15 mg/kg. 

Newton and co-workers (1986) found that 20% eggshe11 thinning in eggs of 

European sparrowhawks, Accipiter nisus, was associated with ODE residues of 10.3 

mg/kg in the eggs. DDE-induced egg-shell thinning has also been demonstrated in 
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experimental studies with American Kestrels (Wiemeyer and Porter, 1970) and 

Screech OWls (McLane and Hall, 1972). 

4.3.2 other organochlorines 

Oieldrin has been implicated in reproductive failure, not through eggshell 

thinning, but by embryotoxicity. Lockie et al. (1969) found that dieldrin levels 

greater than 0.9 mg/kg (w.w.) in eggs of Golden Eagles in Scotland were 

associated with significantly reduced productivity. Wiemeyer et al. (1975) 

reported that no Osprey eggs containing more than 1~0 mg/kg of dieldrin hatched. 

However, in a laboratory study of the effect of dieldrin on reproduction in Barn 

Owls (Mendenhall et al., 1983), egg levels of 3 mg/kg J,oIere found to have no 

effect. 

Heptachlor epoxide levels greater than 1. 5 mg/kg (w.w.) in American Kestrel 

eggs were associated with a reduction in productivity (Henny et al., 1983). ThE7.re 

appears to be no data on the effects of oxychlordane, cis or trans chlordane, cis 

or trans-nonachlor, or any HCH isomers on avian reproduction. 

There is no conclusive evidence that PCBs affect productivity in raptors,: 

although Bird et al. (1983) demonstrated that dietary Aroclor 1254 reduced spernL 
·r' 

production in kestrels. Wiemeyer and co-workers (1975) reported that no Osprey 
-5-.1: 

eggs containing in excess of 15 mg/kg PCB hatched, but PCB levels were highly 

correlated with those of other contaminants. Levels of 4 to 18 mg/kg PCBs in eggs 

of captive-dosed Screech OWls had no apparent effects on hatching or fledging 

rates (McLane and Hughes, '1980). However, in studies with Black-crowned 

Night-herons, Nycticorax nycticorax, a mean egg level of 4.1 mg/kg PCBs was 

correlated with lower embryonic weight (Hoffman et al., 1986). A similar pattern 

was observed in Forster' sTern, Sterna forster i, embrios from Green Bay, 

Wisconsin: hatching success and embryonic weight were reduced, and the incidence 

of congenital abnormalities was increased. This was in conjunction with 

increased levels of aryl hydrocarbon hydroxylase (AHH) inducers such as PCBs and 

polychlorinated dibenzo-dioxins (Hoffman et al., 1987). Tern eggs at this colony 

contained a mean of 22 mg/kgPCBs. PCB levels from 3 to 16 mg/kg ineggs reduced 

hatchability in chickens (Cecil et al., 1974) and Ringed Turtle-doves, 
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Streptopelia risoria, (peakall and Peakall, 1973). However, these species are 

apparently relatively sensitive to peBs. 

Mirex was also found to reduce sperm production in American Kestrels (Bird 

et al., 1983), but the combination of mirex and Aroclor 1254 resulted in no 

difference from that of mirex alone. 

1\0303 Mercury 

Although there have been no experimental studies on its effects. on 

reproduction in raptors, mercury has been shown to reducehatchability of 

pheasant eggs at levels between 0.5 and 1.5 mg/kg (w.w.) c(Fimreite, 1971), and 

of Mallard eggs at levels of about 0.85 mg/kg (Heinz,- 197~). Teratogenecity by 

methylmercury has also been reported in Mallards (Hoffman and Moore, 1979). There 

are some indications that embryos and newly hatched young are more susceptible 

to mercury intoxication than adults (Finley and Stendell, 1978). 

4.4 Biochemical responses to contamination 

organochlorines and various halogenatedindustrial compounds have been shown 

to induce a suite of biochemical responses in birds. These include porphyria in 

Great Lakes Herring Gulls, Larus argentatus (Fox et al., 1988), induction of AHH 

andother liver enzymes (Ellenton et al., 1985; Boersma et al., 1986), and 

chick-edema disease (Gilbertson, 1983). Although some of these responses are not 

directly Lethal, they inpicate pathological changes in the bird as a result of 

exposure to toxi~ substances. 

4.5 Effects on behaviour 

Abnormal parental behaviour attributed to elevated organochlorine body 

burdens has been reported in a number of species. Egg-eating was a phenomenon 

observed in Peregrine Falcons (Ratcliffe, 1980) and Grey Herons, Ardea cinerea 
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(Milstein et al., 1970). Fox and Donald (1980) reported weakened nest defencein 

Merlins, and Hamerstrom (1986) reported "listlessness" and the cessation of the 

aerial courtship displays of Harriers. Other aberrant behaviours observed 

'included desultory nest-building, abandonrnent of eggs, poor attendance at the 

nest, and deliberate egg-breaking (Milstein et al., 1970; Snyder et al., 1973). 
,e 

Few lab studies on the effects of sublethal levels of organochlorines on 

behaviou.r have been attempted. Research on the predatory behaviour of kestrels 

under low-level exposure to DDE (Rudolph et al., 1983) revea1ed that variance in 

response time was greater in exposed birds', a1though average response time and 

attack rates did not differ. 

4.6 Effects on populations 

Hickey and Anderson (1968) noted that 19% eggshe11 thinning was associated 

with population' dec1ines in raptors and fish-eating birds. Lincer (1975) and 
~, 

Newton (1979) ca1culated similar figures, of 16% and 18%, respective1y. 

Neverthe1ess, the considerable interspecific differences in the relationship 

between eggshell thinning and reproductive success reported by Fyfe et al. (1988)' 

suggest that some species may be affected by even "minor" eggshell thinning. 

The effects of contaminant-induced changes in breeding success on the status 

of the population are more difficult to' gauge, and depend on the facto,~s 

inf1uencing survival and productivity~ Some ow1s, for example, habitua11y 1ay 

large clutches. Only a few young survive to f1edging, except in years of unusua1 

prey abupdance. A certain amount of egg-breakage may have little impact on those 

species. 'Additionally, a large clutch may al10w the female ,to excrete a 

significant amount of hertoxic burden through her eggs, as has been found for 

European sparrowhawks (Newton and Bogan, 1978). 

The effects of increased adult mortality also depend on the biology of the 

species. Some species may compensate for an increase in adult mortality by 

ear1ier recruitment to breeding, whereas 10ng-1ived species with 10w reproductiv:e 

rates, such as the ca1ifornia Condor, may be severe1y affected. Shorter-lived 

species may a1so 'recover more quickly as exposure i5 reduced. 

These problems were addressed by Newton (1988), who advocated the 
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determination of the critical level of contamination that leads to a population 

decline for each species of interest. This would require considerable research 

on the relationships between levels of contaminants, measures of productivity and 

changes in population numbers. 

5 0 0 RESULTS AND DISCUSSION 

Contaminants detected in Canadian raptor eggs and tissues 

Organochlorine contaminant concentrations in eggs and tissues of raptors 

varied widely from nondetectable to highly elevated. The contaminants detected 

included: DDT; ODE; 000; dieldrin; heptachlor epoxide; mirex; oxychlordane; 

cis-chlordane; trans-chlordane; cis-nonachlor; trans-nonachlor; alpha-HCH; 

beta-HCH; gamma-HCH; chlorinated benzenes (mainly HCB); and polychlorinated 

biphenyls (PCBs). Discussion of the range of contamination found in each species 

is in Chapter 7.0. 

Tables 3 to 7 summarize the levels of ODE, dieldrin, heptachlor epoxide, 

HCB, oxycnlordane, PCBs, and mercury in the eggs of each species. A geomètric 

mean, or result of a pooled analysis, is presented for three time periods in each 

of the five geographical regions (Figure 1) for which. data are available. 

The three time periods are derived from the date of implementation of 

restrictions on organochlorine use in North America, ~s follows: i) 1965-72 -

period of extensive use before most restrictions were implementedi ii) 1973-79 

- period when sorne restrictions on DDT, dieldrin, HCB, and heptachlor were first 

introduced; and iii) 1980-88 - period during which virtually aIl uses of the 

organochlorine pesticides discussed in this report were banned. 

The geometric mean for each time period and geographical region is 

accompanied by the range of values, in parentheses. Where pooled samples were 

analyzed, they are presented separately. More detailed information is available 

in the Appendices, where the geometric means of egg levels for each year and 

within each province are listed, with the maximum and minimum values. We also 

noted the condition of the eggs, whether fresh, infertile, addled, or containing 

a dead embryo. 
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TABLE 3. Residue levels of environmental contaminants detected in eggs of accipiters in Canada. 

(Geometrie means, range and sample size, if different from N) 

Region Years N Residue concentrations (mglkg, wet weight) 

DDE Ditldrin liE Oxychlordane HCD PCDs" Mercury 

Northem Gosbawk (Accipiler renJi/il): 

Allantic 1965-72 3.9 0.049 0.019 

Ontario 1980-88 4· 0.99 0.089 0.41 0.064 0.004 . 0.56 
(0.27-1.82) . (0.036-0.20) (0.021-0.079) (0.038-0.115) (0.002-0:007) (0.25-0.88) 

Cooper's lIawk (Accipiler cooperii): 

Prairies 1965-72 17 3.84 0.17 0.096 0.009 (n=5) '0.33 (n=9) 0.085 (n=7) 
(2.35-14.6) (0.035-5.87) (0.012-0.56) (0.006-0.010) (0.057-1.5) (0.040-0.13) 

Prairies 1973-79 3 5.06 0.24 0.076 0.060 (n=l) 0.032 2.2 (n=2) 0.035 (n=2) 
(3.91~5.95) (0.10-1.31) (0.03-0.16) (0.030-0.057) (0.64-7.98) (0.03-0.040) 

Ontario 1980-88 13 4.61 0.03 0.16 0.23 0.009 1.97 
(1.19-25.3) (0.066-0.69) (0.029-1.07) (0.028-1.66) (0.003-0.026) (tl.66-9.23) 

Sharp-shinned Hawk (Accipiltr strlalus): • 
Prairies ~965-72 7.0 0.12 0.057 0.12. 

Ontario 1980-88 9 8.25 0.27 0.19 0.20 0.021 2.14 
(3.52-18.6) (0.088-1.19) (0.084-0.82) (0.020-0.88) (0.0095-0.057) (1.51-3.68) 

Atlantic 198()"88 3 7.03 0.53 0.34 0.76 0.041 4.24 
(5.42-9.12) (0.39-0.75) (0.30-0.41) (0.67-0.85) (0.025-0.062) (3.52-4.87) 

• PCBs are reported on the basis of a 1: 1 ratio of Aroehlors 1254 to 1260, unless preeeded by an asterix indicating that PCBs 
are reported on the basis of Aroehlor 1260only. 
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TABLE 4. . Residue levels of environ mental conta minants detected in eggs of buteos in Canada. 
(Geometrie means, range and sample size, if different from N) 

Region Ye.ars N Rèsidue cooceutraûom (mglkg, wet weight) 

ODE DieJdrin HE Oxychlordane HCD 

Red-WIed lIawk (Bu/eo jomaicensls): 

Prairies 1965-72 46 1.222 0.365 0.092 
(0.288-\6.4) (0.033-5.94) (0.004-2.55) 

Ontario \965-72 2 0.487 0.170 0.018 0.038 
(0.015-0.021) (0.035-0.042) 

B.C. 1965-72 4.720 0.262 0.110 

Swaimon's Hawk (Buteo swoinsonl): 

Prairies 1965-72 \7 0.630 0.337 0.222 
(0.092-5.92) (0.021-1.25) (0.063-4.08) 

Prairies 1973-79 0.660 0.080 0.030 0.019 

Prairies 1980-88 8 pools 0.397 0.050 0.\20 0.025 0.02\ 
(0.083-1.02) (0.014-0.\97) (0.029-0.293) (0.01-0.036) (0.004-0.129) 

Ferruginous lIawk (Bu/eo rega/ls): 

Prairies 1965-72 50 0.283 0.077 0.140 0.0006 (0;;;29) 
(0.030-13.1) (0.0005-4.34) (0.02-2.33) (0.0005-0.010) 

Prairies \980-88 \ pool. 0.053 0.047 0.085 0.024 0.003 

Prairies \980-88 1 pool 0.150 0.050 0.\37 0.019 0.011 

l'COs" Meœury 

'0.18 (0=5) 0.099 
(0.026-0.82) (0.023-0.356) 

'0.85 (0=2) 0.089 
(0.80-0.89) (0.080-0.010) 

'0.37 0 

'0.029 (0=3) 0.124 (0=8) 
(0.09-0.029) (0.03-0.42) 

'0.9 0.160 

0.154 
(0.022-0.489) 

'0.001 (0=32) 0.035 (0=38) 
(0.0005-1.15) (0.010-0.249) 

0.210. 

0.170 

a PCBs are reported on the basis of a 1: 1 ratio of Arochlors 1254 to 1260, unless preceded by an asterÏx indicating that PCBs 
. are reported on the basis of Arochlor 1260 only. 
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TABLE 4 continued. Residue levels of environmental contaminants detected in eggs of buteos in Canada. 

(Geometrie means, range and sample size, if different from N) 

Region Years N Residue concentraûons (mglkg, wet weight) 

DDE Dieldrin liE Oxyclùordane lieD PCDs' Mercury 

Red-shouldered lIawk (Buleo IlneaJus): 

Ontario 1973-79 3 2.427 0.182 0.046 0.015 1.885 
(1.4-3.78) (0.08-0.42) (0.03-0.08) (0.0095-0.019) (1.05-3.11) 

Rough-Iegged Hawk (Buleo lagopus): 

NOM 1965-72 14 0.439 0.Q20 0.0016 (n= 12) 0.010 (n=2) "3.36 (n=2) 0.149 (n=3) 
(4.63-27.0) (0.007-0.250) (0.0005-0.074) (0.01-0.01) (3.36-3.37) (0.045-0.320) 

NOM 1973779 0.460 0.050 0.030 0.019 '0.32 

NOM 1980-88 6 0.329 0.032 0.216 0.040 0.042 1.323 0.053 
(0.03-1.19) (0.01-0.14) (0.005-2.69) (0.01-0.19) (0.01-0.61) (0.27-5.08) (0.04-0.07) 

• PCBs are reported on the basis of a 1:1 ratio of Arochlors 1254 to 1260, unless preceded by àn asterix indieating that PCBs 
are reported on the basis of Arochlor 1260 only. 
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TABLE 5. Residue levels of environmental contaminants detected in eggs of eagles, ospreys and harriers in Canada. 
(Geometrie means, range and sam pie size, if differerit from N) 

Region Years N Residue concentrations (mglkg, wet weight) 

DDE Dieldrin . liE Oxychlordane lieD PeDs· MerCury 

Dald &tgle (IJalÛleetus leucocephalus): 

Allantic 1965-72 23.1 0.53 ND 0.Q20 '17.4 0.24 

Atlantic 1980-88 2 2.31 0.025 8.11 
(1.03-4.84) (0.019-0.032) (4.22-15.6) 

Ontario 1965-72 19 35.3 1.42 0.122 0.022 (n=5) '26.5 (n= 18) 0.401 (n= 18) 
(17.8-99.3) (0.59-2.87) (0.0005-0.69) (0.0005-0.16) (9.35-202) (0.18-1.02) 

Ontario 1973-79 2 33.9 0.85 0.052 0.108 0.293 18.8 0.24 
(32.0-35.8) (0.56-1.29) (0.03-OJ)9) (0.036-0.324) (0.266-0.323) (17.3-20.4) (0.18-0.31) 

Prairies 1965-72 13 4.11 0.215 0.0019 0.011 (n=9) '3.0 (n= 10) 0.11 (n=9) 
(1.37-28.5) (0.033-1.06) (0.0005-0.116) (0.004-0.030) (1.05-8.5) (0.06-2.62) 

Golden &tgle (Aqulla chrysaelos): 

Prairies 1965-72 9 ·0.774 0.137 0.122 0.0031 (n=2) '0.393 (n=7) 0.014 (n=8) 
(0.29-2.81) (0.06-0.56) (0.02-0.86) (0.0005-0.19) (0.12-0.58) (0.0005-0.22) 

Prairies 1973-79 .. 12 0.824 0.123 0.081 0.0153 1.01 0.038 (n=8) 
(0.23-2.05) (0.02-2.12) (0.Q2-0.13) (0.0095-0.038) (0.11-3.64) (0.005-0.22) 

North 1973-79 0.8 0.010 0.010 ND '0.33 ND 

a PCBs are reported on the basis of al: 1 ratio of Arochlors 1254 to 1260, unless preceded by an asterix indieating that PCBs 
are reported on the basis of Arochlor 1260 only. 
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TABLE 5 continued. Residue levels of environmental contaminants detected in eggs ofeagles, ospreys and harriers in 

Canada. (Geometrie means, range and sample size, if different from N) 

Region Years N Residue concentrations (mglkg, wet weight) 

DDE DieJdrin liE Oxychlordane IICR PCRs· Mercury 

Osprey (Pant/ion hallae/us): 

Atlanlic 1965-72 3 6.17 0.0014 ND 0.0014 '8.05 0.097 
(5.67-7.15) (0.0005-0.01) (0.0005-0.01) (6.9-9.8) (0.07-0.13) 

Ontario 1965-72 8 3.91 0.062 0.0009 0.0018 '3.38 0.103 
(1.71-9.61) (0.01-0.31) (0.0005-0.05) (0.0005-0.02) (1.0-75) (0.06-0.23) 

Prairies 1973-79 2 4.6 0.10 0.035 0.019 0.94 0.063 
(2.3-9.3) (0.03-0.33) (0.03-0.04) (0.009-0.038) (0.72-1.24) (0.04-0.10) 

British Columbia 1965-72 2 4.54 0.009 0.017 '0.34 
(3.37-6.11) (0.005-0.017) . (0.014-0.020) (0.33-0.35) 

Yukon 1973-79 2 17.9 0.039 0.063 0.027 '1.34 0.70 
(13.3-24.0) (0.03-0.05) (0.05-0.08) (0.019-0.038) (0.87-2.08) (0.62-0.79) 

Northem lIamer (Clrcus cyaneus): 

Prairies 1965-72 22 1.411 0.272 0.087 0.92 (n=8) 0.044 (n=8) 
(0.013-20.4) (0.010-0.52) (0.0005-1.56) (0.02-0.84) . (0.018-0.28) 

North 1965-72 14.5 0.99 0.069 ND '3.0 0.09 

a PCBs are reported on the basis of a 1:1 ratio of Arochlors 1254 to 1260, unless preceded by an asterix indicating that PCBs 
are reported on the basis of Arochlor 1260 only. , 
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TABLE 6. Residue levels.of environ mental conta minants detected in eggsof falcons in Canada. 
(Geometrie means, range and sample size, if different from N) 

Region VeufS N Residue cooceotralÏoos (mglkg. wet weighl) 

DDE Dieldrin liE Oxycblordane IICR l'CRs· Mercury 

Merlin (Pa/co columbal;'lus): 

B.C. 1965-72 8.838 0.201 0.435 1.729 0.517 

Prairies 1965-72 164 7.59 0.350 0.337 0.034 (n= 143) '1.008 (n= 161) 0.163 
(l.Il-IlS) (0.029-3.24) (0.04-5.4) (0.008-1.84) (0.147-9.7) (0.04-1.29) 

Prairies 1973-79 158 9.78 0.225 0.491 0.184(n=6O) 0.053 1.404 0.049 (n= 129) 
(0.09-90.9) (0.005-5.6) (0.005-9.09) (0.01-1.31) (0.001-10.1) (0.22-7.02) (0.0005-0.56) 

Prairies 1980-88 14 2.95 .0.042 0.30 0.080 0.014 0.240 
(0.28-65.8) (0.007..0.59) (0.065-2.03) (0.023..0.3) (0.005..0.23) (O. Il..o.3 1) 

N. Quebec 1965·72 33.2 0.23 0.082 0.003 "7.83 0.720 

North 1973-79 4 16.5 0.95 0.29 0.089 1.30 0.073 
(10.7-19.7) (0.42-2.6) (0.18-0.55) (0.057..0.15) (0.01..0.34) 

Prairie Fakon (Fa/co mexicanus): 

Prairies 1965-72 247 1.86 0.129 0.218 0.0178 (n= 143) '0.558 (n=222) 0.086 (n=227) 
(0.14-41.4) (0.0008-8.94) (0.022-30.2) (0.0005..0.41 ) (0.0005-9.28) (0.0005-1.71) 

Prairies 1973-79 239 LlO 0.082 0.165 0.051 (n=47) 0.0253 0.542 0.019 (n;;203) 
(0.08-33 A) (0.005-7.2) (0.005-0.243) (0.009..0.43) (0.0005-1.42) (0.10-9.57) (0.0005..0.38) 

Prairies 1980-88 16 0.687 0.061 0.084 0.023 0.049 0.250 0.018 (n'"' 12) 
(0.010-1.63) (0.002-1.05) (0.005-0.76) (0.002..0.07) (0.005..0.35) (0.004..0.93) (0.010..0.060) 

Prairies 1988 1 poolof9 0.056 0.002 0.012 0.004 0.107 0.072 
1 pool of 5 0.041 0.002 0.009 0.003 0.010 0.146 

a PCBs are reported on the basis of a 1:1 ratio of Aroehlors 1254 to 1260, unless preeeded by an asterix indieating that PCBs 
are reported on the basis of Arochlor 12600nly. 
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TABLE 6 continued. Residue levels of environmental contamÎnants detected in eggs of falcons in Canada. 

(Geometrie means, range and sample size, if different from N) 

Region Y~rs N Residue concentrations (mglkg, wet weight) 

DDE Dieldrin ifE Oxychlordane UeR PeRs" Men:ury 

Gyrfalcon (Fa/co ros/leo/us): 

North 1965-72 9.020 0.167 0.057 0.Q20 "25.5 1.430 

North 1973-79 10 0.334 0.016 0.016 0.014 0.597 0.009 
(0.07-0.57) . (0.005-0.04) (0.005-0.03) (0.005-0.038) (0.40-0.99) (0.0005-0.03) 

North 1980-88 6 0.124 0.018 0.028 0.031 0.069 ' 0.475 ' 2.20 
(0.014-5.11) (0.001-1.34) (0.006-0.30) (0.005-0.45) (0.011-0.90) (0.033-16.5) 

American Kestrel (I-àlco sparverlus): 

Atlantic 1965-72 12.4 0.44 ND 

Prairies 1965-72 8 1.9 0.038 0.51 0.23(n~3) 

(0.60-11.9) (0.002-1.25) (0.034-4.8) (0.16-0.29) 

S. Ontario 1987 1 pool of 17 10.8 0.077 0.11 0.11 0.022 0.86 

C. Ontario 1987 1 poolof9 0.44 0.013 0.009 0.027 0.017 0.18 

N. ,Ontario 1987 1 poolof5 2.80 0.081 0.078 0.061 0.007 0.35 

S. Ontario 1988 1 pool of 10, 3.83 0.042 0.043 0.051 0.007 0.32 

C. Ontario 1988 1 poolof9 0.43 0.066 0.039' 0.038 0.005 0.17 

Peregrùie Falcon (Fa/Cl) peniT/nus): 

N. Qu.::bec 1965-72 10 9.74 0.81, ND 
(4.63-27.0) (0.27-1.91) 

N. Quebec 1973-79 4 11.8 0.99 0.21 0.033 13.6 0.29 
(4.3-19.6) (0.41-1.86) (0.13-0.31) (0.019-0.057) (6.5-38.5) (0.15-0.71) 

• PCBs are reported on the basis of a 1:1 ratio of Arochlors 1254 to 1260, unless preceded by an asterix indicating that PCBs 
are reported on the basis of Arochlor 1260only. 
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TABLE 6 continued. Residue levels of environmental contaminants detected in eggs of falcons in Canada. 
(Geometrie means, range and sample size, if different from N) 

Region Years N Residue coocentrations (mglkg, wet weigbt) 

DDE Dieldrin liE Oxycblordane "CD l'CDs' Mercury 

Peregrine Falcon (Fa/co peregrinus) contiuued: 

N. Qu~b~c 1980-88 10 5.68 0.574 0.423 0.174 0.043 10.84 
(1.61-13.8) (0.14-2.61) (0.15- 1.34) (0.05-0.31) (0.016-0.11) (1.61-32.2) 

A1b~rta 1965-72 5 36.5 1.25 0.269 0.061 (0=4) '11.37 0.360 
(12.6-78.5) (0.39-2.48) (0.20-0.42) (0.040-0.070) (8.0-14.7) (0.13-0.56) 

Alb~rta 1973-79 20 10.6 0.43 0.26 0.116 (0= 12) 0.029 5.94 0.202 (0=7) 
(1.86-18.4) (0.14-1.07) (0.030-2.10) (0.070-0.19) (0.009-0.150) (2~34-1 1.1) (0.14-0.50) 

A1b~rta 1980-88 14 9.35 0.396 0.401 0.106(0=12) 0.43 5.91 0.376 (0= Il) 
(2.07-29.2) (0.060-1.52) (0.060-2.71) (0.030-0.20) (0.011-1.06) (2.61-13.2) (0.12-1.14) 

Nwr/Yu\;.oo 1965-72 29 5.16 0.286 0.081 (0=23) 0.0063 (0=6) '7.97 (0=26) 0.318 (0=26) 
(0.05-94.8) (0.005-8.0) (0.0005-0.66) (0.00050.020) (0.15-68.1) (0.01-0.67) 

NWf/Yukon 1973-79 25 Il.56 0.66 0.257 0.072 (0=8) 0.042 9.06 (0= 12) 0.228 (0=23) 
(0.35-28.9) (0.060-3.51) (0.040-2.66) (0.006-0.14) (0.005-0.36) (3.07-57.1) (0.0005-1.30) 

Nwr/Yu\;.oo 1980-88 27 9.86 0.46 0.33 0.10 0.098 7.68 
(4.3-29.1) (0.060-2.89) (0.060-2.07) (0.0005-0.30) (0.018-1.10) (2.95-30.7) 

B.C. 1965-72 12 7.84 0.062 0.0034 0.050 '7.62 0.869 
(0.57-29.3) (0.01-0.164) (0.0005-0.049) (0.008-0.23) (0.15-35.5) (0.0005-5.00) 

B.C. 1980-88 4 2.79 0.013 0.019 0.070 0.068 4.08 
(0.79--6.57) (0.003-0.036) (0.005-0.043) (0.021-0.17) (0.024-0.19) (1.11-9.79) 

a PCBs are reported on the basis of a 1:1 ratio of Arochlors 1254 to 1260, unless preceded by an asterix indicating that PCBs 
are reported on the basis of Arochlor 1260 only. 
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TABLE 7. Residue levels of environmental contaminants detected in eggs of owls in Canada. 

(Geometrie means, range and sample size, if different from N) 

Region Years N Residue concentrations (mglkg, wei weight) 

DDE Dieldrin liE Oxychlordane lIeB l'CBs· Mercury 

Soowy Owl (Nyclta scandiaca): 

North 1973-79 3.27 0.14 0.15 0.11 °10.4 0.11 

Great Grey Owl (Sirli: "ebu/osa): 

Michigan 1 98Q.-88 3 0.059 0.014 0.010 0.014 0.005 0.003 
(0.04-0.10) (0.01-0.02) (0.01-0.01) (0.01-0.03) (0.004-0.007) (0.0005-0.12) 

Long-eared Owl (Allo OIUS): 

Prairi~s 1965-72 7 0.60 0.014 omo '0.058 (n=4) 0.036 (n=3) 
(0.078-3.06) (0.005-0.16) . (0.005-0.018) (0.013-0.35) (0.025-0.046) 

Sbort-eared Owl (Aslo jlammeus): 

Prairi~s 1965-72 6 4.078 0.099 0.037 °0.10 (n=5) 
(2.14-7.64) (0.025-0.945) (0.016-0.108) (0.029-0.32) 

Great lIomed Owl (Bubo vugt"ümus): 

Prairies 1965-72 31 2.40 0.095 0.10 0.017 (n=l) '0.75 (n=8) 0.034 (n=8) 
(0.073-21.4) (0.011-0.76) (0.0005-1.88) (0.041-2.4) (0.0005-0.12) 

Ontario 1965-72 8.85 0.22 

North 1965-72 1.52 0.10 0.25 1.94 

BurroWing Owl (A/he"e cU1I/cularia): 

Prairies 1965-72 0.68 0.42 0.15 0.1\ 

, 

a PCBs are reported on the basis of a 1:1 ratio.of Arochlors 1254 to 1260, unless preceded by an asterix indicating that PCBs 
are reported on the basis of Aroehlor 1260 only. 

~. 
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TABLE 8. Concentrations of organochlorines in tissues of Canadian raptors belween 1967 and 1985. 

--------~----------------------------------------------------------------------------------~----------
Species and year Provo Tissue N Geometrie means of residue concentrations (mgjkg, wet weighO 

-----------------------------------------------------
DDE Dieldrin HE Oxychlordane HCB PCBS 

-------------------------------------------------------------------------------~----------------------

Shaq!-shioo~d Hawk 
1969 B.e. Brain 1 0.349 0.043 
1982-85 B.e. Livers 7 3.622 0.128 0.095 0.177 0.044 3.511 

CQo~e['s Hawk 
1967 B.e. Brain 1 0.580 0.013 
1984-85 B.e. Livers 3 12.354 0.633 0.325 0.481 0.012 4.773 

Bed-taih:d Hawk 
1967 Saskatchewan Brain 2 0.068 0.075 0.016 
1968 Alberta Brain 1 0.467 0.154 0.057 
1968 B.C. Brain 1 0.395 0.013 

Swaiosoo's Hawk 
1968 Saskatchewan Brain 4 0.085 0.186 0.131 
1968-71 Alberta Brain 5 0.058 0.041 0.048 

Eerruginous Hawk 
1969 Saskatchewan Brain 1 0.116 0.013 0.852 
1971 Alberta Whole body 2 0.050 0.027 0.077 

Rough-legged Hawk 
1973 Yukon Brain 3 0.208 0.014 0.001 0.010 0.611 

Liver 3 0.074 0.007 0.002 0.007 0.212 
1974 N.W.T. Liver 1 0.130 0.020 0.010 0.020 . 1.130 

DaidEag1e 
1970 N.B. Brain 1 7.090 0.181 0.062 0.005 
1969 Manitoba Brain 1 0.532 0.045 Q.009 

Li ver t 2.120 0.110 0.017 
1968 B.e. Brain 1 6.220 0.100 
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TABLE 8. (continued) Concentrations of organochlorines in tissues of Canadian raptors between 1967 and 1985. 

--------------------------~-~------~-----------------------------------------------------------------~ 
Species and year Provo Tissue N Geometrie means of residue concentrations (mglkg, wet weighO 

-----------------------------------------------------
DDE Dieldrin HE Oxychlordane HCR PCRS 

--------~------------------------------------------------------------------~--------------------------

Golden Eagh: 
1973 N.W.T. Brain 2 0.212 omo 0.002 0.007 0.568 

Liver 2 0.283 0.007 0.001 . 0.010 0.538 

Qspre)l 
1969 Ontario Brain 1 0.222 0.013 0.017 

Liver 1 0.218 0.021 0.012 
1971 Ontario Brain 1 0.100 0.020 

. Liver 1 0.540 

N. Harrie[ 
1968 Saskatchewan Brain 3 0.039 0.007 0.030 
1968 B.e. Brain 1 0.554 0.048 

G)lIfakon 
1968 N.W.T. Liver 1 0.040 ·0.001 0.001 0.005 .. 0.140 
1971 B.e. Brain 1 0.580 0.000 0.000 0.030 

Li ver 1 0.800 0.010 0.014 

Merlin 
1969 Alberta Brain 1 0.235 0.017 0.014 
1969 Alberta Brain 1 0.294 0.068 0.181 
1972 Alberta Brain 1 0.070 0.010 

Liver 1 0.110 0.060 0.030 
.1973 Alberta Brain 2 1.092 0.035 0.010 0.010 1.874 

Liver 2 3.167 0.079 0.049 0.025 1.560 
1968 B.e. Brain 1 15.800 ·0.379 0.224 

American KeslId 
1968 Alberta Brain 1 0.260 0.017 0.062 
1968 Alberta Brain 1 0.079 0.009 0.020 
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TABLE 8. (continued) Concentrations of organochlorines in tissues of Canadian raptors between 1967 and 1985. 

-~-----------------------------------~-------------------------------~---------------~----------------
Species and year Provo Tissue N Geometrie means of residue concentrations (mglkg, wet weight) 

-----------------------------------------------------ODE Dieldrin HE Oxychlordane HCB pCBS 

--------------------------------------------------------------------------~---------------------------

frairie Eakon 
1973 Alberta Brain 1 0.360 0.020 0.020 0.010 0.750 

Liver 1 0.340 0.010 0.020 0.010 0.290 
1969 Alberta Brain 1 0.095 0.014 0.007 
1969 Alberta Brain 1 0.374 0.033 0.182 

Liver 1 0.285 0.056 0.426 
1972 Alberta Brain 3 0.129 0.016 0.060 0.010 

Liver ·3 0.335 0.023 0.186 0.010 
1975 Alberta. Brain 1 1.970 0.080 0.110 0.020 0.310 

Liver 1 4.50 0.130 0.130 0.030 0.540 
1975 Alberta Brain· 1 0.150 0.005 0.005 0.010 0.570 

Liver 1 0.030 0.001 0.001 0.005 0.180 
1976 Alberta Brain 1 0.420 0.040 0.090 0.010 0.005 0.440 

Liver 1 0.840 0.090 0.360 0.030 0.010 0.800 
1976 Alberta Brain 7 0.428 0.040 0.163 0.011 0~007 0.126 

Liver 7 1.582 0.116 0.547 0.069 0.030 0.742 
1977 Alberta Brain 1 0.730 0.020 0.060 0.001 0.020 0.350 

Liver 1 0.940 0.060 0.210 0.020 0.510 
Peregrine Falcon (anatum) 

1969 NB Brain 1 0.17 0.017 0.05 
Liver 1 0.19 0.036 0.061 

1983 Ontario Brain 1 1.31 0.049 0.10 0.085 0.006 0.92 
Liver 1 2.45 0.088 0.10 0.18 0.006 3.08 

1986 Ontario Brain 1 0.45 0.045 0.07 0.023 0.007 0.87 
Liver 1 2.40 0.25 0.68 0.061 0.010 5.10 

1967 Alberta Muscle 1 1.84 0.025 
1972 Alberta Brain IN 0.25 0.04 0.01 

Liver IN 0.54 0.09 0.01 
1973 Alberta Brain IN 2.26 0.06 0.01 0.01 1.76 

Liver IN 3.46 0.07 0.02 0.01 1.74 
1969 NWT Brain IN 6.51 0.086 0.021 
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TABLE 8. (continued) Concentrations of organochlorines in tissues of Canadian raptors between 1967 and 1985. 

Species and year Provo Tissue N Geometrie me ans of residue concentrations (mglkg, wet weight> 

ODE Dieldrin HE Oxychlordane HCB pcns 
------------------------------------------------------------------------------------------------------
Peregrine Falcon (tundrius> 
1966 NWT Brain 2 0.43 0.10 

Liver 2 1.57 0.46 
1967 North Quebec Fat 8 285 8.60 
1969 NWT Brain 2N 0.35 ·0.04 0.055 
1974 NWT Brain 2N 1.36 0.15 0.069 0.005 2.07 

Liver 2N 9.54 0.92 0.55 0.02 6.96 
1981 NWT Brain 1 13.9 2.03 2.08 1.10 0.10 59.0 

Liver 1 84.2 2.97 2.98 1.41 0.17 208 
Peregrine Falcon (pealei) 
1966 BC Brain 1 0.25 0.009 

Muscle 1 1.65 0.033 
1969 BC Brain 2 2.16 0.0039 

Liver 2 4.99 0.019 0.0069 
1971 BC Brain IN 0.53 ~"i!i 

Liver IN 0.94 0.01 
'~~ 

0.02 
Barn Owl 
1984-85 BC Liver 8 0.553 0.033 0.037 0.057 0.006 0.482 

Great Homed Qwl 
1969 N.B. Brain 2 0.184 0.003 
1967 Saskatchewan Brain 1 0.212 0.023 0.010 
1969 Saskatchewan Brain 1 0.039 0.003 0.006 
1970 Saskatchewan Li ver 1 0.743 0.097 0.167 
1984 Alberta Liver 2 14.882 0.322 0.795 0.389 0.305 12.520 

Hurrowing Qwl 
1968 Alta.-Sask. Brain 3 1.078 0.019 0.092 

Long-eared Qwl . 
1967 Saskatchewan Brain 1 0.145 0.022 

.~; .:,-;- '~,-I 

Short-eared Qwl 
1968 B.C. Brain 3 0.060 0.004 

\.. .... 
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TABLE 9. Mercury concentrations (mgfkg, wet weight) in livers of raptors 1 
collected in Canada between 1968 and 1976. 

------------------------------------------------------------------- 1 Species Years Province/Territory No. Geometrie mean 

-------------------------------------------------------------------

Swainson's Hawk 1968 Saskatchewan 7 0.36 1 1968-71 Alberta 10 0.16 

Red-tailed Hawk 1968 Alberta 1 0.48 1 
Ferruginous Hawk 1969 Saskatchewan 1 0.18 

1971 Alberta 8 0.020 1 
Rough-Iegged Hawk 1974 N.W.T. 1 0.030 

Bald Eagle 1970 Ontario 2 30.6 1 
Osprey 1969 qntario 1 3.1 

1971 Ontario IN 0.68 1 
Northem Harrier 1968 Saskatchewan 3 0.057 

Turkey Vulture 1970 Ontario 2 30.8 1 
Merlin 1969 Alberta 1 0.084 

1 1971 Alberta 2 0.050 
1972 Alberta 1 0.040 

Prairie Falcon 1969 Alberta IN 0.15 1 1969 Alberta 1 .1.26 
1972 Alberta 2N 0.024 
1975 . Alberta 1 0.11 

1 1975 Alberta 1 0.020 
1976 Alberta 1 0.42 
1976 Alberta 3 0.022 

Peregrine Falcon 1969 N.W.T. IN 0.44 1 
1969 N.W.T. 2N 0.28 
1971 BC IN 0.61 1 1972 Alberta IN 0.76 
1974 N.W.T. 2N 0.48 
1981 N.W.T. 1 1.85 

1 Gyrfalcon 1971 B.e. 1 0.68 

American Kestrel 1968 Alberta 1 0.74 1 1968 Alberta 1 0.46 
Great Homed Owl 1968 Ontario 1 1.44 

Burrowing Owl 1968 Saskatchewan 3 1.77 1 
Short-eared Owl 1968 Alberta 3 3.47 
--------~------------------------------------------------------------------------------ 1 N = nestling 
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T~e levels of organochlorines detected in tissues of raptors collected 

between 1967 and 1988 are listedin Table 8. The levels of mercury found in 

livers of raptors are summarized in Table 9. Moredetailed,information about the 

sarnpling location, the condition of the bird when collected, and levels of 

contarninants in other tissues are reported in the Appendices. 

5.2 Incidences of raptor mortality due to pesticides 

A verysmall proportion of the tissue sarnples of raptors collected during 

the period 1965 to 1988 contained contarninants at levels diagnostic of acute 

toxicity (see Table 2). 

In 1970, the liver, of a 8ald Eagle from Northern Ontario was found to 

contain mercury residues of 42 mg/kg (w.w.). Livers of three Turkey Vultures, 

Cathartes aura, fromthe sarne year also contained high levels of mercury, one as 

high as 60 mg/kg (w.w.). In the early 1980s, the liver of'one Sharp-shinned Hawk, 

Accipiter striatus, found dead in B.C. contained more than 100 mg/kg (w.w. )',of 

ODE. According to Cooke et al. (1982), residues of this magnitude can be lethal. 

As there is no system in place to retrieve and analyze raptors found dead, 

we cannot accurately assess the incidence of raptor mortality from pesticides 

during the era of extensive North American use of organochlorines (Le. prior.'to 

the 1970s). The infrastructure to test wildlife specimens for poisoning ,by 

contarninants of agricultural or industrial origin was developed further by the 

1980s. However, as poisoned birds are seldom recovered in th~ wild (Mineau and 

Collins, 1988), the actua1 incidence of poisoned birds may have been higher than 

is suggested by these results. 

Agencies in Canada have a1so reported incidences of elevated tissue levels. 

At least two (a Bald Eagle and a Screech Owl) of, twenty-one raptors collected by 

the Ontario Ministry of NaturalResources in the Great Lakes Basin between 1972 

and 1988, were found to have lethal levels of dieldrin .and, chlordane, 

respectively, in their brains (Frank and Braun, 1990). Although not diagnostic 

of acute toxicity, dieldrin levels greater than 2.0 mg/kg and heptachlor epoxide 

levels greater than 1.0 mg/kg were measured in the brains of two kestrels found 

dead in Southern Ontario in 1987 (Baker, unpubl. data). 
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These findings, as we11 as numerous reports of de ad birds with potentia1ly 

letha1 levels of contarninants in their tissues found in the U.S.A. (Chapter 4.1) 

indicate that almost 20 years after being restricted by legislation, the 

persistent organochlorine chemicals still pose a threat to raptors. 

Levels in eqqs and siqnificance to reproductive success 

Many eggs contained contarninants at levels associated with reproductive 

effects. The critical levels .considered to have effects on reproduction are 

summarized in Table 2. For ODE, we used 10 mg/kg as the minimum value likely to 

affect productivity in most raptors (Note that this is not based on the sarne 

criteria as the 15 mg/kg ODE considered to resu1t in population declines of 

Peregrine Fa1cons). For four species known to be particularly sensitive to ODE, 

we calculated critica1 values from the literaturei 1.2 mg/kg for Prairie Fa1cons 

(Fyfe et al., 1988), 4.0 mg/kg for Osprey (Wiemeyer et al., 1988), 5.0 mg/kg for 

Merlins (Fyfe et al., 1988) and 6.0 mg/kg for Bald Eag1es (Wiemeyer et al., 

1984). Critical threshold leve1s of dieldrin, heptach10r epoxide and mercury were 

1.0, 1.5 and 0.5 mg/kg, respectively. 

Because so little is known ofinterspecific differences in the effects of 

those compounds, we used the sarne critical threshold values for all species~ 

Table 10 summarizes the proportions of eggs exceeding the critical values for 

ODE, die1drin, heptachlor epoxide and mercury. Interspecific differences in 

critica1values are discussed in the detailed species accounts. 

Concerning accipiters, during the period 1980-1988, three of 13 cooper's 

Hawk eggs and five of nine Sharp-shinned Hawk eggs (a1l from different nests) 

from Southern Ontario contained ODE in excess of 10 mg/kg (Table 10). Ouring the 

sarne period, die1drin was detected at 1evels greater than 1.0 mg/kg in one 

Sharp-shinned Hawk egg. The high leve1s encountered in Sharp-shinned Hawks may 

be related to the predominance of birds, particularly migratory insectivores,· in 

their diet (Sherrod, 1978). Comparisons of the organochlorine residues in the 

eggs of al1 three accipiters co11ected in Southern Ontario during the mid 1980s 

(Figure 2) are consistent with that hypothesis. 
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1 TABLE 10. Proportion of eggs with threshold criticallevels of DDE, dieldrin, 
heptachlor epoxide or mercury,likely to affect produ:ctivity. The critical 

1 values are 10 mglkg DDE (except where indicated), 1 mglkg dieldrin, 1.5 
mglkg heptachlor epoxide and 0.5 mglkg total mercury. No pooled samples 
are included~ 

1 REGION YEARS DDE DIELDRIN HE MERCURY 

-----------------------------------~---------------------------------------

1 
Northern Goshawk 

Atlantic 1965-72 0/1 0/1 0/1 
Ontario 1980-88 0/4 0/4 0/4 

1 Cooper's Hawk 
Ontario 1980-88 3/13 0/13 0/13 
Prairies 1965-72 1/17 1/17 0/17 0/7 

1 1973-79 0/3 1/3 0/3 0/1 

Sharp-shinned Hawk 

1 
Atlantic 1980-88 0/3 0/3 0/3 
Ontario 1980-88 5/9 1/9 0/9 
Prairies 1965-72 0/1 0/1 0/1 0/1 

1 Red-taHed Hawk ;~~~ 
Ontario 1965-72 0/1 0/1 0/2 0/2 ::;:i' .. ~~~ 
Prairies 1965-72 4/46 5/46 1/42 1/14 
B.C. 1965-72 0/1 0/1 0/1 - *5 1 .~. 

Red-shouldered Hawk 
Ontario 1973-79 0/3 0/3 0/3 ~.~ 

1 Swainson's Hawk ~' ;~~ 

Prairies 1965-72 0/18 2/17 1/17 ~;:i!' ~:J 

1 
1973-79 0/1 0/1 0/1 0/1 

Ferruginous Hawk 
Prairies 1965-72 1/50 ·2/49 1/50 

1 Rough-Iegged Hawk 
North 1965-72 0/13 0/13 0/3 0/3 

1 1973-79 0/1 0/1 0/1 
1980-88 0/6 0/6 1/6 0/2 

1 
Bald Eagle 1 

Atlantic 1965-72 1/1 0/1 0/1 
1980-88 0/2 

Ontario 1965-72 16/16 10/16 0/14 5/15 

1 1973-79 2/2 1/2 0/2 0/2 
Prairies 1965-72 4/13 2/13 0/5 1/10 

1 
1 
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TABLE 10. (continued) Proportion of eggs with threshold cIÎticallevels of DDE f 1 
dieldrin, heptachlor epoxide or mercury, likely to affect productivity. 

REGION YEARS DDE DIELDRIN HE MERCURY 1 
---------------------------------------------------------------------------

Golden Eagle 1 Prairies 1965-72 0/9 0/9 0/9 0/6 
1973-79 0/12 1/12 0/12 0/12 

North 1973-79 0/1 0/1 1 
Osprey2 . 

Atlantic 1965-72 3/3 0/1 0/3 1 Ontario 1965-72 4/8 0/8 0/1 0/8 
Prairies 1973-79 1/2 0/2 0/2 1/2 
B.C. 1965-72 1/2 0/2 0/2 

1 North 1973-79 2/2 0/2 0/2 0/2 

Northern Harrier 
Quebec 1965-72 1/1 0/1 0/1 0/1 1 Prairies 1965-72 3/22 3/22 1/22 0/8 

Merlin 3 1 N.Quebec 1965-72 1/1 0/1 0/1 1/1 
Prairies 1965-72 88/165 32/165 13/165 8/93 

1973-79 129/159 19/159 . 23/159 1/141 

1 1980-88 5/14 0/14 3/14 
B.e. 1965-72 1/1 0/1 0/1 3/3 
North 1973-79 4/4 2/4 0/4 0/4 

Prairie Falcon 4 1 
Prairies 1965-72 154/249 17/249 9/249 17/229 

1973-79 132/216 12/216 16/216 0/180 1 1980-88 3/16 6/16 0/16 0/12 

Peregrine Falcon (anatum) 

1 Atlantic 1965-72 1/1 0/1 0/1 0/1 
S.Que/Ont 1980-88 4/7 3/7 0/7 
Préliries 1965-72 5/5 3/5 0/5 1/5 

1973-79 12/20 "2/20 0/20 1/5 1 1980-88 8/14 3/14 3/14 3/11 
NWT/Yukon 1965-72 6/6 1/6 0/6 0/6 

1973-79 4/4 2/4 0/4 1/3 1 1980-88 6/9 1/9 1/9 

Peregrine Falcon (tundrius) 
North Quebec 1965-72 4/10 4/10 1 1973-79 3/4 3/4 0/4 1/4 

1980-88 2/10 2/10 0/10 

NWT 1965-72 7/23 8/22 0/15 5/23 1 1973-79 13/20 4/20 3/20 0/19 
1980-88 5/19 4/19 3/19 0/8 

1 
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TABLE 10, (continued) Proportion of eggs with threshold criticallevels of DDE, 
dieldrin, heptachlor epoxide or mercury,likely to affect productivity. 

REGION YEARS ODE DIELDRIN HE MERCURY 

-----------------------------------~-----------------------~---------------

Peregrine Falcon (pealeD 
B.e. 1965-72 7/12 0/12 0/6 7/10 

1980-88 0/4 0/4 .0/4 

Gyrfalcon 
North 1965-72 0/1 . 0/1 0/1 1/1 

1973-79 0/10 0/10 0/10 0/4 
1980-88 0/6 1/6 0/6 1/1 

American Kestrel 
Atlantic 1965-72 0/1 0/1 
Prairies 1965-72 1/8 1/8 1/8 0/3 

Great Homed Owl 
Ontario 1965-72 0/1 0/1 
Prairies 1965-72 6/30 0/30 2/29 0/7 
North 1965-72 0/1 0/1 0/1 1/1 

SnowyOwI 
North 1973-79 0/1 0/1 0/1 

Burrowing Owl 
Prairies 1965-72 0/1 0/1 0/1 0/1 

Great Grey Owl 
Minnesota 1980-88 0/3 0/3 0/3 

Long-eared Owl 
Praires 1965-72 0/7 0/7 0/7 0/3 

Short-eared Owl 
Prairies 1965-72 0/6 0//6 0/6 

---------------------------------------------------------------------------
1 Bald Eagle: critical value of ODE = 6 mg/kg 
2 Osprey: critical value of ODE = 4 mg/kg 
3 Merlin: critical value of ODE = 5 mg/kg 
4 Prairie Falcon: critical value of ODE:; 1.2 mg/kg 
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Figure 2. Geometrie Mean Residue Levels ln Aeeipitèr 
Eggs Colleeted ln Ontario, 1986-1988 
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Overall, the buteos were considerably less contaminated than the accipiters. 

Four eggs of Red-tailed Hawks collected in 1968were the only eggs to contain ODE 

in excess of 10 mg/kg (Table 10). Dieldrin concentrations exceeded 1.0 mg/kg in 

five Red-tailed Hawk eggs, two Swainson's Hawk, Bu~eo swainsoni,eggs, and two 

Ferruginous Hawk, Bu~eo regalis, eggs collected during the late1960s (Table 10) • 
. . 

Heptachlor epoxide levels exceeded the critical value of 1.5 mg/kg (Henny e~ al., 

1983) in. one Red-tailed Hawk egg, one Swainson' s Hawk egg, . one Ferruginous Hawk 

egg, and one Rough-legged Hawk egg. One Red-tailed Hawk egg also contained 1.6 

mg/kg mercury, slightly above the critical value reported to c.ause detrimental 

effects on reproduction (Fimreite,1971; Heinz, 1979). 

Bald Eagles, which feed on fish, birds, and carrion, exhibited high levels 

of contamination in their eggs. This agrees with observations of declines in many 

populations, particularly along the Great Lakes (Brownell and Oldham, 1980). 

Twenty-three of 34 eggs contained ODE residues in excess of 6 mg/kg (Table 10), 

twenty-one of them were greater than 15 mg/kg. ODE attained maximum values of 100 

mg/kg in areas of Northern Ontario where reproductive failures were common 

(Grier, 1982). 

Thirteen Bald Eagle eggs containèd more than 1.0 mg/kg dieldrin. Six eggs 

contained more than 2.0 mg/kg, more than twice the critical value associated with 

reduced reproductive success in some raptors. Heptachlor epoxide and other 

organochlorines were relatively low in all eggs. Mercuryexceeded the critical 

value of 0.5 mg/kg in six out of twenty-eight eggs. 

In eggs of Golden Eagles, a species which feeds almost entirely onmammals 

(Sherrod, 1978), only dieldrin at 2.12 mg/kg in one egg from Alberta (Table 10) 

was found to exceed concentrations associated with reducedproductivity in this 

species. 

Only two Osprey eggs ·from the.prairies were found to contain more than 12 

mg/kg ODE, the critical value determined by Wiemeyer e~ al., 1975. However, 11 

of the 17 eggs collected .between 1968 and 1973 contained more than 4 mg/kg, 

levels high enough to reduce productivity (Wiemeyer e~ al., 1988). None of the 

other organochlorines or mercury detected in Ospreys exceeded the critical values 

(Table 10). 

Northèrn Harriers, Circus cyaneus, may have been affected by organochlor ines 

in the pasto Four eggs frèm the Prairie region contained more than 10 mg/kg ODE, 
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three eggs exceeded the critical value for dieldrin and one egg exceeded the 

critical value for heptachlor epoxide (Table 10). The most contaminated egg 

contained 5.0 mg/kg dieldrin. There have been no analyses of eggs of this species 

since 1971. 

Falcons, some of which are very susceptible to organochlorines (Fyfe et al., 

1988), tended to be highly contaminated. More than two hundred of the Merlin eggs 

collected in the Prairies during the late 1960s and early 1970s contained ODE, 

dieldrin, and heptachlor epoxid'e in excess of critical values (Table 10). During 

the mid 1970s , dieldrin levels were as high as 5.6 mg/kg and heptachlor epoxide 

levels reached 9.1 mg/kg. During the,same period, concentrations of HeB greater 

than 5.0 mg/kg and oxychlordane greater than 1.0 mg/kg in a few eggs were also 

potentially hazardous. By 1988, there were no eggs with elevated dieldrin levels, 

but five of 14 eggs contained more than 5.0 mg/kg ODE, and three eggs contained' 

more than 1.5 mg/kg heptachlor epoxide (Table 10). 

A number of Prairie Falcon eggs collected between 1966 and 1988 in the same 

areas as the Merlins also, exhibited high levels of ODE, dieldrin, heptachlor 

epoxidej and mercury (Table 10). This species is the most susceptible to 

DDE-induced eggshell thinning, with effects on reproductive success probably 

evident at ODE levels greater than 1.2 mg/kg (Fyfe et al., 1988). 

ODE in all eggs of Gyrfalcons, Falco rusticolus, was less than 10 mg/kg, but 

one egg contained more than 1.0 mg/kg dieldrin (Table, 10) ~ Ali American Kestrel 

eggs analyzed. prior to 1972 contained less than 10 mg/kg ODE, but one egg 

contained 1.25 mg/kg dieldrin and 4.8 mg/kg heptachlor epoxide. Eggs of American 

Kestrels from Ontario collected in 1987 and 1988 contained low levels of most 

contaminants. ODE levels in those pools, however, varied from 0.44 to 10.8 mg/kg, 

suggesting that some individuals had been exposed to this chemical. As this 

species is apparently not particularly susceptible to DDE-induced shell thinning 

(Fyfe and Peakall, 1988), the ODE levels detected probably had little effect on 

populations. 

Many eggs of Peregrine Falcons contained ODE in excess of 10 mg/kg (Table 

10). Furthermore, ODE in many eggs exceeded 15 mg/kg, the critical value 

considered to be associated with population declines in this species (Peakall et 

al., 1990). 

Owls were relatively uncontaminated, but there is little recent data. Only 
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eggs of the Great Horned Owl were found to contain potentially hazardous levels 

of organochlorines. DDE concentrations up to 16 mg/kg in eggs of this species 

from the Prairies may have caused sorne eggshell thinning. Two eggs contained 

heptachlor epoxide in excess of 1.5 mg/kg. 

None of the eggs of other owl species (Snowy Owl, Great Grey Owl, Long

eared Owl, Short-eared Owl, or Burrowing Owl) were found to have significant 

amounts of any contaminants (Table 10). This is probably related to their 

predominantly mammalian diet (Godfrey, 1986), a food source usually low in 

organochlorines (Lincer and Sherburne, 1974). 

5.4 Levels of contaminants in relation to diet 

As expected, diet appeared to be the most important influence on differences 

in contaminant levels among raptor species. We assigned species to one of five 

groups, based on their principal prey during the breeding season (i.e. bi~9S, 

mammals, fish, invertebrates or omnivorous). References for the diet assignments 

are listed in the species accounts (Chapt~r 7.0). 

Figures 3 to 6 show that levels of contaminants detected in Canadian raptors 

collected in the 1980s appeared to roughly reflect their diet. DDE residues 

exceeded 3 mg/kg only in eggs of bird-eating species, such as peregrine Falcons, 

Merlins, Sharp-shinned Hawks and Cooper' s Hawks, and in Amer ican Kestrels, w~.i..ch 

feed éxtensively on insects during the breeding season (Figure 3). The low DDE 

level in the single Bald Eagle eg9 collected during this time was unexpected, 

considering that its main diet of fish or birds are usually relatively 

contaminated (Frenzel arid Anthony, 1989). Dieldrin (Figure 4) and heptachlor 

epoxide (Figure 5) residues were h~ghest in eggs of bird-eating species. 
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Figure 3 Mean DDE residues in eggs of Canadian raptors, 1980-1988. 
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Figure 4 Mean dieldrin residues in eggs of Canadian raptors, 1980-1988. 
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Figure 5 Mean heptachlor epoxide residues in eggs of Canadian raptors 9 1980- JI. 988. 
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Figure 6 Mean mercury residues in eggs of raptors from the Prairie Provinces. 1965-72. 
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Mercury residues, however, in eg~s of raptors collected in the Prairie 

provinces between 1965 and 1972 showed no particular trend with diet (Figure 6). 

Peregrine Falcons were the most contaminated. The analyses of liver samples from 

Canadian raptors collected between 1968 and 1976 include more species (Table 9). 

Bald Eagles and Turkey Vultures were the most contaminated, with some livers 

containing more than 30 mg/kg mercury. Ospreys, Short-eared OWls Asio flammeus, 

Great Horned OWl·s and Burrowing OWls also had significant levels of mercury in 

their livers. These data suggest that exposure to mercury is mainly through 

aquatic systems, or by eating carrion. 

The raptor eggs included in Figures 3 to 6 were collected from three regions 

of Canada; there appeared to be little effect of region on contaminant levels. 

This was true for most of the data. Few species were sampled in more th an one 

location during the same years so it was not usually possible to analyze the data 

for geographical differences. Moreover, raptors inhabiting different regions of 

Cànada also tend to differ in diet and in migratory habits, further confounding 

the interpretation of geographical variation. Geographical variation in 

contamination of Peregrine Falcon.eggs is discussed in Chapter 7.18. 

Generally, similar relationships between diet and contaminant levelswere 

found in other data sets. Among raptorsbreeding in the Prairie provinces between 

1965 and 1972, ODE was highest in Northern Harriers, .with Sharp-shinned Hawks and 

cooper's Hawks and the piscivorousBald.Eagles containingonly moderate amounts. 

Other species which preymainly on smallmammals, such as the buteos and Golden 

Eagles, contained very little ODE. 

Figure 7 depicts mean levels of ODE, dieldrin and' heptachlor epoxide in 

seven raptor species collected in the Western Arctic (mainly the Yukon) in 1972 

and 1973. ODE was highest in Merlins and Peregrine Falcons (which feed mainly on 

migratory birds) and Ospreys. However, Os prey eggs contained very little dieldrin 

or heptachlor epoxide. The single Snowy OWl, Nyctea scandiaca, egg contained more 

heptachlor epoxide than most other raptors sampled. In contrast, mercury was 

highest in the Osprey, and low in all other species (Figure 8). 

62 

1 
1 
1 
l, 
1 
1 
'1 
1 
1 
1 
1 
1 
1 
'1 
l, 
1 
1 
1 
1 



1 
1 
1 
" 

1 
1 
,1 
1 
1 
l' 
,1 
1 
,1 

1 
1 
1 
1 

Figure 7 Levels of organochlorine contaminants in eggs of raptors 
collected in the western Arctic in 1972 and 1973. 
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Figure 8 Levels of mercury in eggs of raptors collected in the 
western Arctic in 1972 and 1973. 
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similar patterns of contamination in relation to diet have been documented 

elsewhere. Prey selection appeared to account for most of the differences in 

contaminant levels in concurrently-sampled arctic raptors (Cade et al., 1971), 

accipiters (Snyder et al., 1973), and raptors found dead in Florida (Sundlof et 

al., 1986). Among the criteria for elevated residues. in raptors appear to be· prey 

species that are either i) migratory and insectivorous (Enderson et al., 1982), 

ii) aquatic (Saril et al., 1989), or iii) ground-feeding (Johnston, 1975). 

5.5 Temporal chanqesin qontaminant levels 

Data permitting the evaluation of temporal changes in contaminant residues 

are limited. Only eggs, which are representative of contamination at the 

beg.inning of the breeding season and which tend to be uniform in fat and water 

content, provide a standardized sample to compare among years. Unfortunately, in 

most cases, the numberof eggs collected at a particu1ar location (often one. or 

two collected opportunistical1y) was insufficient to detectstatistical 

differences. We have, therefore, pooled eggs from different regions and years, 

based on the timing of pesticide restrictions in Canada. Nevertheless, the 

extreme variability in contaminant levels in eggs meant that few trends werè 

significant. 

In the Prairies, contaminant residues in the eggs of four species were 

examined for temporal trends. Since it was not possible t.o quantitatively measure 

PCSs, chlordane metabolites, HCH, or chlorinated benzenes, in earlier analyses, 

long term trends are available only for ODE, dieldrin, and heptachlor epoxide. 

In eggs of Swainson's Hawks from Saskatchewan and Alberta, dieldrin levels 

after 1968 were significant1y lower (t-test, Table Il) than prior to 1968, 

whereas ODE and heptachlor epoxide did not show this pattern. In eggs of 

Ferruginous Hawks, annual geometric means of ODE, die1drin and heptachlor epoxide 

exhibited the same pattern as in swainson's.Hawks, a1though there were no 

significant differences in mean concentrations between the two time periods 

(t-test, Table Il). 
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Table 11. Significance and direction of changes in residue levels with time. 

Species and time periods compared: 
DDE Dieldrin Heptachlor epoxide 

PRAmIE REGION: 

Swainson's Hawk 
1968-71: 1984-85 N.S. DECLINE .... N.S. 

Ferruginous Hawk 
1968-72: 1984-85 N;S. N.S. N.S. 

Merlin 
1965-72: 1973-78 INCREASE .... N.S. INCREASE .... 

1973-78: 1980-88 DECLINE .... DECLINE .... DECLINE .. 

1965-73: 1980-88 DECLINE ... DECLINE .... N.S. 

--------------------------------~--------------------------------------------------

ARCTIC REGION 

Rough-Iegged Hawk 
1966-72: 1980-81 N.S. N.S. N.S. 

Gyrfalcon 
1973-75: 1980-81 N.S. N.S. N.S. 

---------------------------------------------------------------------~--------------

.. 0.01 < P < 0.05 

..... P < 0.01 
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Although temporal trends were not statistically analyzed, Prairie Falcon 

eggs collected in Saskatchewan and Alberta, showed declines in dieldrin, 

heptachlor epoxide, oxychlordane, and PCBs between 1968 and 1988. HCB levels in 

eggs increased during the sameperiod. 

ODE and dieldrin conCi;!ntrations in Merlin eggs from Saskatchewan and Alberta 

declined between 1968 and 1988 (Figure 9) but, unlike prairie Falcons, heptachlor 

epoxide egg levels increased. Scheffe's multiple range comparisons of residue 

levels in viable eggs showed that' both ODE and heptachlor epoxide, but not 

dieldr.in, increased significantly between the earliest time period and the mid 

to late 1970s (Table 11). By the mid 1980s, ODE, dieldrin, and heptachlor epoxide 

had declined to significantly lower levels, àlthough heptachlor epoxide levels 

did not differ significantlyfrom those det~cted in the earliest collections. 

Very little long-terrndata were ·available from outside the Prairies. If 

analyses reported by Grier (1982) are included, it is possible ta track changes 

in contaminant levels in eggs of Bald Eagles (Figure 10). Grier, using sorne of 

the data reported here, found that ODE, but not dieldrin or mercury, declined}n 

Bald Eagle eggs from Northern Ontario between 1970 and 1982. There was no 

evidence of a decline in PCB levels, but because PCB data from 1970 may be~n

underestimate (Turle et al., 1988), we ~ust be cautious in our interpretation. 

Two arctic species were sampled at enough locations to permit sorne analysis 

of temporal trends. In eggs of Rough-legged Hawks, only dieldrin residues showed 

a significant downward tren~, . while heptachlor epoxide levels appeared to 

increase. Comparisons of geometric means between the earliest collections and the 

1980s, revealed no significant differences in ODE, dieldrin, or heptachlor 

epoxide Ct-test, Table. 11). In the relatively small sampl~s of Gyrfalcon eggs, 

no consistent trends iri any contaminants could be detected (Figure Il). 

There were insufficient data from either Atlantic Canada or British Columbia 

to permit statisticai analyses of temporal trends of contaminant concentrations 

in any raptor. 
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Figure 10 Changes in residue levels in eggs of Bald Eagles from 
northwestern Ontario. 
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FIgure Il Changes in residue levels of organochlorine contaminants . 
in eggs of Gyrlalcons in Northern Canada 
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Raptors have been used to monitor changes in environmental levels of 

persistent contaminants in the U.S.A. (Sundlof et al., 1986) and Europe (Cooke 

et al., 1982; Froslie et al., 1986; Newton et al., 1986). In most cases, these 

were much larger data sets than are reported here. The extreme variability in 

both egg and tissue levels due to geographic and individual differences in diet 
• 

and migratory behaviour in Canada make it difficult to discern many trends. From 

the sparse temporal data for Canadian raptors, we can conclude only that dieldrin 

and probably ODE currently occur at lower levels in the Prairies than during the 

early 1970s, and that heptachlor epoxide levels appear to be stable. 

S. 6 sta tus of raptor popula t.ions in Canada 

The status of raptor populations in Canada are not well known, despite 

increasing interest in their conservation. All estimates are subjectto biases, 

and require cautious interpretation, as discussed by Fuller and Mosher (198n). 

Table 12 summarizes reports of the status of North American raptor 

populations, based on a number of sources. Blue lists are subjectively based on 

"expert" opinions of the relative abundance of a particular species in their 

area. Counts at hawk migration stations, during Breeding Bird Surveys and 

Christmas Bird Counts are influenced by a number of factors. The effects of such 

variables as weather and observer effort bias are likely to differ with the 

method, hence we have assumed that the estimates from the various sources are 

independent. Sorne assessments of populationstatus were determined by modelling. 

Henny (1972) used banding and reproductive data to estimate survival and 

recruitment rates. The biases inherent in the methods used to obtain the 

estimates differ considerably with the method. Therefore, we consider that a 

consistent status assessment for any given species constitutes evidence for that 

assessment. 

The sources cited in Table 12 tend to be broad surveys of the status of 

raptor populations, differing in the periods considered. We used those surveys 

in conjunction with the available literature on the status of particular species 

or populations in Canada (see Chapter 7.0), in orderto assign each raptor to one 

of four categories (Table 13). 
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TABLE 12. Status of North American raptor populations based on differentsources. 

Source: . Henny, 1972 

Time period: . 1946-68 

Fyfe,1976 

1975 

Robbins et al,1982 Heintzelman,1986 

1965-79 1961-84 

Blue List 

o 
1980s 

-------------------------------------------------------------------------------------------------------------
Sharp-shinned Hawk stable stable inerease(1977 -84) declining? 

decline in Ont 

Cooper's Hawk declining stable stable inerease(1975-84) stable 
decline in Ont. 

Northern Goshawk eyelie eyelie 

Red-tailed Hawk stable stable in cre as ing stable 

Red-shouldered Hawk declining declining stable declining? declining 

. Broad-winged Hawk stable stable stable 

Rough-Iegged Hawk Huet. . eyelie 

Ferruginous Hawk stable declining? 

Swainson's Hawk declining stable? 

Bald Eagle stable inerease(1975-84) 
declining in Onl 

Golden Eagle stable declining stable 

Os prey declining stable inerease(east) stable inerease 
declining(west) 

Northern Harrier fluet. declining stable 
decline .in Alta 

Turkey Vulture stable 
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TABLE 12. (continued) Status of North American raptor populations based on different sources. 

Source: Yenny,1972 

Time period: 1946-68 

Peregrine Falcon 

Prairie Falcon 

Merlin 

American Kestrel declining(196Q-10) 

Gyrfalcon 

Great Horned Owl 

Short-eared Owl 

Long-earedOwl 

Barn Owl stable? 

. Burrowing Ow! 

Great Grey Owl 

SnowyOwl 

Saw-whet Owl 

Fyfe,1976 . Robbins et al,1982 Heintzelman,1986 

1975 1965-79 1961-84 

declining 

stable in Prairies 
decline in B.C. 

stable 
decline in Ont. 

stable. 
increase in B.C. 

stable 

stable 
increase in Onl 

fluet. 

fluet. 

stable 

fluet. 

fluet. 

. '. ~ 

stable 

declining(1972-84) 

declining 

eyelie 

stable 

declining 

Blue List 

. 1980's 

declining 

declining? 

declining? 

------~-----------------------------------~--------------------~---------------------~---~---------------
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Table 13. Status oC North American raptor populations in relation to organochlorine pesticide use in 
North America. 

Category 1: Populations that declined during peak years oC organochlorine pesticide ùse in North Cl .. 

America 

oBald Eagle (Eastern Canada) oPeregrine Falcon (most of North America) 
eOsprey (Eastern North America) oPrairie Falcon (Prairies) 
"Merlin (Eastern North America and Prairies) oCooper's Hawk 

Category 2: Populations that declined since restrictions on the use oC organochlorine pesticides were 
implemented in the early 1970s 

-Red-shouldered Hawk -Short-eared Owl 
-Ferruginous Hawk (Prairies) -Burrowing Owl (Prairies) 
-Barn Owl 

Category 3: Populations which appear to have been stable or increasing 

-Red-tailed Hawk -Great Horned Owl 
-American Kestrel -Turkey Vulture 

Category 4: Insufficient inCormation to determine thestatus oC population in North America .' 

-Golden Eagle -Gyrfalcon 
-Northern Goshawk -Northern Harrier * . 
-Sharp-shinned Hawk* . -Snowy Owl 
-Rough-Iegged Hawk -Great Grey.Owl 
-Swainson's Hawk -Long-eared Owl 
- Broad-winged Hawk 

* declines have been suggested by some authors 
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The first group includes all species for which significant population 

declines were reported during the era of heavy pesticide use. It includes: i) 

Bald Eagle populations in Ontario and the Maritimes (Postupalsky, 1972; Stocek 

and Pearce, 1978; Grier, 1982), ii) Merlins, particularly in the Prairies (Fox, 

1971; DeSmet, 1982) but see Oliphant and Thompson (1978), iii) Prairie Falcons 

(Fyfe et al., 1969), Iv) Osprey (Postupalsky, 1972), v) Cooper's Hawks (Penak, 

1983) and vi) PeregrineFalcons (Peakall, 1976). 

Sorne of those species arecurrently showing evidence of recovery; other 

populations are still reduced. Bald Eagle populations are now considered stable 

or increasing throughout most of Canada, except in the Great Lakes region 

(Gerrard and Ingraham, 1985). Peregrine Falcons are also starting to return to 

historical sites, aided in many cases by intensive reintroduction programs. 

For sorne species,there is little information on the status of Canadian 

populations, so we have extrapolated from population trends in the USA. Osprey 

populations in Cànadaapparently did not experience the dramatic declines noted 

in the U.S.A. (Fyfe, 1976), but there is sorne evidence that current productivity 

in Nova Scotia has increased since the mid-1970s (Fleming, pers. comm.). Althou'gh '. ~ 
opinions differ as to the extent of population declines of Merlins during the 

1950s and 1960s, particularly,in the Prairies (DeSmet, 1982), productivity is 

currently high and numbers appear to be stable. 

Determining the status of Cooper's Hawks in Canada was also problemat~c; 

Sharp declines in numbers and reduced productivity of Cooper' s Hawks were 

reported in the U.S. (Henny and Wight, 1972; Snyder et al., 1973), but not 

everywhere (Table 12). Extensive shooting of this species during the 1950s and 

1960s might be one complicating factor (Penak, 1983). An ability to compensate 

for declining numbersby high productivity early in life might be another. 

The second category is comprised of species which are currently declining 

in numbers, whether or not they were known to be declining in the pasto Canadian 

raptors in this category include: i) Red-~houldered Hawks (Risley, 1983), ii) 

Ferruginous Hawks in the Prairies (Schmutz and Schmutz, 1980), iii) Barn Owls 

(Campbell and Campbell, 1983; Calvin, 1985), Iv) Short-eared Owls, and v) 

B~rrowing Owls (Wedgewood, 1978). 

The third category is comprised of species whose overall populations have 

always been stable ~r which appea~ to be increasing. These include: i) Red-
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tailed Hawks, ii) American Kestrels, iii) Turkey Vultures and iv) Great Horned 

OWls. 

The final category is comprised of species for which there is no consistent 

evidence of either declines or increases (Table 12). These include most of the 

boreal fore st owls, Golden Eagles, Gyrfalcons (Martin, 1978), Northern Goshawk, 

Rough-legged, Swainson t s, and Broad-winged Hawks Buteo platypterus, Sharp-shinned 

Hawks (Flood and Bortolotti, 1986) and Northern Harriers. 

There are many possible causes of raptor declines, not the least of which 

ls direct mortality due to shooting, an activity that was very prevalent as late 

as the 1960s. Other factors include 109s of nesting habitat, reductions in prey 

numbers, disturbance to breeding areas, competition fram more successful species, 

and poisoning by currently used insecticides, rodenticides or other compounds. 

Examination of the species in each category reveals some common 

denominators. The species in category l, which exhibited the most dramatic 

declines.in the 1950s and 1960s (the DDT.-era), feed primarily on. birds or fish.· 

We stated .earlier that eggs.of bird-eating .raptors contained the highest' levels' 

of ODE and other organochlorines. Livers of piscivorous species suchas Bald 

Eagles and Os prey had the highest concentrations of mercury. S'ince legislation 

restricting the use of organochlorines, and mercurials was introduced. in the late 

1960s and early 1970s, species such as'the, Bald .Eagle haveshown evidenceof

increased reproductive success and increased numbers (Grier, 1982). 

Although some of the species in the second category also feed on birds, most 

are species withspecialized habitat requirements. The decline of Red-shouldered 

Hawks in Ontario has been attributed mainly to loss of riparian deciduous forests 

(Risley, 1983). In Western Canada, the deterioration and loss of natural prairie 

and its replacement with agricultural crops, has undoubtedly contributed to 

declines in raptors such as the Ferruginous Hawk (Schmutz and Schmutz, 1980) and 

the Burrowing OWl (Wedgewood, 1978). 

Species in the third category tend to adapt well to human activities, 

profiting from new sources of food. Although American Kestrels are likely to be 

exposed to potentially hazardous agricultural chemicals, numbers may have 

increased due the increase in suitable open habitat and the availability of nest 

boxes. Red-tailed Hawks may have benefited from the reduced numbers of some of 

their competitors (Runyan, 1987). 
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Thefourth category includes most of the arctic species, for which few 

population data are available, and which have probably not been affected by 

habitat changes. It also includes species with cyclic fluctuations in numbers~ 

Numbers of Northern Harrier, .Gyrfalcon, and Rough-legged Hawk tend to correspond 

to the density of their primary prey species: voles, ptarmigan, and lemmings, 
.. . 

respectively (Martin, 1978; Duncan, 1986; Godfrey, 1986). Finally, this category 

includes such abundant species as the Sharp-shinned Hawk, whose population trends 

have never been established (Flood and Bortolotti, 1986). This species is still 

blue-listed in sorne areas of North America (Tate and Tate, 1982; Tate, 1986), but 

other populations appear to be healthy. 

6.0 USE OF RAPT ORS AS MONITORS OF ENVIRONMENTAL CONTAMINATION 

The catastrophic declines in certain populations of raptors in Western 

Europe and in Eastern North America during the 1960s focused attention on the 
·f::~· 

deadly effects of persistent insecticides and mercury. The widespread occurre~ce 

of poisoned raptors was a dramatic and obvious indication that the environment 

was severely contaminated. Since those events, raptors have been used as ad hoc 

indicators of the magnitude of environmental contamination. 
..,~. 

The purpose of this chapter is to describe and evaluate the use of rapt ors 
:~~': .. 

as monitors of environmental contamination in Canada. 

6.1. Rationale 

The bioaccumulation of many contaminants in organisms results in 

magnification of residue levels at each rung of the terre_trial food chain 

(Lincer and Sherburne, 1974; Beyer and Gish, 1980). Raptors are often at the top 

of food chains, and therefore tend to accumulate high concentrations of 

lipophilic contaminants (such as organochlorines), as well as sorne heavy metals 

and radionuclides. 

We assume that the main objective of a monitoring program is to detect 

changes in contamination over time. Levels of contaminants in raptors should 
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reflect those in their prey and other components of the ecosystem therefor 

changes in overall contamination can. be detected by monitoring levels in raptors. 

It may also be possible to compare contaminant levels in different areas. The 

main criteria for selection of an appropriate monitor species are: i) the ability 

to accumulate high levels, ii) a broad distribution, oiii) abundance and 

accessibility, and iv) knowledge of its biology, particularly diet and seasonal 

movements (Gilbertson et al., 1986). 

History of surveys for contaminants in Canadian raptors 

In Canada, analyses of raptor eggs for contaminant content were initiated 

in the late 1960s. Tissue samples from raptors found dead were chemically 

analyzed by CWS in order to help determine the cause of death. A few individuals 

were collected in order to provide control levels of contaminants. in random 

samples of the population. 

The main aim of these initial surveys was to establish contaminant levels 

in raptors and to identify the cause of population declines. Because so many 

contaminants were· discovered in the. eggs and tissues,. it was diff.icult·. to 

determine whichcontaminant, if any, was responsible for the problems .. in .raptors:; 

Until experimental studies were completed, the evidence for toxic effects'of 

organochlorines and mercury was purely correlative (Chapter 4.0). 

The tanadian Wildlife Servic~ continued to analyze eggs and tissues of 

raptors throughout the 1970s and 1980s (Table 1). Although there has been no 

official long-term monitoring program of any Canadian raptor, large data sets 

exist for a few species. These include the results of analyzing more than 340 

Merlin eggs and more than 490 Prairie Falcon eggs, between 1967 and 1988. More 

than fortyeggs of Bald Eagles nesting in Northern Ontario were collected by 

W.Grier between 1968 and 1981 in collaboration with CWS (Grier, 1982). 

Apart from the studies above, littlelong-term data on contaminants in 

Canadian raptors exist. For most species, the data consists of analyses of 

unhatched eggs from severa1 locations, as well as analyses of livers, brains, 

muscle or fat of nestlings found de ad in the nest Qr adults found dead or shot. 

In a few cases, eggs were sampled in the 1980s in order to compare contaminant 
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levels with those found in eggs collected earlier. 

Current projects include: 1) surveys of contaminant levels in eggs of 

accipiters in Southern Ontario; 2) monitoring of blood levels in several raptor 

species at hawk migration points along the Great Lakesi and 3) analyses of eggs 

of prairie raptors, collected to compare residue levels with those in the 1970s. 

6.3 Use,of raptors as monitors outside cana~a 

Outside Canada, raptor.s have often been usedto monitor environmental levels 

of contaminants in terrestrial ecosystems and their biota. since 1963, the Nature 

Conservancy in England has analyzed tissues of raptors submitted to them by the 

public (Cooke et al., . 1982). specimens in the "trauma category" (where the 

obv ious cause of death was unrelated to pesticides) were considered to be 

representatlve of the population, and were used to monitor changes in contaminant 

levels over time. 'In Holland, birds of prey found dead between 1965 and 1968 were 
~ .. 

analyzed for organochlorine content in order to determine whether the bans on 

.seed-d~essings were successful in reducing levels (Fuchs et al., 1972).· In 
-

Norway, Froslie et al. (1986) reportedthe levels of mercury and organochlorines 

in livers of hawks andowls collected between 1965 and 1983. There were no 

significant declines of any compounds in the livers .of six speèies, but ODE and 

PCBsdeclined in the eggs of Sparrow Hawks and Eagle Owls. In Spain, Hernandez 

et al. (1986) found that ODE had declined but pce levels had remained about the 

same in eggs of raptors'collected in 1980-83 compared to those from 1972-76. In 

Sweden, there were no significant changes in levels of PCBs, ODE, or mercury in 

the eggs of White-tailed Eagles between 1965 and 1978 (Helander et al., 1982). 

6.4 Evaluation of 'possible monitoring programs using raptors 

6.4.1 Raptor specimens found dead 

Sorne raptors founddead, includirignestlings, are submitted to the Canadian 

Wildlife Service for necropsy and analysis of organochlorine and heavy metal 

79 

:E! .. : 



content. These constitute a valuable source of specimens that are either: i) 

obvious accidental deaths, or ii) possible cases of poisoning. The proportion of 

specimens with potentially lethal (or elevated) contaminant levels in their 

tissues could be used as an index of mortality due to a particular contaminant. 

A more difficult question is whether specimens obtained randomly, such as obvious 

accidental deaths could be used to assess the mean residue levels in the 

population. There may be a bias because of the tendency of contaminated birds to 

become impaired. 

In the U.S.A., lethal levels of contaminants in the brains of raptors have 

been used to estimate the incidence of pesticide-related mortality. Tissues of 

75 de ad or moribund raptors collected in Florida were reported by Sund lof et al. 

(1986), who detected lethal concentrations of dieldrin in three individuals. In 

Illinois, Havera and Duzan (1986) reported that five of 57 birds of prey found 

dead or disabled between 1966 and 1981 had lethal levels of dieldrin in their 

brains. Since the early 1970s, tissues of Bald Eagles (Kaiser et al., 1980) and 

Osprey (Wiemeyer et al. 1987) found dead across the U.S. have been analyzed for 

organochlorine and heavy metal content. 

It should be remembered that all analyses of tissues, differences in diet, 

age, and sex among individuals sampled introduce considerabl~ variance. 

Although raptors'found deador sick are more likelyto be reported than many 

other wildlife species (because of relatively high interest in their welfare) , 

the number of samples submitted to the Canadian Wildlife Service is currently 

small. For a monitoring program dependent on submitted samples to succeed in 

Canada, it should be carried out in conjunction with veterinarians and/or 

rehabilitation centres, with considerable efforts made to increase reporting of 

casualties. Species inhabiting remote or inaccessible areas could probably not 

be sampled this way. Regular collections of sorne of the more common species is 

another option, but one that might not be favoured by all those concerned with 

the weltare of raptors. 

6.4.2 Egg collections 

Regular collection of fresh eggs from a particular area appears to be the 
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best way to monitor changes in contamination of raptors. Randomly collected eggs, 

which vary little in lipid content (Peakall and Gilman, 1979), provide a means 

of obtaining a standard sample, representative of the population. A disadvantage 

of egg,collections for estimating exposure in a population is that only females 

are being sampled. Males aild females may utilize separate prey bases in sexually 

size-dimorphic species. 

Another criticism.of collecting fresh eggs is that sampling will reduce 

productivity. There is also the possibiiity that visits to nest sites early in 

the season will unduly distùrb the breeding birds and cause desertion~ Therefore, 

collection of fresh eggs may not be desirable for rare species or those prone to 

de sert ion. 

. Alternatively, it is possible to collect unhatched eggs remaining in the 

nest at the end of the season. These constitute a biased sample of .the eggs most 

likely to exhibit high residue levels. Contaminant concentrations in nonviable 

eggs can be compared to those in fresh eggs in order to assess the effects on 

hatchability. 

Eggs may be difficult to collect. Many species breed in remote areas, or in 

inaccessible sites such as cliffs or the tops of dead trees.Raptors are 

generally solitary breeders, and the nests of some species are difficult to find. 

6.4.3 Blood samples 

Levels of contaminants in blood of migrating raptors have been used to 

investigate the possibility that contaminants areacquired on the wintering 

grounds rather than in the breeding areas (Henny et al., 1982; Elliott and Shutt, 

1993). Although blood levels may be influenced by the physiological state of the 

individual, blood sampling ofraptors at raptor banding stations should beable 

to be used to i) monitor blood levels directly, or ii) predict egg residues. 

Henny and Meeker (1981) found the blood plasma - egg relationship to be species

independent. We feel that monitoring organochlorines in the blood of migrating 

raptors should be pursued as a viable supplement to egg collections. 
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Feathers 

We have no data on levels of environmental contaminants in feathers of 

Canadian raptors, but feathers have been used by a number of authors (Appelquist 

et al., 1984; Furness et al., 1986) to monitor levels of mercury in the 

environment. Because most of the body burden of mercury is contained in the 

feathers, the mercury content ofa particular feather is influenced by the moult 

sequence. Furness et al. (1986) noted that the mercury content of feathers does 

not reflect dietary levels of mercury at the time of feather growth, but the 

amount of mercury stored in body tissues. 

605 Ose of raptors as bioindicators 

There is considerable evidence that raptors are relatively susceptible to 

contaminants. Egg-shell thinning associated withelevated DDE levels, and the 

toxic effects of dieldrin, heptachlor epoxide, and mercury have been well 

established in both experimental and field studies (Chapter 4.0). Concern about 

the additional stress of environmental contaminants on raptors already under 

siege from other factors.provided the impetus for many of the early studies. The 

Peregrine Falcon is now probably the best known symbol of the deadly effects of 

DDT. However, whether the effects in raptors (such as eggsheli thinning or 

population declines) can be used to quantitatively assees contamination of the 

environment is a complex subject that will not be discussed in detail here. 

7.0 DETAILED SPECIES ACCOONTS 

7.1 Northern Goshawk Accipiter gentilis 

The breeding distribution of the Goshawk extends across Canada below the 

treeline south to Mexico (Palmer, 1988). Although found to breed in many 

habitats, this species prefers edges of both coniferous and mixed forests.The 

wintering rànge extends slightly further south than the breeding range (Godfrey, 
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The diet of the Goshawk, .particularly the female, includes more mammals than 

that of other accipiters (Storer, 1966), and because of its larger size, a wider 

variety of prey can be taken. Major prey items include gamebirds, hares, rabbits 

and squirrels (Palmer, 1988). In the eastern U.S.A.~ mammals such as chipmunks 

and squirrels accounted for 40 to 60% of its diet, while birds (mainlygrouse, 

crows, jays, flickers and doves)accounted for the remainder (Sherrod, 1978). 

7.1.1 Analyses 

One freshegg from a nest in New Brunswick was collected in 1969 and four 

fresh eggs were collected in 1987 from southern .Ontario .. 

Levels and toxic effects 

Levels of ODE, 000, DDT, dield~in, and heptachlor epoxide in eggs (Table J) 

were below levels associated with reduced reproductive success in other 

accipiters (Snyder et al., 1973; Newton et al., 1986). 

~;,o~._ 

Snyder et al. (1973) found Goshawk eggs to have the lowest residues of ODE 

among accipiters, and related this to the prevalence of mammals and resident 

birds in their diet compared with other accipiters. Nevertheless, exposure to 

pesticide spraying may result in elevated tissue levels. Residues of DDT and 

metabolites in blood plasma of Goshawks were 2.6 times those found in American 

Kestrels in an area sprayed with DDT (Henny, 1977). There have been no reports 

of egg·breakage attributed to contaminants in this species. 

7.1.3 status and conclusions 

There are no reports of population declines of Northerrt Goshawks in Canada 

or the. U.S.A. Population trends are difficult to assess because of the 
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periodicity of its population cycle, which track the cyclic eruptions of its 

'primary prey, snowshoe hares and grouse (Heintzelman, 1986). This species is less 

dependent on migratory birds than other accipiters and does not appear to be as 

readily exposed to organochlorine contaminants. In Europe, it has been suggested 

as a good monitor of heavy metal levels (particularly lead and cadmium) because 

it is usually resident rather than migratory, widely distributed, and prey 

remains can be identified near the nest site (Ellenberg et al., 1985). 

Cooper's Hawk Accipiter cooperii 

The Cooper' s Hawk has a breeding distribution in Canada extending fram 

southern B.C. to southern Quebec. Althaugh some individuals winter in southern 

Ontario, others may migrate as far south as Costa Rica or Guatemala (Palmer, 

1988). It breeds in both deciduous and coniferous forests, with a preference for 

riparian habitat (penak, 1983). 

Cooper's Hawks have a preference for birds, which constitute from about 60% 

of its diet in the western U.S.A. (Snyder et al., 1973; Reynolds and Meslow, 1984) 

to 85% in the northeastern U.S.A. (Sherrod, 1978). Birds taken are primarily 

medium-sized songbirds (Blue Jays, woodpeckers, starlings, .Robins), as well as 

doves, bobwhite, pheasants and other gallinaceous birds (Palmer., 1988). About 15 

to 30% of the diet are mammals, mainly chipmunks and squirrels. Invertebrates and 

amphibians are also occasionally consumed (Duncan, 1966). 

7.2.1 Analyses 

Twenty fresh or addled Cooper's Hawk eggs were collected in the prairie 

provinces between 1967 and 1978, most between.1967 and 1971. In B.C., the brain 

of one specimen collected in 1967 and three livers of birds collected in 1984 

were analyzed for organochlorine content. 

Thirteen eggs were sampled from southern Ontario between 1986 and 1988. In 

1986-1988, blood samples were obtained from spring migrants at Whitefish Point, 

Michigan. All samples were analyzed for organochlorines, and in some cases 
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mercury. 

7.2.2 Levels and toxic effects 

Only four eggs, all from different clutches,. contained organochlorines at 

levels high enougti to be associatèd with toxic effects. ODE was detected at 14.6 

mg/kg in one addled egg from Manitoba, collected in 1967. Three of 13 eggs from 

Ontario collected between 1986 and 1988 contained ODE at levels greàter than 10.0 

mg/kg. Two eggs were very contaminated, with ODE levels of about 25 mg/kg. 

In . etudies on the effects of ODE on Cooper's Hawks in Arizona and New 

Mexico, eggshe11 thinning was significantly correlated with ODE content of eggs 

(Snyder et al., 1973). ODE levels ranged from 1.0 to over 8.0 mg/kg, and were 

significantly higher in unsuccessful nests. Differences in ODE content between 

fertile, infertile, deserted, addled, and broken eggs suggested that ODE was not 

involved in infertility or embryonic death, butwas implicated in desertions and 

egg breakage. Egg breakage occurred in at least 11 oùt of 60 cases, and several 

instances of abnormal parental behaviour were observed in that study. 

In extensive studies of the European sparrowhawk in Britain( Newton et al. ,_ 

1986), a 10garithmic relationship between DDÈ content ofeggs and eggshe~l' 

thinning was found. Converted to wet weights, a value .of 10.3 mg/kg ODE w~s 

likely to cause significant (20%) eggshell thinning. Newton and co-workers' 

studies also demonstrated that the effects on nesting success were almost 

entirely through eggshell thinning, not other factors. 

Lincer and Clark (1978) reported 19% eggshell thinning in New York where DDE 

in two cooper's Hawk eggs ayeraged 13 mg/kg (w.w.) in 1971. Pattee and co

workers (1985) examined organochlorine content of Cooper's Hawk eggs in the 

easternU.S.A. in 1980 and found very .little evidence of eggshell thinning. ODE 

levels in eggs werè al! less than the 4 mg/kg suggested by Snyder et al. (1973)' 

to be associated with reproductive fai1ure. 

Dieldrin in oneegg was 5.9 mg/kg. Although dieldrin, heptachlor epoxide, 

and PCBs in the remainder of the eggs were below levels· associated with 

reproductive effects (Chapter 4.0), two of the four eggscollected in 1988 were 

contaminated with heptachlorepoxide at levels close to 1.0 mg/kg. One of those 
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eggsalso contained elevated levels of oxychlordane - 1.66 mg/kg. 

Liver tissue collected in B.C. in 1984 contained ODE at concentrations up 

to 38 mg/kg (w.w.). Although elevated, these are below levels that might have 

detrimental effects (Cooke et al., 1982). A few instances of pesticide poisoning 

in this species have been reported in the U.S.A. In 1980, in Colorado, a Cooper's 

Hawk was found in convulsions, with 200 mg/kg ODE, 46 mg/kg DDT, and 16 mg/kg 000 

in the brain, all wet weights (Prout y et al., 1982). This bird apparently died 

of DDT poisoning, perhaps obtained on its wintering grounds in Mexico. No other 

organochlorines were at detectable levels in the brain. 

Henny (1977) reported highly elevated residues of DDT and metabolites in 

the blood plasma of Cooper' s Hawks sampled in an area in Oregon sprayed with DDT. 

70203 Temporal trends 

There are no indications of any obvious temporal trends in levels of 

contaminants in this species. Although data from Ontario in the 1980s is not 

strictly comparable'to data from the Prairies in the early 1970s, the 1eve1s -

except for a slight and insig'nificant increase in heptachlor, epoxide - were quite 

simi1ar. 

7.2.4 Geographie eomparisons 

The levels of organochlorines in Cooper' s Hawk eggs from western Canada were 

much lower than egg levels found in New York by Lincer and Clark (1978) but 

similar to those found in Arizona and New York by Snyder et al. (1973) during the 

ear1y 1970s. These authors noted that ODE levels were genera11y somewhat higher 

in the eastern States than in the western States. A1though ODE levels in most 

eggs of this species in Ontario were similar to those recorded by Pattee et al. 

(1985) in New York, two eggs from Ontario containing 25.0 mg/kg ODE were 

significantly more contaminated. 
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7.2.5 status and conclusions 

, This species is considered rare in Ontario. The reduction of populations is 

attributed mainly to pesticide contamination, habitat destruction, and shooting 

(penak, 1983). Its breeding status east of Ontarioremains uncertain, whereas 

populations in the west are now considered stable. Henny (1972) estimated a 25% 

annual decline in North Americannumbers during the late 1960s, probably 

attributable to pesticides and shooting, and concluded that cooper's Hawks were 

in serious trouble. Tate (1986) noted that although this species has been 

"blue-listed" since 1972, mostcontributors considered populations to be healthy 

in the early 1980s.. There are some 'indications of recovery in both Canada and 

the U.S.A. (Pattee et al., 1985), and there are vast tracts of suitab1e habitat 

yetto be surveyed. 

This species preys to a larger extent on mammals than the Sharp-shinned 

Hawk, and probably on a higher : percentage 'of resident . ga11inaceous· birds. 

(Sher~od, 1978). The fema1es, which are a1most double the weight of males, tend 

to take much 1arger prey (Newton, 1979) and hence may be exposed to a different 

suite of contaminants. Snyder et al. (1973) showed a significant correlation':; 

between percentage of birds in the diet at individual nests (range of 25 .to 70%)':: 

and the ODE content of eggs. Residue leve1s in eggs of accipiters co11ected",in·

Ontario, between 1986 and 1988, which show the Cooper'sHawk as intermediate in 

contaminant 1evels, conform with this pattern (Figure 2). 

Although most of the contaminant 1evels in eggs and tissues of this species 

in Canada were found to be below 1eve1s associated with adverse reproductive 

effects, . the safety margin is sma11 and there are no indicationsthat 

organochlorine r~sidues (ODE, dieldrin, andheptach10r epoxide) are declining. 

Where migratory songbirds constitute a major proportion of the prey of· this 

species, organoch1orines may still be affecting reproduction. 

7.3 Sharp-shinned Hawk Accipiter striatus 

Sharp-shinned Hawks breed in woodland habitat south of the tree1ine from 

coa.st to coast in Canada . The wintering are a extends from southern Canada to 
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Costa Rica (Godfrey, 1986). The sma11est of the accipiters, Sharp-shinned Hawks 

feed a1most exc1usively on birds, mainly forest passerines during the breeding 

season, and on migrants a10ng the coast and in more open areas outside the 

breeding season (Sherrod, 1978; Palmer, 1988). 

Storer (1966) estimated 97% of the prey to be birds, with robins, thrushes, 

warb1ers, swa11ows, and sparrows predominating. 

70301 Analyses 

Unti1 recent1y, on1y one add1ed egg from Saskatchewan, co11ected in 1968, 

had been analyzed. In 1983, three unhatched eggs from New Brunswick were 

collected for organochlorine analyses. A further nine eggs from southern Ontario 

were collected between 1986 and 1988. Thebrain of a Sharp-shinned Hawk found 

dead in B.C. in 1969, livers of seven birds collected in B.C. between 1982 and 

1985, and blood sarnples taken between 1985 and 1988 from over one hundred 

migrants in Oritario and Michigan were also analyzed for organochlorines. 

7.3.2 Levels and toxic effects 

Five of the 12 eggs collected in the 1980s; aIl from Ontario, contained ODE 

concentrations greater than 10 mg/kg (w.w.), with a maximum of 18.6 mg/kg. 

Brit'lsh studies on the ecologically similar European Sparrowhawk demonstrated a 

logarithmic relationship between ODE content of eggs and eggshell thinning 

(Newton et al., 1986). ODE levels of 10.3 mg/kg (w.w.) were associated with 

serious (20%) eggshell thinning in that species. 

Dieldrin in one Sharp-shinned Rawk egg from Ontario collected in 1986 

exceeded 1.0 mg/kg, the critical level considered to have detrimental effects on 

reproduction in sorne raptors (Table 2). Reptachlor epoxide, HCB, PCBs, and RCR 

isomers were at levels below those associated with effects in other studies. 

One of the livers of birds collected in B.C. contained ODE residues greater 

than 100 mg/kg, 000 residues greater than 2.7 mg/kg, and oxychlordane residues 

greater than 2.5 mg/kg. These are very close to the lethal ranges in livers 
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proposed by Cooke et al. (1982), and suggest that the bird could have died of 

pesticide poisoning. Levels of dieldrin and heptachlor in that sarnple were low .. 

Blood sarnples are more difficult to assess. We used the following equations 

developed by Henny and Meeker (1981) to convert plasma ODE levels to ègg levels: 

1) Total DDT in eggs = 6.243 x (Total DDT in blood plasma) 1.033 in the 

post-laying period; and 

2) Total DDT in eggs = 3.079 x (Total DDT in blood plasma) in the pre-laying 

period) • 

Application of Formula 1 suggeststhat the mean total DDT in eggs that were 

previously laid by adult migrants flying south in the fall of 1985 through Hawk 

Cliff, Ontario, would have been 0.36 mg/kg (w.w.), with a maximum value of about 

3 • .0 mg/kg. These values aremuch lower than those observed in any recently 

analyzed eggs of this species. This formula is inapplicable for juveniles flying 

south for the first time. 

Application of the second formula to the spring migrants goingthrough 

Whitefish Point, Michigan, suggests that the mean value of total DDT in eggs 

would be 0.68 mg/kg (w.w.), with a maximum value of about 17 mg/kg. Thesevalûes 

are somewhat lower than the means of egg levels found in southern Ontario. This 

may be due to differences in the populations sarnpled, and suggests that Henny and 

Meeker'.s formula be applied with caution. 

Most organochlorine (ODE, . dieldrin, heptachlor epoxide, and HCB) 

concentrations were greater in spring migrants returning from their first winter 

than in juveniles sarnpled in the fall, suggesting that exposure in their 

wintering areas (including Central America) was influencing levels in Canadian 

breeding.birds. There wereno differences between sprix:g and fall migrants in 

birds greaterthan one year old. 

The egg from Saskatchewan in 1968 was analyzed for mercury. It was found to 

contain 0.12 mg/kg (w.w.). 

7.3.3 Temporal trends 

There is a lack of historical data on levels of organochlorines in eggs of 

this species (see Table 3). We could not analyze statistically for temporal 
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trends. DDE in the ·single egg collected in 1968 was similar to values in Ontario 

in the 1980s, whereas levels of dieldrin and heptachlor epoxide were lower. 

spatial trends 

Levels of organochlorines in Sharp-shinned Hawk eggs in the 1980s are 

generally lower than in eggs of this species collected in the western U.S.A. 

during the 1970s (Snyder et al., 1973). Those investigators found Sharp-shinned 

Hawk eggs to contain the highest levels of DDE among accipitersin Arizona, New 

Mexico, and Oregon between 1969 and 1971. The eggs from Oregon which contained 

up to 100 mg/kg DDE were extremely thin-shelled and many eggs in those clutches 

were broken. 

7.3.5 status and, conclusions 

DDE concentrations in some of the. e9gs were high enough to cause significant 

eggshell thinning and reduce reproductive success. Dieldrin may also have reduced 

productivity in some areas of Ontario. 

Although there is little evidence of declines in numbers of Sharp-shinned 

Hawks in Canada, there were some indications of declines in the northeastern 

U.S.A. (Snyder et al., 1973). Despite the lack of data, most authors agree that 

this species was adversely affected in the 1960s and 1970s by organochlorine 

contaminants and shooting. Flood and Bortolotti (1986) considered the North 

Atnerican population to be currently stable, and Heintzelman (1986) reported 

increases in numbers migrating through Hawk Mountain. Numbers of birds seen 

during fall migration at Holiday Beach, Ontario, did not change significantly 

between 1976 and 1981 (Duncan, 1982). 

Further blood sampling may elucidate current trends in levels of 

organochlorines in this species, and help to determine the main source of the 

contaminants~ This species preys almost exclusively on migratory birds and may 

be particularly susceptible. Studies on the reproductive successof this species 

in areas where the eggs were relatively contaminated seem warranted. 
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7.4 Red-ta'iled Hawk Buteo jamaicensis 

The Req-tailed Hawk "breeds over most o'f forested Canada. Although many 

individuals migratesouth to wintering areas in the southern U.S.A., others are 

resident in Canada year round (Godf~ey, 1986). 

This species feeds on a variety of prey species, although mammals 
, , 

predominate (75%) over birds (25%), according to Sherrod (1978). McInvaille and 

Keit"h (1974) found ground squirrels and hares to be the dominant prey in Alberta, 

although grouse and waterfowl were alsotaken. 

7.4.1 Analyses 

Forty-nine eggs were collected from Ontario, Mahitoba, Saskatchewan, 

Alberta, and B.C. between 1967 and 1970, and analyzed for organochlorine and 

" mercury content. Four tissues of two specimens from Saskatchewan in 1967, liver 

and brain from an Alberta specimen from 1968, brain and breast muscle from an 

adult collected in British Columbia in 196B, and brain tissue from a nestling 

found dead in a nest in British Columbia in 1969, were also analyzed. The o~l~ 

recent data consists of blood samples fromthree migrants at Hawk cliff in 19~6. 

7.4.2 Levels and toxic effects 

ODE levels in eggs were generally low, exceeding lS mg/kg (w.w.) in only two 

eggs from Alberta in 1968, and greater than 10 mg/kg in a total of four eggs 

(Table' 4). 000 plus DDT amounted to greaterthan. 2.0 mg/kg in one egg from 

Saskatchewan. Although this is suggestive of recent exposure, there are no known 

reproductive effects at those levels. 

Springer (1980) found significant differences in. residue levels of ODE 

bet~een viable and addled eggs of this species in dregon during the 1970s. 

Seidensticker and Reynolds (1971) reported 11% eggshell thinningin eggs of 

Red-tailed Hawks collected in Montana in 1967, where ODE ranged from O. 2S to 10.3 
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mg / kg (w. w. ) • 

Dieldrin levels were very high (3.2 mg/kg) in one addled egg from Manitoba 

in 1967, and in one egg from Saskatchewan in 1969 (5.9 mg/kg). Altogether, five 

(19%) of the eggs collected in the Prairies contained dieldrin residues in excess 

of 1.0 mg/kg. Concentrations of dieldrin greater than 1.0 mg/kg (w.w.) have been 

associated with reduced hatchability in Ospreys (Wiemeyer et al., 1975). 

One egg from Alberta contained heptachlor epoxide at 2.5 mg/kg, a value 

associated with reduced breeding success in, American Kestrels (Henny et al., 

1983). All other eggs contained less than 1. 0 mg/kg of heptachlor epoxide. In the 

egg mentioned above, mercury was also present at a potentially hazardous level 

of 1.6 mg/kg (w.w.). 

None of the levels of DDT, 000, ODE, heptachlor epoxide, or dieldrin found 

in tissues were high enough to be associated with acute toxic effects. Residùe 

levels in blood samples were also very Iow in comparison to those in accipiters 

and falcons. 

7.4.3 Geographie comparisons 

Frank and co-workers (1975) reported similar levels of DDT compounds and 

dieldrin in 11 eggs collected from the Niagara Peninsula, Ontario, in 1971. 

However, the maximum concentrations were higher in the data presented here for 

wes,tern Canada than in those found in Ontario by Frank. 

Springer (1980) found little ODE, levels of heptachlor epoxide and PCBs 

similar to those reported here, and greater amounts of dieldrin in eggs of 

Red-tailed Hawks collected in Ohio in 1976 and 1977. 

7.4.4 status and conclusions 

The Red-tailed Hawk was an abundant resident, and appeared to be increasing 

in some parts of its range in the 1970s (Henny and Wight, 1972). Even during the 

era of high pesticide use in Canada, levels of organochlorines in this species 

were relatively low. 
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Despite their proximity to agricultural areas, 11 eggs of this species 

col1ected in the Niagara region of southern Ontario in 1971 contained lower 

levels of DDT compounds (mean of 2.47 mg/kg, wet weight), dieldrin, PCBs, and 

mercury than in aquatic fish-eating birds collected concurrently (Frank et al., 

1975). Its predominantly marnrnalian diet and its tendency to winter" iri the 

breeding area result in low exposurë". The few cases of high dieldrin or 

heptachlor epoxide levels are probably dlie to localized use in the foragirig range 

(breeding or wintering) of that individual. 

The lack of analyses since 1970 means that the effects of currently or more 

recently used organochlorines cannot beassessèd. Nevertheless, there appear to 

be no evidence of declines of this species anywhere in Canada. 

7.5 Red-shouldered Hawk Butèo lineatus 

The Red-shouldered Hawk has a restricted breeding distribution in Canada, 

which includes southern Ontario, southwestern Quebec, and southern New Brunswick 

(Godfrey, 1986).It winters mainly south of Canada in the southern part" of its 

breeding range south to Florida. 

This species prefers wet river-bottom habitat, but will also breed in close 

proximity to farmland (Risley, 1983). The diet is mainly marnrnals, reptiles,;~ïind 

arnphibians, with occasional birds and invertebrates. Portno:( and Dodge (1979) 

found that 99% of the stomachs examined contained small marnrnals (mainly 

chipmunks), 23% reptiles (mainly snakes) and only 3% birds. Risley (1983) cited 

two studies on the diet in Ontario: Hanna (1973) who found the diet to be 80% 

marnrnals and 10% birds; and Snyder (1949) .who reported only 20% marnrnals, 10% birds 

and 50% reptiles and arnphibians bycomposition. 

7.5·.1 Analyses 

Data on contaminants in this species is limited to analyses of three fresh 

eggs, collected in southern Ontari~"in 1973: 
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Levels and toxic effects 

Levels of DDT compourids were relatively low, except for 1.1 mg/kg of DDT 

(the parent compound of ODE) in one egg. The low DDE:DDT ratio suggested recent 

exposure to DDT, but not enough to affect reproduction. All other compounds 

detected were at low levels (Table 4) and were unlikely to have any effect on 

viability. 

In Maryland, Henny ee al. (1973), reported 9\ eggshell thinning, where ODE 

egg levels ranged from 0.79 to 2.4 mg/kg (w.w.). 

70503 Geographie comparisons 

The concentrations of DDT, dieldrin, and peBs reported here are similar to 

levels found in Red-shouldered Hawk eggs collected from southernOntario in 1971 

and 1973 (Frank.eeal., 1975; Risley, 1983). 

7.5.4 status and conclusions 

The Red-shouldered Hawkhas declined in numbers over much of its range, 

including southern Ontario, since the 1960s (Risley, 1983). This is attributed 

largely to the loss of suitable habitat from swamp drainage and conversion to 

farmland, and to competition from Great Horned OWls and Red-tailed Hawks, which 

prefer the drier habitat.·· 

Its diet consista mainly of mammals, organochlorine contaminanta in eggs are 

uaually low, and there have been no reports of significant eggshell thinning or 

reduced productivity. Nevertheleas, some individuals are occasionally expoaed to 

lethal levels of dieldrin, heptachlor, or chlordane. Two Red-shouldered Hawks 

were found dead in the eastern U.S.A. in 1978 and 1981, with hazardoua levels of 

oxychlordane (1.9 and 5.2 mg/kg) and heptachlor epoxide (3.4 and 4.0 mg/kg) in 

their brains (Blus ee al., 1983). Dieldrin concentrations were also close to 

lethal levels, greater than 4.0 mg/kg (w.w.) in the brain. Two Red-ahouldered 

Hawks found de ad in Florida during the mid- 1970s were thought to have died of 

94 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1· 
1 
1 
1 
1 
1 
1 
1 
1 

dieldrin poisoning, with up to 11 mg/kg (w.w.) df dieldrin detected in the brains 

(Sundlof et al., 1986). Those compounds were probably acquired during movement 

through areas of local use, reaching hazardous levels in the brain as lipid 

stores were 'metabolized during migration. Elevated levels in amphibians or 

reptiles associated with contaminatedaquatic systems are also a possibility. 

7.6 Swainson's Hawk Buteo swainsoni 

The Swainson 1 s Hawk breeds mainly in the southern parts of the three prairie 

provinces, with small populations in British Columbia and the Northwest 

Territories. This species is highly migratory, wintering mainly in Argentina 

(Godfrey, 1986). 

It prefers open arid country in the prairies, foothills and the tundra of 

the low arctic. Like other buteos, the diet consists mainly of small mammals. 

Dunkle(1977) found that mammals, including ground' squirrels, rabbits, ~'and 

gophers, accounted for almost70% of their diet in Wyoming. Birds, including 

blackbirds and waterfowl, comprised 25% of the diet, and insects, amphibians and 

reptiles the remainder. Other studies reported similar percentages of mammals, 

but often much higher proportions of insects (up to 30% in Utah) or reptiles"'(up 

to 64% in Washington) (Sherrod, 1978). 

7.6.1 Analyses 

Eighteen freshand addled eggs of Swainson 1 s Hawks were collected' from 

sask~tchewan and Albertabetween 1967 and 1973. Eight pooled samples (of two to 

four' eggs each) from Saskatchewan in 1984 .and 1985 were also analYzed for 

organochlorine content. Tissue samples analyzed include brains and livers of 

adult birds from both provinces between 1967 and 1971, breast muscle from an 

adult in Alberta in 1968, and whole bodies of nestlings collected in 1971 in 

Alberta. 
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'.6.2 LevaIs and toxic effects 

Levels of ODE in eggs were relatively low, always less than 6.0 mg/kg (w.w.) 

(Table 4). All eight pools analyzed in 1984 and 1985 contained less than 1.0 

mg/kg ODE. These data agree with the findings of Bechard (1981), that the low 

concentrations in Swainson's Hawk eggs reflect the low levels in their primarily 

mammalian prey. 

One egg from Alberta in 1968 which contained 5.9 mg/kg ODE also contained 

1.4 mg/kg 000, 2.1 mg/kg DDT, and over 4'.0 mg/kg heptachlor epoxide. Levels of 

heptachlor epoxide greater than 1.5 mg/kg are known to affect reproductive 

success in American Kestrel (Henny et al., 1983). However, anotherstudy by Benny 

et al (1984) found that the hatching success of eggs of Swainson's Hawks in 

oregon appeared to be unaffected by heptachlor epoxide levels in excess of 2.5 

mg/kg. 

In the latter study, a significant logarithmicrelationship between ODE and, 

eggshell thickness in Swainson'g Bawk eggs was demonstrated, with 10% shell 

thinning associated with ODE egg residues of 10.3 mg/kg. However, the 

significance of 10\ shell thinning in this species is not known. It did not 

appear to affect productivity. 

In the data presented here, BCB levels were less than 0.20 mg/kg in all 

eggs. Bechard (1981) reported BCB in most Swainson's Hawk eggs in Washington with 

a maximum value of 5.2 mg/kg. He found no discernable effect on nesting success. 

Swainson's Hawk eggs collected in 1984 and 1985 were found to contain a 

number of other contaminants at low level s, inc luding mirex (mean of O. 005 mg /kg) 

and gamma-HCH (lindane). The amount of total chlordane-related compounds was 

similar among eggs (with a mean of 0.041 mg/kg). Oxychlordane was the major 

metabolite, with lesser amounts of trans-nonachlor, cis-chlordane and 

cis-nonachlor also present. 

Mercury levels were as high as 1.5 mg/kg in some livers, but well below 

concentrations associated with mortality in other birds (Fimreite and Karstad, 

1971). Egg mercury levels were very low. 

Contaminant levels in whole bodies of nestlings collected in 1971 were 

higher than those in eggs collected in the same year. This can be interpreted as 

evidence that contaminants were acquired in the breeding area. 
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7.6.3 Temporal trends 

organochlorine residues in eggs of Swain~on's Hawks are plotted in Figure 

10 (1984 and 1985 data are means of pools). A test for differences between eggs 

collected between 1967 and 1970 and eggs collected in 1984 and 1985, revealed no 

significant differences 'in DDE or heptachlor epoxide, but ,suggested a significant 

decline (p < 0.001) in dieldrin. Although this species winters in the tropics, 

there is no evidence that continuing use of organochlorine pesticides in Latin 

America has resulted in increased exposure. 

7.6.4 Geographic comparisons 

Levels of environmental contaminants in eggs of Swainson's Hawks collected 

in Saskatchewan in the mid-1980s were'similar or lower than those found in e9gs 

,in North and South Dakota in the mid-1970s (Stendell et al., i988), Oregon in<~ehe 

late 1970s (Henny and Kaiser, 1979; Henny et al., 1984) and Washington in the 

late 1970s (Henny and Kaiser, 1979; Bechard, 1981). Our 1980s data consisted of 

pooled samples and no comparison of the maximum levels detected in eggs was 

possible. ''',-

7.6.5 status and conclusions 

The low levels of DDE, dieldrin, heptachlor epoxide, oxychlordane, and HCB 

detected in Swainson;s Hawk eggs from 'Saskatchewan are similar to those in less 

migratory hawks sampled concurrently. This supports Bechard's (1981) conclusion 

that the low levels of DDE and HCB in Swainson's Hawk eggs were dueto their diet 

of small mammals, a source of food seldom found to be significantly contaminated. ' 

In his study, DDE levels in addled eggs were all less than 3.0 mg/kg, and no DDD 

or DDT were detected. 

Use of cirganochlorine pesticides in Latin America has been suggested as the 

source of many contaminants in North American falcons' (White and Cade, 1977) and 
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passerines (DeWeeSe et al., 1986). Swainson's Hawks winter as far south as 

Argentina and investigators thought that they would also be at risk. However, 

neither our data or Bechard's data support this hypothesis. 

It is possible that falcons wintering in Latin America are feeding on prey 

that is considerably more contaminated than the species taken by Swainson' s 

Hawks. This could be due to differences in foraging areas and prey species 

selected. The long migration might also be a factor, if most of the lipids stored 

while in Latin America are metabolized, and the contaminants mobilized, before 

the hawks return to their breeding grounds. However, there have been no reports 

of organochlorine poisoning in this species. 

Although the Swainson's Hawk has declined in numbers in parts of its range 

in the U.S.A., this has been attributed mainly to increased agricultural 

activity. Fyfe (1976) reported declines in Canada, but populations are currently 

considered healthy. 

Ferruginous Hawk Buteo regalis 

The breeding range of the Ferruginous Hawk in Canada is restricted to open 

arid habitat in southern Saskatchewan and Alberta (Schmutz and.Schmutz, 1980). 

Its wintering area extends from the brèeding range southwest of ·the Mississippi" 

to Northern Mexico. 

In Alberta, ground squirrels comprise about 90% of its prey during the 

breeding season (Schmutz, 1~77). Jack-rabbits make up the rest of the diet, and 

are probably taken to a greater extent outside the breeding season. In the 

western U.S.A. marnrnals su ch as ground squirrels, jack-rabbits and pocket gophers 

were the main prey. Birds (Horned Larks and Meadowlarks) were only occasionally 

taken (Palmer, 1988). 

7.7.1 Analyses 

Fifty fresh andaddled eggs of this species were collected in Saskatchewan 

and Alberta between 1968 and 1971. Two pools of addled eggs collected in 
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Saskatchewan in 1984 and 1985 were a1so analyzed for organochlorine content. 

The brain and liver of one specimen from Saskatchewan in 1969,· and two whole 
. . 

bodies of specimens from Alberta in 1971, were analyzed for organochlorines. The 

livers of eight of the pirds co11ected from Alberta in 1971 were analyzed for 

mercury. 

7.7.2 Leveis and toxic effects 

Organochlorine levels were relatively low in egg9 of this species (Table 4). 

The overall mean DDE leve1 in e9gs was 1ess than 1..0 mg/kg (w.w.)" which is 

unlikely to cause any eggshellthinning. An exception isan egg from Alberta in 

1969, which contained 13 mg/kg DDE. Eggs of Ferruginous Hawks collected in .Oregon 

in the late 197.05 were found to contain less than 3 • .0 mg/kg DDE (Henny et al., 

1984). Eggshells in that study were thicker than those collected prior to 1947. 

Heptachlor epoxide was detected in most eggs, usually at levels less than 

1.0 mg/kg, but as high as 2.3 mg/kg in one sample. Heptach10r epoxide resi~ues 

greater than 1. 5 mg/kg in eggs of American Kestrels (Henny et al., 1983) reduced 

productivity. Dielçrin was detected at levels of about .0.5 mg/kg with a maximum 

of 4.3 mg/kg in an addled egg from Alberta in 1969. Dieldrin can have detrimen.tal -' ~ 
effects on reproduction at levels .greater than 1..0 mg/kg (Chapter 4 • .0). 

About 4% of the eggs of Ferruginous Hawks collected in Canada contained 

organochlorines at concentrations associated with reproductive effects. Residue 

levels of the pooled samples obtained in the mid-198Cs were low, and, 

unfortunately, do not provide data on the maximum concentrations attained by 

individuals. 

DDE and dieldrin levels in brain and whole·bodies were ve~y low. Heptachlor 

epoxide levels were occasionally elevated, up to 1.84 mg/kg (w.w.) in whole 

bodies from Alberta in 1971. The significance of those values in relation to 

possible poisoning is not known. 

Mercury content of the ei9ht livers was always less than .0.2.0 mg/kg (w.w.), 

well below values associated with health effects in other birds. 
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Temporal tren.ds 

Comparison of organoch10rine residues in fifty eggs collected between 1968 

and 1971, and two pooled samples in 1984 and 1985 revealed dec1ines in levels of 

ODE, die1drin, and heptach10r epoxide. However, this decline was not 

statistica11y significant (Table 11), because of the smal1 sample sizes in the 

latter tirne periode 

Geographie comparison.s 

Levels of ODE, dieldrin, heptachlor epoxide, oxychlordane, HCB, PCBs and 

mercurywere simi1ar to those found in eggs of Ferruginous Hawks collected 

between 1974 and 1979 in North and South Dakota (Stendell et al., 1988). 

7.7.5 status and conclusions 

A very sma11 percentage of the organoch10rine contaminants found in the eggs 

of Ferruginous Hawks.were high enough to affect productivity. None of the tissùes 

ana1yzed containedorganoch10rine residues at 1eve1s indicative of pesticide 

poisoning. Populations in the U.S.A. a1so appear to have low leve1s of 

environrnenta1 contaminants. 

Neverthe1ess, population dec1ines have been reported in this species in 

Canada (Schrnutz and Schrnutz, 1980; Houston and Bechard, 1984) and the U.S.~. 

(Lokemoen and Duebbert, 1976; Fitzner et al., 1977). Houston and Bechard (1984) 

rejected low productivity as a cause of the dec1ines in Saskatchewan, noting that 

nesting success there was· higher than in thriving populations elsewhere. A1though 

shooting of adults had been a problem, they attributed the current declines to 

loss of suitab1e habitat, loss of trees for nesting, reductions in the abundance 

of ground squir.rels, and competition from expanding Red-tailed Hawk populations. 
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7.8 Rouqh-leqqed HawkButeo lagopus 

The· Rough-legged Hawk breeds across Northern Canada .from Alaska to 

Newfoundland, mainly north of the treeline. It winters irregularly from southern 

Canada south toVirginia, Tennessee and New Mexico (Godfrey, 1986). 

During the breeding season, this species lives. on the tundra where cliffs, 

escarpments, riverbanks, or low trees provide nesting sites. During migration and 

winters, open fields and marshes are the preferred habitat. The diet of the· 

Rough-legged Hawk consists mainly of small resident arctic mammals, as well as 

small birds, and, occasionally, carrion(Smith, 1975). In the Northwest 

Territories, Sealy (1966) reported 83% of prey as mammalian (ground squirrels, 

hares, lemmings, and voles) and 16% small passerines. In. Alaska, mammals usually 

comprised about 80%. of the diet, but ptarmigan, waterfowl and passerines were 

also taken (Sherrod, 1978). The diet during migration and the winter is more 

varied, but still consists primarily of small mammals. 

7.8.1. Analyses 

A total of 20·: eggs of Rough-legged Hawks were collected from sites$' in:" 

Northern Quebec in 1967, from the Yukon in 1973, and from the North\':?]âst 

Territories in 1966, 1968, 1972, 1980, and 1981. Tissues ~ollected included~< i) 

breast muscle and subcutaneous fat from breed~ng females in Ungava Bay, Quebec, 

in 1967; ii )liver from a specimen collected in the Northwest Territories in 

1974; and iii) brains, livers and fat of two birds collected in the Yukon in 

1973. 

7.8.2 . Levels and toxic effects 

Levels of organochlorines in eggs were low (Table 4). ODE levels were always 

less than 3.0 mg/kg, dieldrin lees than 0.3 mg/kg, and heptachlor epoxide lees 

than 0.1 mg/kg in all samples prior to the 1980s. By 1980-81, .levels of ODE, DDT, 

000, and dieldrin were somewhat· lower . than in the .earlier samples, while 
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heptachlor epoxide lev.els were slightly higher. The maximum value of 2.7 mg/kg 

for heptachlor epoxide in one egg is high enough to reduce viability in eggs of 

kestrels (Henny et al., 1983) but not Swainson's Hawks (Henny et al., 1984). 

Levels of HCS, PCSs, HCH isomers, and oxychlordane in the eggs collected in 

1980 and 1981 were well below levels- associated with adverse effects based on 

experimental studies (Chapter 4.0). 

Organochlorine levels in all tiss.ues except subcutaneous fat were very 

low, which is in agreement with the findings of Cade et al. (1971), who found low 

levels of environmental contaminants in this species in Alaska~ Nevertheless, 

certain individuals may accumulate lethal concentrations. Henny et al. (1984) 

reported that a female wintering in Oregon in 1980 was found dead with 20 mg/kg 

(w.w.) heptachlor epoxide in her brain, well above the lethal values established 

for this compound (Stickel et al., 1979). Recent treatment of seeds with 

heptachlor in the area was considered to be the source. 

7.8.3 Temporal trends 

Analyses of temporal trends in contaminant levels in the Northwest 

Territories revealed.almost significant declines in dieldrin (p < 0.10), but no 

significant changes in levels of ODE or other DDT metabolites (Tablell). 

Heptachlor epoxide .showed an increasing trend. 

7.8.4 status and conclusions 

There is no evidence that levels of organochlorines and mercury in this 

arctic buteo were everhigh enough to affect reproduction, even in the late 1960s 

when organochlorine pesticides were still used on a large scale in North America. 

There is some indication of increasing residues of components of chlordane, a 

pesticide which was used in Canada until the late 1970s. 

A general flux of contaminants to th~ arctic over the past decade has been 

suggested by Norstrom et al . . (1988), based on levels in Ringed Seal, Foca 

hispidia, and Polar Sears, Ursus maritimus. However, due to the Rough-legged 
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Hawk's preferred diet of small terrestrial marnrnals, this species is unlikely to 

accumulate significant contamination on its breeding grounds. Cade and co-workers 

(1971) noted that levels of organochlorine pesticides in Rough-legged Hawks were 

considerably lower than those in Peregrine Falcons nesting in the aame areas of 

AlaSka, andattributed those differehcea to diet. 

There is-no evidence that nurnbers have declined in recent years. Cade and 

co-workers (1971) reported no decrease in nurnbers of Alaskan Rough-legged Hawks 

since the 1950s. Nurnbers of Rough-legged Hawks tend to fluctuate because of the 

population cycles of its major prey and no clear trends in numbers have been 

discerned (Fyfe, 1976; Heinztelman, 1986). 

7.9 Broad-winged Hawk Buteo platypterus 

The Broad-winged Hawk breeds in wooded areas in southern Canada from Alberta 

to Nova Scotia. This species is highly migratory, wintering in Latin America from 

southe~n Mexico south to Venezuela, Brazil, and Northern Peru (Godfrey, 1986). 

This relatively small hawk feeds on a variety of prey, including small 

marnrnals, birds, amphibians, reptiles, and invertebrates(Sherrod, 1978). In 

Alberta, Rusch and Doerr (1972) found voles and jumping mice to be the dominant 

prey items, but in~other studies, insects, frogs, and young turtles were coiritnon 

(Sherrod, 1978). 

7.9.1 Analyses 

Blood samples obtained from two adults migrating through Whitefish Point, 

Michigan, in 1986, were analyzed for organochloriné content. One egg collected 

in New York in 1971 contained 5.83 mg/kg ODE and 0.65 mg/kg dieldrin (Lincer and 

Clark, 1978), which are less than values associated with reproductive effects in 

other raptors. 
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Levels and toxic affects 

At 0.14 mg/kg (w.w.), PCBs were the major organochlorine in blood, followed 

by lesser amounts of mirex and ODE. Only ODE was lower in the blood of 

Broad-winged Hawks than in the blood of Sharp-shinned Hawks sampled at the same 

time. Nothing is known of the toxic significance of the observed levels in the 

blood. Henny and Meeker's (1981) conversion formulae are unlikely to be valid for 

Broad-winged Hawks. 

status and conclusions 

There are no indications of any declines in numbers of Broad-winged Hawks 

in Canada. However, this species is particularly difficult to census on the 

breeding grounds and during migration. 

Smith (1985) hypothesized that-Broad-winged Hawks migrate nonstop thousands 

of kilometres to their wintering grounds, relying solely on fat laid on after the 

breeding season. If this results in mobilization of stored organochlorines, they 

may be exposed to organochlorines as they metabolize lipid reserves during 

migration. However, no cases of poisoning have been reported for this species. 

7.10 Bald Eagle Haliaeetus leucocephalus 

The breeding distribution of Bald Eagles spans Canada from coast to coast, 

and extends south to Florida. Bald Eagles normally nest close to large bodies of 

water that support sufficient fish stocks for raising young. The nest site is 

typically near the top of one of the tallest trees in the vicinity, a massive 

structure that is occupied for many years if undisturbed. 

The seasonal movements of Bald Eagles are complex, and vary considerably 

among populations and individuals (Brownell and Oldham, 1980). It appears that 

most of the northern population (breeding in the boreal forest regions of 

Ontario, Manitoba, Saskatchewan, Alberta, and the N.W.T.) tend to move further 

south outside the breeding season than eagles from the Northern U.S.A •. Eagles 
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in the Maritimes and southern Ontario disperse in all directions -- to the coast, 

northward, and southward. However, virtually no Bald Eagles winter on the Great 

Lakes. Eagles breeding in Florida often'move nor:thward as far as the Maritime 

provinces outside the breeding season. The populations in British Columbia and 

Alaska remain resident along thé coast. 

Clutch size is usually two, and, in Canada, egga are laid soon after arrival 

on the breeding grounds. Both Grier (1974) and Postupalsky (1971) suggested that 

eagles rely on stored body reserves for egg production, rather th an on exogenous 

sources (i.e. local dietary intake). If this is true, organochlorine residues in 

eggs are probably acquired outside the breeding grounds, unlike the situation for 

Osprey,s which arrive at the breeding grounds after a long migration with greatly 

reduced lipid reserve,s. 

Bald Eagles are primarily piscivorous, but birds, mammals, and carrion are 

also taken (Brownell and Oldham, 1980). Fish (main1y herring, bass, bullheads, 

suckers, chub and perch) comprise from 15 to 85% of the diet. In the Aleutians, 

Sherrod et al. (1977) found birds (shearWaters, fulmars, ducks, geese, alcids and 

gulls) to comprise 61\ of the eagle diet; mammals (mainly rats) about 23% and 
-.. A"' 

, . 
fish (herring, greenling, and cod) about 15\. In inland sit'es, however, fish are 

the main prey,. Dunstan and Harper (1975) reported 90\ fish (pike, suckers, 

bullhead, and basa) in Minnesota. Wright (1953) listed alewife, chub, perch, and 
~ ~ 

pickerel as the main prey species in New Brunswick. Their propensity for feedl:ng 

on crippled waterfowl has resulted in a number of cases of lead poisoning (Kaiser 

et al., 1980; Pattee et al., 1981). Other 'foraging rnethods include following 

fishing boats and scavenging near flocks of sheep, in tidepoo1s, and along 

beaches. 

7.10.1 Analyses 

Thirty~seven eggs, mainly unhatched, were collected from Bald Eagle nests 

across Canada between 1968 and 1982. The majorityof the samples were from 

Northern Ontario, collected betwee~ 1968 and 1972 (in the Lake Nipigon and Lake 

of the Woods areas) and Northern Saskatchewan. These include four eggs from 

Northern Ontario whose residues were reported by Grier (1974), as well as three 
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eggs from the Atlantic coast and a few eggs from southern Ontario. No eggs from 

the N.W.T., southern Maritimes, or B.C. have been analyzed by CWS. Although no 

eggs from Ontario have been collected and analyzed by CWS since 1976, Grier 

(1982) determined and reported residues in Bald Eagle eggs from Northern Ontario 

collected in 1976, 1977, 1980 and 1981. 

Several tissue samples were analyzed. The brain of a female sub-adult shot 

in New Brunswick in 1970, an adult found dead on Langara Island, B.C., in the 

spring of 1968, and three tissues of a bird from Manitoba in 1969 were analyzed 

for organochlorines. Muscle and livers of two birds collected in Ontario by 

Fimreite in 1970 were analyzed for mercury content. A number of blood samples of 

eagles brought to veterinarians in B.C. were recently analyzed for ALA-d, a 

biochemical indicator of le ad exposure. 

7.10.2 Levels and toxio effeots 

The adverse effects of organochlorines and mercury on Bald Eagles have been 

documented in a number of studies (Grier,' 1974 and 1982; Wiemeyer et al., 1984; 

International Joint Commission, 1989) .In one of the most comprehensive studies, 

Wiemeyer et al. (1984)· found that ODE had the most· impact. on breeding· success. 

In locations where ODE in eggs approached'15 ppm, (w.w.), reproductive failure 

was almosttotal. An inverse relationship .between ODE content of eggs and 

eggshell thickness was found such that 10% eggshell thinning was associated with 

5.6 ppm (w.w.). We have used this as the threshold critical value (see Table 10). 

In a recent re-analysis of the US data, Nisbet (1989) examines the 

exposure-response relationships between ODE, PCBs, dieldrin and reproductive 

impairment, and concludes that both reproductive impairment and adult mortality 

were factors in the population declines. 

Grier (1982) analyzed trends in productivity in relation to ODE content of 

eggsbetween 1966 and 1981, and found a significant negative correlation. The 

regression between ODE residues and eggshell thickness, however, 'was not 

significant, despite a trend for eggs collected in the later years to have 

thicker shells. 

ODE levels in all 19 eggs collected from Ontario and eastern Canada prior 
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to 1980were considerably higher th an 15 mg/kg (w. w.), the critical level 

calculated by Wiemeyer et al. (1984). Sorne eggs collected in 1970 and 1971 from 

areas of Northern Ontario where many nesting failures had been reported 

(Postupalsky, 1971; Grier, 1974) contained almost 100 mg/kg ODE. Eggs from the 

Prairies were generally less contam.inated, withonly four of 13 (30%) containing 

in excess of 15 mg/kg ODE. 

Die1drin exceeded 1.0 mg/kg in 13 of 32 eggs'collected prior to 1980. In 

fact, at 1east six eggs were contaminated with dieldrin residues greater than 2.0 

mg/kg. Dieldrin 1evels greater than ~.O mg/kg in eggs of Ospreys (Wiemeyer et 

al., 1975), and greater than 0.9 mg/kg in eggs of Golden Eagles (Lockie et al., 

1969), have been associated with reduced hatching success. 

HCB and heptachlor epoxide levels were low,genera11y less than 0.5 ppm 

(w.w. ), which is well be10w levels associated with adverse effects in other birds 

(Henny et al.,. 1983).PCBs andchlordane compounds were not included in many of 

the earlier analyses, but occurred at low levels where detected. Grier (1982) 

noted that PCB levels were still as high as 50 mg/kg (w.w.) in eggs from 

northwestern Ontario, but the significance of those concentrations in eaglesr• is 

not known. 

Mercury levels .. in sorne eggs were relatively high, up to 2.62 mg/kg (w. w. ) 

in eggs from Nor.thern Saskatchewan in 1970. These levels are greaterthan4l1;ithe' 

values of 0.5 to 1. 5 mg/kg associated with reduced hatchability in Mall~~ds 

(Fimreite, 1971; Heinz, 19.79). In all eggs from Ontario, mercury 1evels were Iess 

than 1.5 mg/kg (w.w.). 

Levels of organochlorines in tissues of Bald Eagles shot or found dead in 

New Brunswick, Manitoba, and B.C. during the late 1960s were below concentrations 

considered indicative of acute poisoning (Mulhern et iLl., 1970; Kaiser et al., 

1980). The significanceof liver mercury levels up.to 42 mg/kg (w.w.) in eagles 

collected in Northern Ontario ia unknown, but concentrations of 20 mg/kg in 

livers of Red-tailed Hawks were considered lethal by Fimreite and Karstad( 1971). 

In Grey Herons, 50 mg/kg mercury in the liver was the.lethal threshold '(Van der 

Molen et al., 1982). 

Of 59 Ba1d Eagle blood samples analyzed for ALA-d 5 (8.5%) were indicative 

of lead poisoning, and a furthe·r 7 (11.8%) were indicative of significant 1ead 

exposure (Elliott et al., 1992). 
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701003 Temporal trends 

Grier (1982), using some of the data here; reported significantly lower 

residues of ODE in Sald Eagle eggs from northwestern Ontario in the time period 

after the 1972 ban on DDT than before it. Levels of PCSs and dieldrin remained 

relatively high, whereas levels of mercury were low throughout the study period. 

Figure 12 illustrates the changes in levels of ODE, dieldrin, and heptachlor 

epoxide in eggs collected from Northern Ontario. 

Declines in contaminant levels have been reported elsewhere. Residues of 

ODE, dieldrin, and PCSs in eggs of Bald Eagles breeding along Great Lakes 

shorelines between 1977 and 1986 were substantially lower than those reported in 

the 'late 19609, but showed no distinct downward trend during that period 

(International Joint Commission, 1989). 

Henny and co.,.workers (1981) "reported low levels of DDT metabolites in blood 

plasma of Sald Eagles winteringin Colorado and Missouri in 1977-78, as compared 

to other rapt ors. By converting the blood levels to egg levels using the Henny 

and Meeker (1981) equation, they suggested that egg residues would be about 0.7 

mg/kg ODE in these birds. Since the midwestern U.S.A. is probably the wintering 

area of most ,of the Saskatchewan breedingpopulation (Gerrard' et, al., 1978), 

th0ge data suggest a decline in ODE in eggs from Saskatchewan since 1968-1970, 

when ODE in eggs averaged about 4.0 mg/kg. 

7.10.4 status and conclusions 

The Bald Eagle is known to have declined over much of its North American 

range since the 1940s. Currently, continental populations in the U.S.A. and much 

of eastern Canada appear to be reduced, whereas populations in the northern 

boreal forests, coastal B.C., and Alaska are stable (Brownell and Oldham, 1980). 

Most of the declines are attributed to lower rates of reproduction associated 

with eggshell thinning from ODE contamination (Wiemeyer et al., 1984). Vermeer 

et al. (1989) suggested that Sald Eagle populations in the Strait of Georgia may 

beincreasing in conjunction with increases in populations of an increasingly 
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important prey item, the Glaucous-winged Gull, Larus glaucescens. 

Bald E~gle populations have been characterized as stable if at least 0.7 

young per active. nest are fledged each year (Sprunt et al., 1973). In the U.S.A., 
. . 

extremely low productivity and declines in numbers were documented in the 

northeastern states, Florida, and near the shores of the Great Lakes (Sprunt et 

al., 1973; International Joint Commission, 1989). 

In Canada, declines in numbers and in reproductive success were reported in 

only a few subpopulations, main1y in Ontario (Postupalsky, 1971; Grier, 1974; 

International Joint Commission, 1989). The number of pairs breeding along the 

Great Lakes in southern Ontario was drasticallyreduced to fewer than 20 by the 

late 1960s, and most of these were not producing young (Brownell and Oldham, 

1980) • 

There is no evidence that any other Canadian populations were ever in 

serious trouble. Stocek and Pearce (1978) reported that its status in New 

Brunswick in the early 1970s appeared to. be stable. The largest subpopulation, 

in Saskatchewan, estimated te be 14,000 birrls in the late 1970s, was reported. to 
.'';; 

have good productiyity (Le. betwéen 0.95to 1.25 young per occupied n~st) 
'.,,: 

(Gerrard et al., 1978). The population along the coast of British Columbia was~ 

a1so considered stable with normal productivity (Brownell and Oldham, 1980). 

By the early 1_~80s, productivity in Bald Eag1es in northwestern Ontario"had. ,.,z... . . , . . ,l'';;'' 

greatly improved, in accordance with lower ODE 1eve1s in eggs (Grier, 1982) "1~~he 

number of pairs breeding along the shores of the lower Great Lakes has also 

increased,' although productivity remains low (International Joint Commission, 

1989). The increase in breeding pairs has been attributed mainly to recruitment 

from nealthy inland populations in Wisconsin and Michigan, and to foster programs 

operating in the U.S.A. and Canada (International Joint.Commission, 1989). 

Lead poisoning of Bald Eagles in the U.S.A. due to ingestion of injured 

waterfewl containing lead pellets has been reported (Pattee, 1984). Frenzel and 

Anthony (1989) reported that at least one eagle wintering in California diedof 

lead poisoning, and that 1ead leve'ls were elevated in many of the waterfow1 and 

voles on which eagles were feeding. Research is currently in progressto 

determine whetherany eagles·in B.C. are suffering from lead poisoning. 

Other causes of mortality include illegal shooting, trapping, poison baits 

for coyotes, electrocution, and avian cholera (Brownell and Oldham, 1980). As 
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Bald Eagles are faithfulto their nest site and reluctant to start new nests, 

habitat destruction and human disturbance in the breeding areas have also 

affected productivity. 

We lack reliable data on levels of environmental contaminants since the 

early 1970s over most of Canada, as well as more detailed information on such 

population parameters as annual productivity and annual survivorship. The 

continuing high levels of ODE, PCBs, and dieldrin found in eggs from nests along 

the Great Lakes, and the slow recovery of this population are cause for concern. 

Predation on Herring Gulls, which may be highly contaminated, is considered to 

be a likely source of current contàmination. 

Golden Eaqle Aquila chrysaetos 

The Golden Eagle was resident over most of Canada, but is now restricted 

mainly to the Yukon, Northwest Territories, B.C., Alberta, Saskatchewan; 

Manitoba, Northern Ontario, and Quebec. (Godfrey, 1986). 

Rarely seen, this species prefers mountainous terrain, with cliffs for 

nesting. Outside the breeding season, individuals wander widely within the 

breeding range of the species. Their diet consists primarily of mammals, 

including groundsquirrels, jackrabbits, and. young dee~ or lambs (Marquiss et al, 

1986). Boag (1977) reported 80% mammals (almost entirely ground squirrels) in the 

diet of eagles in southern Alberta , withgrouse, partridge, other birds, and 

carrion making up the remainder. 

7.11.1 Analyses 

Twenty-two fresh or addled eggs were collected from sites in Saskatchewan, 

Alberta, and the Yukon between 1968 and 1975 for organochlorine and mercury 

analyses. Livers and brains of two nestlings found de ad in the Mackenzie .River 

area of the N.W.T. in 1973 were also analyzed for organochlorine content. 
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7.11.2 Levels and toxie effects 

Organochlorines in Golden Eagle eggs from western Canada in the early 1970s 

were generally low (Table 5). The ODE concentrations in eggs were less than 3.0 

mg/kg, below levels associated with significant eggshell thinning or reduced 

productivity in any raptors. 

Heptachlor epoxidelevels were all less than 0.9 mg/k~, below the critical 

concentration determined for American kestrels (Henny et: al., 1983). 

Dieldrin in one egg from Alberta in.1973 was 2.12 mg/kg (w.w.), higher than 

the 0.9 mg/kg value considered by Lockie et: al. (1969) to reduce hatchability of 

Golden Eagle eggs in Scotland. Dieldrin in the other eggs was 0.6 mg/kg or lower. 

The highest detected mercury concentration in the eggs was 0.34 mg/kg 

(w.w~), a level.unlikely to have any effect on reproductive performance. 

Organochlorine residues in tissues of two nestlings in the Mackenzie River 

area were very low, as expected. Nevertheless, there hav.e been recent incidents 

of poisoning in this species. Henny et: al. (1984) reported three deaths of Golden 

Eagles in Oregon, 1977 to 1980, due toelevated (greater than 8.0 mg/kg) brain 

residues of heptachlor epoxide. The symptoms (convulsions, muscle rigourf of'; 

these three indivïduals were consistent with pesticide poisoning. 

7.11.3status and conclusions 

The population status of the Golden Eagle in Canada is not well known. 

Heintzelman (1986) noted that the numbers migrating through Hawk Mountain, 

Pennsylvania, had declined between the early 1960s·and the 1980s. Numbers in 

Canada were conaidered stable by Fyfe (1976), and aightings in Ontario in the 

1980a were much more frequent than between 1950 and 1960 (Cadman et: al., 1987). 

Although never common, its breeding range has been reduced over.the paat century, 

as lOBS of habitat, illegal shooting and poisoned baits continue to take their 

toll. 

The diet of Golden Eagles consists of mammals and resident gamebirda and the 

exposure to organochlorines ia probably low. However, in Scotland, where Golden 

Eagles now feed extensively on seabirdsinstead cif the extirpated arctic hare, 
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the eagles have high contaminant burdens and reduced breeding success (Furness 

et al., 1989). 

Eagles require immense territories with a plentiful supply of food. They are 

greatly affected by changes in habitat and corresponding changes in food supply. 

Rodenticides, current insecticides·used on livestock, and herbicides may have 

more impact on the productivity of Golden Eagles than organochlorines. This 

impact might not be direct, but through the reduction of the numbers of prey 

species. In North America, strychnine and other poisons used to control coyotes 

are also significant causes of mortality to both Bald and Golden Eagles. 

osprey pandion naliaetus 

In Canada, the Osprey breeds from coast to coast south of the treeline. 

Ospreys arehighly migratory, with a wintering range that extends from the 

southern U.S.A. to NorthernArgentina and Peru. (Godfrey, 1986). 

Ospreys are always found in the vicinity of large bodies ofwater (lakes, 

rivers and coastal bays). This species is almost.entirely.piscivorous, feeding 

on a wide variety of species including salmon, whitefiah, trout, suckers, chub, 

smelt, surfperch, herring, shad, bullheads, and others (Sherrod, 1978). On the 

Great Lakes, the diet ia mainly crappies, blue-gills, perch and bass (Palmer, 

1988) Small mammals and birds are occasionally taken. 

7.12.1 Analyses 

Seventeen Osprey egga, both addledor fresh, were collected from Ontario, 

Newfoundland, Alberta, B.C., and the Yukon Territory between 1969 and 1975. The 

brain and liver of an adult shot in southern Ontario in April, 1969, and the 

brain, liver and muscle of a nestling which died in a nest near Lake of the Woods 

in 1971 were aise analyzed for organochlerines and mercury. 
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7.12.2 Levels and toxic effects 

Ospreys are relatively sensitive to DDE-inducedeggshell thinning. Wiemeyer 

and co-workers (1988) foundthat 10% eggshell thinning was associated with DDE 

levels of 2.0 mg/kg, 15% thinning was associated with 4.2 mg/kg DDE and 20% 

thinning was associated with 8.7 mg/kg DDE. Productivity was also foundto be 

negatively correlated with DDE levels. A value of 4.0 mg/kg DDE was associated 

with the product ion of 0.8 young per nest, the minimum required to maintain 

population stability (Wiemeyer et al., 198à). 

Therefore, Osprey eggs with more than 4.0 mg/kg DDE are likely to be more 

than 15% thinner than normal, and have lower hatching success. This is consistent 

with findings from other studies. Ten percent eggshell ,thinning documented in 

Maryland Ospreys appeared, to have little effect on productivity, whereas 18% 

eggshell thinning reduced productivity in-a Connecticut population (Wiemeyer et 

al., 1978). 

Eleven (65%) of the eggs collected by CWS,contained DDE residues in,exgess 

of 4.0 mg/kg. Two eggs contained more than 12 mg/kg ODE. A previous stud-:(.: by 

Wiemeyer and co-workers (1975) found that no eggs hatched in nests where a 

sampled egg contained more than 12 mg/kg DDE. 

Dieldrin and heptachlor levels were low in aIl, eggs, weIl belowle~,els 

associated with detrimental effects in Ospreys (Wiemeyer et al., 1975) and o~her 

raptors(LOckie et al., 1969; Henny et aL, 1983). Wiemeyer et al. (1975) noted 

that no Osprey eggs hatchéd in nests where sampledeggs contained more than 1.0 

mg/kg dieldrin. There is no evidence of reproductive effects attributable to any 

of the other organochlorines (Wiemeyer et al., 1988). 

Mercury residues great~r than 0.5 mg/kg in two eggs from the Yukon may have 

had sorne effect on viability,based on Fimreite's (1971) studies with pheasants. 

Organochlorine levels in the brains of the shot adult and de ad nestling were 

weIl below lethal values established in other studies (Stickel et al., 1969; 

Stickel et al., 1984). There was no eyidence of elevated mercury residues. 

Although the' liver of one specimen was found to contain 3.1 mg/kg of mercury, 

this is well below the critical values established in othef studies (Fimreite and 

Karstad, 1971; Finley et al., 1979; Scheuhammer, 1988). 

Recently there have been no obvious cases of poisoning in the U.S.A. 
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Wiemeyer et al. (1987) concluded that none of 23 Ospreys found dead or moribund 

in the eastern U.S.A. between 1975 and 1982 appeared to have died of 

organoch1orine poisoning. One individual did have 220 mg/kg of PCBs in its brain, 

and severa1 individua1s had elevated mercury concentrations in their Livers. 

7.12.3 Geographical comparisons 

Levels of organochlorine residues in eggs of Canadian Ospreys in the early 

1970s (Table 5) were within the ranges of levels detected in Ospreys from the 

Atlantic coastal states about the same time (Wiemeyer et al., 1975; Wiemeyer et 

al., 1978). 

Postupalsky (1972) investigatedthe breeding success of Ospreys near Thunder 

Bay, Ontario, in the late 1960s and considered the productivity insufficient to 

maintain a stable population. Eggshells of two eggs were 11 and 16% thinner than 

prior to 1947, and contained ·DDE concentrations of 2.7 and 6.7 mg/kg, 

respectively. 

7.12.4 status and conclusions 

Levels of DDE in eggs of Ospreys from several areas of Canada were high 

enough to cause significant eggshell thinning and reduce productivity. None of 

the other contaminants occurred at levels high enough to affect reproductive 

success. 

Osprey numbers in the eastern U.S.A. were seriously reduced in the early 

1960s (Ames, 1966; Henny, 197:2; Spitzer et al., 1977). This was attribut~d mainly 

to organochlorine contaminants and DDE-induced eggshell thinning. In a review of 

population trends of Ospreys in the mid-Atlantic states, Henny et al. (1977) 

noted that productivity had. increased substantia11y since the early 1960s, 

a1though populations were still reduced. They a1so noted that d~stribution of 
~ . 

Ospreys had changed considerably, partly due to their preference for man-made 

nest-sites. 

Despite the declines reported in the 1960s in the U.S.A., numbers of Ospreys 
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in Canada appear te have remained stable (Fyfe, 1976, Prevest et al., 1978). In 

eastern Canada, pepulations appear te be flourishing. Fleming (personal 

communication) notes that productivity in Nova scetia has increased significantly 

sincethe early 1970s. 

Although Canadian Osprey pepulatiens de notappear to be adversely affected 

by environmental contaminants, seme individuals may be exposed te persistent 

centaminants in fish frem contaminated watersheds such as the St. Lawrence River, 

er on their wintering greunds in Latin America. The increasing use of mercury for 

gold mining in the Amazen River basin, the wintering are a of many Canadian birds, 

ià another potential hazard (Mallas and Benedicto., 1986). 

Virtually nething'has been published recently en the statua of the Ospreys 

breeding in Northern Ontario, er in any part of Canada. Censidering previous 

declines, a review of its current status ever all of its Canadian breeding range, 

and surveys ef current levels of envirenmental centaminants in eggs and tissues 

seems warranted. 

7.13 Northern Harrier Circus cyaneus 

The Northern Harrier breeds south ef the treeline in Canada from the Rocky 

Mountains to eastern Nova scetia. Its wintering range extends frem seuthern 

Canada te the West Indies (Godfrey, ,1986). 

Harriers pre fer epen areas (fields, fresh and saltwater marshes) where they 

have, a variety of prey. Mammals, mainly veles, beg lemmings, greund squirrels, 

ànd yeung rabbits, comprise abeut 50% of their diet (Sherrod, 1978). Avian prey 

(about 30% of the diet) includes mainly sengbirds (meadewlarks, blackbirds, 

sparrows)', gallinaceeus birds, small ducks, and even bitterns (Sherrod, 1978). 

Insects, crayfish! fregs, and snakes acceunt fer the remainder. 

7.13.1 Analyses 

Twenty-two fresh and addled Northern Harrier eggs were cel1ected from the 

seuthern parts ef the. Prairie previnces between 1967 and 1969, and ene addled egg 
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was obtained from Northern Quebec in 1969. Brain and liver tissue from three 

birds from Saskatchewan, and the brain and breast muscle of a specimen from B.C., 

all collected in 1968, were analyzed for DDT compounds, heptachlor epoxide, 

dieldrin, and mercury. Blood samples were obtained from two hatching year females 

at Hawk Cliff, Ontario during fall migration in 1986. 

701302 Levels and toxic effects 

Levels of organochlorines in most eggs (Table 5) were below values 

associated with adverse reproductive effects in other raptors (Newton, 1979). 

However, one egg contained 1.5 mg/kg heptachlor epoxide, and three eggs contained 

dieldrin residues in excess of 1.0 mg/kg. Those concentrations, particularly as 

represented by one egg with dieldrin levels greater than 5.0 mg/kg, may have 

reduced reproductive success (Wiemeyer et al., 1975; Henny et al., 1983). 

Four eggs contained more than 10 mg/kg ODE. Two of these contained residues 

greater than 15 mg/kg (w.w.). Studies on the Harrier, C. aeruginosus, in Sweden 

found that ODE egg levels were significantly negatively correlated with eggshell 

thickness and productivity (Odsjo and Sondell, 1977). In these Swedish birds the 

eggshell thickness averaged 14% thinner than pre-1947 eggs. Average levels of 

total DDT and PCBs were higher in nests with lower breeding success (0 to 2 young 

versus 3 to 5 young). Unfortunately, the values of total DDT and PCBs cannot be 

determined from that publication, but appear to range between 10 and 5000 mg/kg 

in extractable fat (about 0.5 to 250 mg/kg (w.w.). 

Hamerstrom (1986) noted that male Northern Harriers in Wisconsin performed 

fewer courtship displays, that nesting behaviour was desultory and that few eggs 

were l.aid. during the era of intense pesticide spraying in the 1960s. Individuals 

exhibiting aberrant behaviour were found to have elevated levels of ODE in their 

fat. However, partly because so few eggs were laid by contaminated individuals, 

there was little evidence of serious eggshell thinning (Hamerstrom, 1986). 

Hardly anyorganochlorine contaminants were detected in the two blood 

samples. Only ODE was detectable in both, ata mean level of 0.019 mg/kg (w.w.). 

Mercury concentrations were low in egg5 and livers, and were unlikely to 

have affected breeding success. Similar mercury levels of less than 0.2 mg/kg 
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(w.w.) appeared to have no effeèt on productivity in the related Harrier in 

Sweden (Odsjo and Sondell, 1977) .. 

7.13.3 status and conclusions 

Although a few Northern Harrier eggs contained DDE levels high enough to 

affect productivity in some raptors (Wiemeyer et al., 1975; Fyfe et al., 1976a; 

Newton, 1979), most contaminants were below levels associated with adverse 

effects. There is little evidence that this genus is subject to eggshell 

thinning, although overall productivity may be affected. Reduced productivity may 

also occur because of contaminant-induced changes in behaviour, as suggested by 

Hamerstrom (1986), although there has been no evidence of this in Canada. 

The diet of the Northern Harrier during migration may include both migratory 

songbirds and waterfowl. Therefore, some individuals may accumulate significant 

contaminant. burdens. 
}W 
.'-i< 

Although few data are available, the status of this species appears to have 

been stable in Canada since the 1970s (Fyfe, 1976). Its status. in North America 

overall has not been established~ Robbins èt al. ( 1986) . and Evans (1982) reported 

declines in numbers'of breeding birds, attributed mainly to marsh drainage, ~ut 
~ ~ 

Heintzelman (1986) reported no changes in numbers of Northern Harriers migrat.ing 
~i; 

through Hawk Mountain from the early 1960s to the 1980s. However, interpretation 

of trends are complicated by the dependence of ite reproductive success on the 

densityof its main prey, the vole, which leads to cyclic fluctuations in the 

productivity of Northern Barriers (Duncan, 1986). 

No eggs of this species have been analyzed for organochlorines since 1969, 

and our data includes only one egg east of the Prairies. In view of their 

association with aquatic systems, a survey of current contaminant levels in eggs 

of thisspecies, particularly those in contaminated watersheds, seems warranted. 

7.14 Merlin Falco columbarius 

The breeding distribution of the Merlin extends from Alaska to Labrador, and 
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from the treeline south to the Northern U.S.A. (DeSmet, 1982). Three subspecies 

occur in Canada: the Black Merlin F.c. suckleyi in the Pacific coastal 

rainforests; Richardson's Merlin F.c. richardsonii in the arid prairie region of 

southern Alberta, Saskatchewan, and Manitoba; and the Taiga Merlin F.c. 

columbarius which breeds in the boreal forest region from the Atlantic coast to 

the Rocky Mountains and in Alaska (Palmer, 1988). Basically a tree-nester, this 

species often uses abandoned corvid nests, particularly in urban areas, but, will 

also nest in tree cavities or on the ground. 

Of the threesubspecies, only the Taiga Merlin is highly migratory. The 

wintering range of that subspecies extends from the southern U.S.A. to Northern 

peru and Venezuela (DeSmet, 1982). The Black Merlin may winter as far south as 

California, and sorne individuals of the Richardson's Merlin migrate as far south 

as New Mexico and Texas. 

Birds are the principle component of the diet of Merlins, although insects 

and small mammals are also taken (Sherrod, 1978; Palmer, 1988). Diets of the 

subspecies reflect the availability of small to medium-sized flocking species of 

bird in their region. In the Prairies, the Richardson's Merlin preys mainly on 

larks, longspurs, sparrows, and other ground-nesting birds during the breeding 

season (Fox, 1964; Hodson, 1978). House Sparrows Passer domesticus,Bohemian. 

Waxwings Bombycilla· garruius, and Horned Larks Eremophila alpestris" were the 

preferred prey of city Merlins in the western Provinces (Palmer, 1988). 

Temple (1972) found Gray Jays Perisoreus canadensis, robins and sparrows to 

be the main prey of the Taiga Merlin in Newfoundland. Migrating shorebirds are 

often taken during migration and on the wintering grounds (Page and Whitacre, 

1975) • 

7.14.1 Analyses 

A large number of eggs were collected, most as part of an investigation of 

the effects of organochlorines on reproductive behaviour and nesting success in 

the Richardson's Merlin (Fyfe et al.,' 1976a; Fox and Donald, 1980). 

Viable (fresh or developed) and nonviable (addled or with dead embryos) 

Richardson's Merlin eggs were.collected from southern Alberta and Saskatchewan 
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every year between1968 and 1978, and analyzed for organochlorine and mercury 

content ~ In 1988, fresh Merlin eggs were collected from 14 nest-sites in 

Saskatchewan, and analyzed iridividually for organochlorine content. 

Eggs of the Taiga Merlinwere collected fromNorthern Quebec in 1969, and 

from the Yukon and the Northwest Territories in '1973. Only one addled egg of the 

Black Merlin, collected at Pine Lake, British Columbia in 1969, was ever 

analyzed. 

Tissues analyzed for organochlorine and mercury content include whole 

bodies, livers, or brains from a total of eight nestlingsfound dead in Alberta 

between 1969 and 1976 and the brain of an adult collected on Weston Island, B.C., 

in 1968. Blood samples were obtained from three autumn migrants in 1986-1988 at 

Hawk CILff in southern Ontario and four spring migrants at Whitefish Point, 

Michigan. 

7.14.2 Levels and toxie effeets 

Eggs of Merlins co1lected in Canada between 1968 and" 1978, inclusive, 

contalned relative~y high levels of ODE, DDT, .dieldrin, heptachlor epoxide, HCB 

and oxychlordane Cl'able 6). 

Many of the Merlin eggscollected in Canada contained ODE residuesexceef'ling 

the critical value of 5.0 mg/kg for eggshell thinning and reduced productivity 

(Fyfe et al., 1976b; Fox, 1979; Fyfe et al., 1988). The negative correlation 

between ODE residues, in the eggs and eggshell thickness has been weli established 

in this species (Fox, 1979tFyfe et al., 1988). Fox (1979) calculated a threshold 

level of 2.5 mg/kg ODE to affect eggshell thickness. Fyfe et al. (1988) concluded 

that Me,rlins were adverse1y affected by eggsheli thinning of more than 15%, 

associated with ODE concentrations of about 5.0 mg/kg. Eggshell thinning of 20% 

corresl'0nded to about Il mg/kg ODE, and was associated with complete reproductive 

fai1ure. These estimates are consistent with data on eggshell thinning and ODE 

residues inMerlineggs from outside the Prairie provinces. Temple (1972) found 

only 11% thinning(compared to pre- 1947 values) in Merlin eggs from Newfoundland 

in 1969, where the ODE content averaged ,6.4 mg/kg (w.w.). 

In Britain, Newton et al. (1978) reported that ,the shell thicknesses of 
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unhatched Merlin eggs co11ected between 1973 and 1975 were 22% thinner than those 

.of eggs co11ected prior to 1947. ODE in the more recent eggs averaged 8 mg/kg. 

In Newton and co-workers t (1978) study, egg-breakage occurred in about 10% of the 

nests studied. 

ODE egg residu~s greater than 6.0 mg/kg (w. w.) were associated with 

decreased productivity of this species in the Canadian prairies during the ear1y 

1970s (Fyfe e~ al., 1976b). Where ODE in eggs exceeded 8.0 mg/kg (w.w.) adults 

exhibited aberrant behaviour, such as frequent nest desertions 1 and weak 

territorial defence (Fyfe e~ al., 1976bj Fox and Donald, 1980). 

A1though the effects of die1drin andheptach10r epoxide on Merlins have not 

been investigated, die1drin 1eve1s greater than 1.0 mg/kg, and heptach10r epoxide 

1eve1s greater than 1.5 mg/kg (aIl wet weights) have been associated with reduced 

hatchability in other raptors (Lockie.et al., 1969; Wiemeyer e~ al., 1975; Henny 

e~ al., 1983). In eggs of Richardson's Merlin from southern Alberta, die1drin 

concentrations exceeded 1.0 mg/kg in about 5% of the eggs (n = 26). Dieldrin 

concentrations reached 5.6 mg/kg in one egg .. 

Heptach10r epoxide in eggs exceeded 1.5 mg/kg in about 8% (n = .35) of the 

eggs, up to a maximum value of 9.1 mg/kg. About one fifth of the eggs co11ected 

in the Prairies exceeded this value. Some adu1t morta1ity mayoccur. An adu1t 

origina11y banded in Alberta was found dead of apparent heptach10r poisoning 

after migration to New Mexico (Henny· et al., 1976). 

Mercury leve1s in Merlins were a11 1ess than 1.5 mg/kg, and usually lees 

than 0.5 mg/kg. There may have been some detrimenta1 effects in eggs containing 

more than 0.5 mg/kg mercury, based on studies with pheasants (Fimreite, 1971). 

The single egg of a Black Merlin from B.C. contained no organoch1orines at 

1evels high enough to be associated with . reduced hatchability or eggshe11 

thinning. In five eggs of the Taiga Merlin collected between 1969 and 1975, ODE 

was greater than 10 mg/kg in aIl eggs, dieldrin was above 1.0 mg/kg· in soi of 

them, and other organochlorine concentrations were relative1y low. 

7~14.3 Temporal trends 

Although both ODE and heptachlor epoxide residues increased significant1y 
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between the late 1960s and the 1970s, dieldrin exhibited no significant trend 

(Table 11). By the 1980s, DDE and dieldrin had declined significantly, while 

heptachlor epoxideshowed no significant trend. Figure 11 illustrates the changes 

in residue levels of these thrée compounds in eggs of Merlins collected from the 

Prairies~ 

There was sorne evidence of improvement in the proportion of eggs 

contaminated with dieldrin. Dieldrin residues exceeded 1.0 mg/kg in 17% of the' 

eggs collected between 1965 and 1972, in 12% of the eggs col1ected between 1973 

and 1979, but in none of the 14 eggs collected in 1988. There was~ however, no 

evidence of any change in contamination by heptachlor epoxide. Heptachlor epoxide 

residues exce~ded 1. 5 mg/kg in 17% of the eggs of Merlins from the Prairies 

during the period 1965-1972, in 12% of the eggs collected between 1973 and 1979, 

and tn 2~% of the eggs collected in 1988. 

In the Prairies, about 40% of the Merlin eggs collected between 1969 and 

1978 contained DDE in excess of 15 mg/kg, and 50.2% of the eggs containedDDE in 

excess of 7.0 mg/kg. By 1988, 36% of the eggs had DDE residues.greater than~7.0 

mg/kg, with a maximum value was 65.8 mg/kg. There seems to be no. temporal trend 

in the proportion of eggs with elevated residues of CDE. 

., . 
t-.: 

7.14.4 status and conclusions 

Merlin populations in eastern North America are generally considered to have 

declined' during the 1950s and 1960s (Fox, 1971; Fyfe, 1976; CeSmet, 1982; 

Heintzelman, 1986). 

Sorne Canadian populations, howevE;lr,appeared te be recovering by the mid-

1970s (CeSmet, 1982). In Saskatchewan, numbers of Richardson's Merlin have 

increased over the past decade, mainly due to the increase in the number of 

breeding attempts in urban centres (Oliphant and Thompson, 1978).' This was 

attributed to the loss of suitable habitat elsewhere. The declines prior to the 

1970s were concurrent with reports of reduced productivity (Temple, 1972), but 

recent studies in the Prairies report higherproductivity (DeSmet, 1982). 

Based on the data in this report, .CCE and other organochlorine levals were 

still high enough in the mid-1970s to reduce reproductive success (by eggshell 
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thinning, embryotoxic effects, or by affecting parental behaviour) in 

individuals. It is possible that the relatively high fecundity of this species 

has allowed the populations to recover. Nevertheless, as this species preys to 

a large extent on migratory birds, contaminants originating in Latin America may 

be a problem. Contamination in the USA may still be a problem. 

prairie Falcon Falco mexicanus 

In Canada, the breeding range of the Prairie Falcon is restricted to arid 

open areas in southern Saskatchewan, Alberta, and B.C. (Godfrey, 1986). Although 

basically a resident species, sorne individuals,particularly first year birds, 

may winter in winter-wheat are as of the Northern U. S.A. (Woodsworth and Freemark, 

1979) • 

Prairie Falcons require open habitat for hunting, as most prey are taken 

from the ground, and suitable cliffs or river banks for nesting. During the 

breeding season, a variety of mammalian and avian prey are taken. In Idaho, the 

principle prey wasground squirrels (Newton, 1979), but gophers, pikas, voles, 

cottontails, doves, Killdeer, meadowlarks, Horned Larks and other passerines are 

also taken (Sherrod, 1978). During the winter, Horned Larks are preferred prey, 

and sorne Prairie Falcons will follow movements' of this species 'until the next 

breeding season. 

Adults ar,rive at the breeding sites in early spring, establish their 

territories, and start incubation of the four to six eggs in about a month 

(Woodsworth and Freemark, 1979). In areas of plentiful prey, Prairie Falcons will 

nest quite densely, with several pairs occupying the same cliff~face. 

7.15.1 Analyses 

Over four hundred fresh, developed, addled, or infertile eggs were collected 

from nests mainly in southern Alberta (1967 to 1980) and southern Saskatchewan 

(1967 to 1978). All eggs were,analyzed for organochlorine content and most for 

mercury. In 1988, another 14 fresh eggs were collected from sites in Alberta. 
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These were analyzed for organochlorine content by combining portions of eggs te 

obtain one pool of nine and one pool of five eggs. Only four of the fourteen eggs 

were analyzed individually. 

Tissues of adult Prairie Falcons analyzed include: 1) the brain, liver, and 

fat from an Albertan specimen in 1973; 2) five tissues of a breeding female found 

dead . in 1969; and 3)' the brains and Livers of an adult female' poisoned by 

strychnine in 1975,anqther two females found dead in 1975 and in 1977, and an 

adult male found drowned in 1976. 

Tissues of nestlings analyzed include: 1)' the brain and liver of a nestling 

collected in May, 1969; 2) the whole body of a three-day oldnestling found dead 

in 1971; 3) the brain, liver, muscle, and fat of three 4-week old nestlings found 

de ad in 1972; .and 4) the brain, Livers and fat of seven one- week-old nestlings 

found dead in 1976. 

Sorne data on contaminant levels in Prairie Falcon eggs from 1967 to 1972 

inclusive were previously reported in Fyfe et al. (1969), Keith and Gruchy 

(1972), and Fyfe et al. (1976a). 

7.15.2 Levels and toxic effects 

Levels of most organochlorines were relatively low 

compared to Peregrine Falcons or Merlins. 

in Prairie Falcons 
"< 

Between 1967 and 1980, the geometric mean of ODE in eggs was 1.72 mg/kg 

(w.w.), but.levels in individualeggs ranged from less than 0.10 mg/kg to over 

40 mg/kg. By 1988, levels in all eggs appeared tobe very low. ODE residues in 

the two pools were O~06 and 0.04 mg/kg, respectively (Table 6). The most 

contaminated egg analyzed separately contained only 0.24 mg/kg ODE. 

Prairie Falcons are very sensitive to DDE-induced eggshell thinning. In a 

detailed examination .of the relationships betweenDDE, eggshell thickness, and 

productivity in. the genus Falco, Fyfe et al. (1988) confirmed the inverse 

relationship between eggshell thickness and ODE residues in eggs reported in 

earlier studies (Enderson and Berger, 1970; Enderson and W.rege, 1973). Fyfe and 

co-workers (1988) determined that the threshold ·effect level of eggshell thinning 

on productivity was 8%, and ,that productivitywas reduced to almost nothing when 
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eggshell thinning reached 14%. The corresponding concentrations of DDE in the 

eggs associated with that range of eggshel1 thinning were 1. 2 mg/kg and 3.0 mg/kg 

(w. w.) • 

The determination of a critical range of DDE in eggs ranging from 1.2 to 3.0 

mg/kg is consistent with earlier studies. Fyfe et al. (1976a) noted that 

productivity was decreased where DDE egg concentrations exceeded 2.0 mg/kg. 

Enderson and Berger (1970) found that both eggshell thickness and productivity 

were significantly reduced in birds with DDE content greater than 6.0 mg/kg. They 

also reported- several cases of egg-breakage. Enderson and Wrege (1973) 

investigated DDE levels in wild falcons in Colorado and found 14% eggshell 

thinning where DDE averaged 5.7 mg/kg and 10% thinning where DDE averaged 3.1 

mg/kg. 

Dieldrin levels were relatively low, averaging 0.12 mg/kg (w.w.) between 

1967 and 1980, and 0.002 mg/kg in 1988. Dieldrin residues greater than 1.0 mg/kg 

in eggs have been associated with reduced reproductive successin other raptors 

(Lockie et al., 1969; Wiemeyer et al., 1975). The proportions of eggs with 

dieldrin levels in excess of 1.0 mg/kg were 2.4%, 5.1%, and 0% in the time 

periods 1965-72, 1973-79, and 1980-88, respectively. 

Prior to the 1980s, heptachlor epoxide levels averaged 0.24 mg/kg (w.w.), 

but ranged from nondetectable to 7.0 mg/kg. In 1988, heptachlor epoxide averaged 

0.01 mg/kg. Heptachlor epoxide levels greater than 1.5 mg/kg have been associated 

with reduced breeding success in American Kestrels (Henny et al., 1983). The 

proportions of eggs with heptachlor epoxide residues in excess of 1.5 mg/kg were 

5.7%, 6.9%, and 0% for the periods 1965-72, 1973-79, and 1980-88, respectively. 

Fyfe et al. (1969) attributed the deaths of two nestlings to.heptachlor epoxide, 

based on the finding of concentrations greater than 5 mg/kg in their brains. 

There was no evidence that any of the other contaminants found in eggs were 

high enough to adversely affect reproductive success. PCBs attained a maximum 

value of 9.6 mg/kg, oxychlordane a concentration of 0.43 mg/kg, HCB a value of 

1.42 mg/kg, and beta-HCH a value of 0.04 mg/kg. 

Mercury concentrations in eggs ranged from nondetectable to 1.71 mg/kg 

(w.w.). The hatchability of pheasant eggs was ~ound to be adversely affected by 

mercury levels between 0.5 and 1. 5 mg/kg (Fimreite, 1971). Based on those 

findings, three percent of the Prairie Falcon eggs sampled contained hazardous 
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concentrations of mercury. 

7.15.3 Temporal trends 

As there were no consistent differences between viable (fresh or developed) 

and nonviable (addled, infertile, or rotten) eggs, all egg samples were combined 

for the analyses of temporal trends. 

Although ODE, dieldrin, and heptachlor epoxide residues fluctuated 

considèrably among years, all three compounds generally declined between 1968 and 

1988 (Table 6). ODE appeared to decrease most between 1968 and 1971, then rise 

to a new peak in 1975 before decliningto very low levels in 1980 and 1988. In 

eggs from Alberta only, bothviable and nonviable eggs showed the same pattern. 

Heptachlor epoxide showed a similar pattern of declirie. Dieldrin, on the other 

hand, appears to have declined irregularly sirice 1968, except for a peak in 1980! 

While as many as 80\ of the eggs contained more than2. 0 mg/kg ODE in 1 Q:68, 

no eggs exceeded that amount in. the 1980s. The percentagé 0 feggs wi th ~DDE 

residues in excess, of 7.0 mg/kg are 7.6\, 9.1\, and 0% for the periods 1965-72'; 

1973-79, and 1980-88, respectively. 

7.15.4 status and conclusions 

The evidence for population declines is equivocal. Fyfe et al. (1969) 

documented a significant reduction in the occupancy of breeding territories 

during the 1960s. Produçtivityrates were lowest in nests containing the most 

contaminated eggs.· Oliphant et al. (1976) disputed the validity ·of these 

declines, where only known territories were surveyed to determine changes in 

occupancy rates. By the mid 19709, the Prairie Falcon population was considered 

stable or increasing in Alberta and Saskatchewan (Fyfe, 1976). 

Although DDE-induced eggshell thinning lowered reproductive success in the 

past, none of the most recently sampled eggs (1988) contained ODE, heptachlor 

epoxide, or mercury at levels associated with sérious adverse effects. The other 

organochlorines were never detected at critical concentrations. 
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Further surveys of population numbers and productivity would be useful in 

con~irming the stability of prairie Falcon populations. It seems likely that loss 

of habitat due to agricultural encroachment is currently a more serious threat 

to prairie Falcons than organochlorine pesticides. 

Gyrfalcon Falco rusticolus 

The Gyrfalcon breeds in the Canadian arctic--the Yukon Territory, the 

Northwest Territories, and Ungava Bay in Northern Quebec. primarily a cliff

nester, this species occurs in low densities in suitable arctic habitat. Although 

basically resident, northern birds wander irregularly southward outside the 

breeding season (Godfrey, 1986). 

Resident species of birds and mammals comprise the maj~rity of Gyrfalcon 

prey (Sherrod, 1978; Palmer, 1988), but individuals vary widely in prey 

selection. The most important species are probably Willow and Rock Ptarmigan, 

ground squirrels, microtine rodents, and small passerines. On Ellesmere Island, 

Gyrfalcons specialize on arctic hare. Waterfowl and shorebirds are taken where 

available, as are seabirds near seabird colonies (Martin, 1978). 

7.16.1 Analyses 

The seventeen eggs collected for organochlorine and mercury analyses include 

one from Cape Dorset in 1969, nine from the Yukon between 1973 and 1975, one near 

Inuvik in 1974, and six from the central arcticjwestern Hudson Bay region between 

1980 and 1983. 

Two nestlings found dead in the Northwest Territories in 1973, and four 

tissues from a bird of unknown age collected in B.C. in 1971 were analyzed for 

organochlorines, the latter also for mercury. 
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7.16.2 Levels and toxic effects 

DDE levels in Gyrfalcon eggs were extremely variable, ranging from less than 

1.0 mg/kg in all eggs fromthe Yukon, to over 9 mg/kg (w.w.) in the eggfrom Cape 

Dorset •. Cade etai. (1971) found no eggshell thinning in Gyrfalcons 'from Alaska, 

where DDE egg levels averaged 3.9 mg/kg, andranged from. nondetectable to 20 

mg/kg (w.w.) ~ There been no reports of eggshell. thinning, egg breakage, or 

behavioural effects of DDE in this species. 

The dieldrin concentration of 1.34 mg/kg in an addledegg collected. in 1981 

was the only other organochlorine contaminant .detected at a level associated with 

reproductive effects in other raptors (Lockie et al" 1969; Wiemeyer et al., 

1975) • 

MercuFY concentrations exceeded the critical value of 1.0 mg/kg (w.w.) in 

two (20%) of the eggs analyzed for mer~ury. Mercury in Gyrfalcon eggs in Sweden 

was considered to have been acquired from migratory waterbirds in the diet 

(Lindberg, 1984). .~ 

7.16.3 Temporal trends 

:;~ 

Examination of egg contaminant data from several locations in the Northwest 

Territories between 1969 and 1983, revealed few distinct. trends in contaminant 

levels (Figure 13). Only DDE and dieldrin appear to have declined. Analysis of 

variance revealed no significant differences in contamination among time periods 

(Table 11), probably because DDE andmost organochlorines ranging irregularly 

over several orders of magnitude, and sample sizes were usually very' small. 

7.16.4 status and conclusions 

It is difficult to détermine population trends for Gyrfalcons. They tend ·to 

breed at low densities in remote locations, and are not particularly tenacious 

to the nest site (Martin, 1978). According to· Barichello and Mossop (1983), 

numbers of.breeding pairs in the Yukon vary in accordancewith their main prey, 
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the Willow Ptarmigan, Lagopus lagopus .. In other areas, where arctic hare or 

lemmings are the main prey, the productivity of Gyrfalcons depends on the 

abundance of those species. 

There are no indications of declining numbers of Gyrfalcons in Canada. 

Bromley (1986) noted that recent surveys had revealed more eyries than previously 

known, and that producti vi ty rates appeared normal throughout the spec ies' range. 

Occupancy rates of eyries in the eastern Northwest Territories showed no 

consistent trend between 1957 and 1969 (Kuyt, 1980). 

Kuyt (1980) and Calef and Heard (1979) noted that Gyrfalcons arrived at nest 

sites along the Thelon River and Wager Bay, respectively, as early as January, 

and bred earlier than other raptors. Egg laying therefore occurs long before the 

arrivaI of migratory birds, so few contaminants are transferred to the eggs. 

Although the data presented here are quite variable, most eggs contained low 

levels of contaminants. 

Organochlorine contaminants innestlings were also low and do not suggest 

significant accumulation over the season. 

7.17 American Kestrel Falco sparverius 

The range of the Arnerican Kestrel (or Sparrowhawk) in Canada extends from 

coast to coast, north to the Yukon in the west and southern Newfoundland in the 

east (Godfrey, 1986). It prefers open country (fields, meadows, woodland 

openings) often associated with agricultural lands. Canadian birds probably 

winter in the southern U.S.A. 

The diet consists mainly of invertebrates (grasshoppers, beetles, and 

crickets), small mammals (voles and mice), .and small birds (sparrows, cowbirds) 

(Sherrod, 1978). In Ontario, Young and BIome (1975) found the diet to consist of 

3% mammals, 20% birds, and 76% invertebrates. In· New York, Lincer and Sherburne 

(1974) reported Microtus in 70%, sparrows in 30%, and insects in 80% of the 

samples. 
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7.17.1 Analyses 

Nine eggs were collected for analysis of organochlorine andmercury content 

during the late 1960s: one fram New Brunswick in '1967, five from Saskatchewan in 

1967, and three from Alberta in 1968. In 1987,31 eggs were-collected from'three 

locations in Ontario. These were analyzed in three pools (of seventeen, nine and 

five eggs). In 1988, nineteen eggs were collected from two locations in Ontario', 

and analyzed in two 'pools. All recent sampies were analyzed only for 

organochlor ines.' 

The brains and livers of two Albertan specimens (a female shot in June, 

1968, and a male shot ,in August, 1968) were also analyzed; brains for 

organochlorines and livers for mercury. 

7.17.2 Levels andtoxic effects 

ODE residues, in the egg from New Brunswick and in one addled egg from 

Alberta were found toexceed 10 mg/kg (w.w.). Of the five egg pools analyzed in 

1987 and 1988, ODE exceeded 10 mg/kg in only one pooled sample, one of 17 eggs 

from southern Ontario (Table 6). This implies that about half of those eggs in 

the pool contained ODE residues in excess of 10 mg/kg. ~ 

ODE residues are known to cause eggshell thinning in American Kestrels 

(Porter and Wiemeyer, 1969). Lincer (1975) demo~strated that èggshell thickness 

was inversely related to the log of ODE concentrations. However,'Kestrels appear 

to be less sensitive to ODE than other members of thiür genus. Fyfe et al., '( 1988) 

found that shell thicknessof Kestrel eggs was unaltered by ODE residues less 

than 1.0 mg/kg, the highest threshold effect leve! within this genus. Moreover, 

ODE residues of 20 mg/kg in eggs werè associatedwith only 14% eggshell thinning. 

ODE residues of 10 mg/kg were associated with 11% shell thinning (Fyfeet al., 

1988) • 

The degree of eggshell thinning that would significantly affectproductivity 

has not b~en established in this species. Eggshell ,thinning was induced in 

experimentally-dosed birds by Wiemeyer and Porter (1970), who reported a greater 

incidence of egg-breakage and egg-eating-in the dosed birds laying eggs with a 
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mean of 10 mg/kg ODE. 

Dieldrin in eggs exceeded 0.5 mg/kg in two addled eggs collected from 

Alberta: 0.8 mg/kg and 1.25 mg/kg, respectively. Dieldrin egg levels greater than 

1.0 mg/k~ have been associated with reduced viability in other raptors (Lockie 

et al., 1969; Wiemeyer et al., 1975). In the same two eggs, heptachlor epoxide 

levels were 1.35 mg/kg and 4.8 mg/kg. Henny et al. (1983) reported reduced 

hatchability and increased early nestling mortality in American Kestrels where 

heptachlor epoxide levels in eggs were greater than 1.5 mg/kg. 

Means for the pooled samples from Ontario in 1987 and 1988 were low. None 

of the means for dieldrin exceeded 0.10 mg/kg, and none of those for heptachlor 

epoxide exceeded 0.12 mg/kg. 

Mercury concentrations in all eggs were less than 0.25 mg/kg, below levels 

associated withreproductive effects in any avian species. 

Contaminant levels in tissues of the two shot specimens were also low, well 

below known lethal concentrations. 

7.17.3 status and conclusions 

There is little evidence that American Kestrels haveever been adversely 

affected by organochlorine' pesticides iri Canada or the U. S.A. Henny (1972) 

reported low productivity in American Kestrels and considered the recruitment 

rate insufficient to replace losses due to mortality. He also cited declines in 

migrants at hawkwatching stations in Maryland since 1959. However, this species 

may fluctuate in numbers in relation to prey abundance. Heintzelman (1986) found 

numbers of migrating Kestrels at Hawk Mountain, Pennsylvania, to be cyclic. In 

Canada, populations were considered stable during the early 1970s by Fyfe (1976). 

It appears unlikely that numbers of this abundant species are being seriously 

affected by organochlorine contaminants. However, sorne individuals in southern 

Ontario are laying eggs with levels greater than 10 mg/kg, and might be 

experiencing slightly reduced productivity. Certain individuals may be exposed 

to potentially lethal doses of heptachlor (recently used in the U.S.A.) or 

nonchlorinated pesticides because of their close association with agricultural 

land. Dicofol (an acaricide that used to be contaminated with up to 15% DDT 
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compounds) has been used in southern Ontario orchards and may have affected the 

health of kestrels in those areas. Since kestrels are mainly insectivorous during 

the breeding season, they are generally at less risk through the food chain than 

larger falcons that arefeeding on migratory birds. 

7.18 Pereqrine Falcon Falco peregrinus 

Peregrine Falcons have a global distribution. The three races which occur 

in Canada have markedly different migratory habits (Palmer 1988) which affect 

'their exposure tO,environmental contaminants. Pea1e's Peregrine, Falco peregrinus 

pealei, is nonmigratory and essentially maritime, breeding in the Queen Charlotte 

Islands of B.C., southern Alaska, and the Aleutian' Islands. In,contrast, the 

Arctic peregrine, Falco peregrinus tundrius, is highly migratory. It breeds north 

of the treeline inCanadà( including Baffin Island, Ungava Bay, the central 

Arctic coast, western Hudson Bay; and ,the interior barrens of the Northwest 

Territories), AlaSka, and Greenland, andwinters in southern Latin America. The 

American peregrine, Falco peregrinus anatum, which breeds in forested areas of 

Canada and south to California and Mexico, is aiso migratory but tends to winter 

further north than, the Arctic Peregrine. 

Peregrines feed primad.ly on waterfowl, shorebirds, and passerines, altho,ugh 

almost ail speciee of birds and small mammalsfound in North'America have been 

recorded in their diet (Palmer, 1988). The pealei race in B.C. specializes on 

small alcids, such as the Ancient Murre1et Synthliboramphus antiquus (Nelson and 

Myers" 1977) as weIl as terns, small sea ducks, and shorebirds (Baril et al., 

1989). The tundrius r~ce in Alaska, feeds to a large extent on passerines, 

ptarmigan and shorebirds (Cade, 1960). The diet of anatum is the most diverse, 

ranging from small woodland passerines to waterfowl (Baril et al.', 1989). The 

diet is likely to differ on the breeding grounds, during migration and in the 

wintering arec1l. 
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701801 Analyses 

Twelve eggs of the pealei race from Langara Island, B.C., between 1965 and 

1972, and another four were collected in 1986 were analyzed. Five analyses of 

eggs (including two pools of four and eight eggs each) from Ontario and Quebec 

were carried out between 1985 and 1987. Thirty-nine eggs of this subspecies from 

Alberta were analyzed between 1968 and 1987, as well as 19 eggs from the Yukon 

and 17 eggs from the Northwest Territories (Mackenzie River area) between 1969 

and 1981. 

Twenty-four eggs of the tundrius subspecies were col1ected in Northern 

Quebec between 1967 and 1986, and 44 eggs were collected from the Northwe,st 

- Territories between 1966 and 1982. 

Tissues 'of all three ,subspecies were sampled for organochlorines and 

mercury. Usually, more than one tissue of a specimen was analyzed. The total 

numbers of specimens is three of the pealei (1966 to 1969), seven of the anatum 

race (1967 to 1987), and 19 of the tundrius race (1966to 1981). 

7.18.2 Levels and toxic effects 

Organochlorine residues in Peregrine eggs and tissues were extremely 

variable (Table 6). 

ODE levels in eggs ranged from 0.6 mg/kg to 194 mg/kg (w.w.). Of the three 

races, anatum was generally the most contaminated, particularly in samples 

collected during the 1965 to 1972 periode 

All experts agree that ODE causes eggshell thinning in falcons, including 

Peregrine Falcons. peakall and co-workers (1975) suggested that ODE 

concentrations of 15 to 20 mg/kg in eggs were enough to cause significant (ie 

20%) eggshell thinning and would lead to a population decline. 

Based on studies on productivity and eggshell thinning in other raptors 

(Hickey and Anderson, 1968; Lincer, 1975; Newton, 1979), Ratcliffe (1980) 

conpluded that although 20% eggshell thinning inevitably led to population 

declines'in Peregrines, productivity could be maintained when eggshellthinning 

was between 6 and 10%. Peakall and Kiff (1988) presented data on the degree of 
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eggshell thinning of 30 populations of Peregrines in relation to their status, 

and noted that virtually no populations' exhibiting more than .17% eggshell 

thinning were stable. 

Peakall and Kiff (1988) then reviewed the evidence for an inverse linear 

relationship between ODE residues in eggs of Peregrine Falcons and eggshell 

thickness.They confirmed the original assertion that 15 to 20 mg/kg DDE,in eggs 

would· cause a level of eggshell thinning (in this case 17%)' leading to, a 

population decline. 

During the period 1965 to 1972, 42% of the pealei eggs, 83% of the anatum 

eggs, and 18% of the tundrius eggs contained ODE residues in excess of the 

critical value of 15 mg/kg. 

By the period 1973 to 1979, only 29% of thé eggs of the anatum race, but 50% 

of the tundrius race, contained elevated concentrations of ODE. During the 

1980' s, none of the pealei or tundrius eggs, and 23% of the anatum eggs contained 

ODE residues in excess of 15 mg/kg. 

Overall, thirteen percent of the anatum eggs, 46% of the tundrius eggs, and 

none of the pealei eggs containeddieldrin at concentrations greater than the 

critical value of 1.0 mg/kg. (but see Nisbet, 1988). Studies on American Kestrels 

by Wiemeyer et al. (1986) suggest that dieldriri levels greater than 4.0 mg/kg in 

eggs are associated with reduced viability. However, field studies on Golden

,Eagles (Lockie et al., 1969) and Ospreys (Wiemeyer etai., 1975) suggest.tnat 

dieldrin leveis in excess' of 1.0 mg/kg in eqgs may he hazardous. ...~. 

One egg collected from the nest in the Mackenzie River are a of the Northwest 

Territoriescontainedmore than 1.5 mg/kg of heptachlor epoxide, the critical 

level associated with reduced productivity in studies with American Kestrels 

(Henny et al., 1983). MercurY'in two eggs collected from eyries in the Queen 

Charlotte Islands in 1969 exceeded 1. 5 mg/kg, which i,s well within the hazarçious 

range of mercury levels in eggs suggested byFimreite (1971) in work with 

Ring-necked Pheasants. 

Although none of the levels of organochlorines found in tissues ofCanadian 

Peregrines are indicative of acute pesticide poisoning, two individuals contained 

levels in the hazardous ranges. The most likely possibility of pesticide 

poisoning is an adult male tundrius found dead at Rankin Inlet in the Northwest 

Territories in 1982, with brain levels of 2.0 mg/kg dieldrin, 14 mg/kg ODE, 1.1 
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mg/kg oxychlordane, and 60 mg/kg PCBs. A three-year old female anatum shot in 

eastern Ontario in 1983 had accumulated 110 mg/kg PCBs, 30 mg/kg ODE, and 2.45 

mg/kg dieldrin in her fat. 

Nisbet (1988) reported that a migrant in North Carolina in 1973 and a 

breeding bird in New York city in 1985 died with lethal levels of dieldrin in 

their brains. 

701803 Temporal trends 

There was a significant decline in ODE residues ineggs of all three 

subspecies. In anatum, the most marked decline in ODE occurred during the early 

1970s. Oieldrin also declined in all three subspecies, although less markedly. 

Heptachlor epoxide levels appear to be increasing. No distinct trends can be 

determined from the PCB, oxychlordane, HCB, ot HCH data. 

Eggs of anatum from the Yukon and Northern Alberta were similar in residue 

levels and temporal trends, compared to eggs from the Northwest Territories and 

Quebec (peakall et ai., in press). 

7.18.4 spatial'trends 

Ouring the period 1965 to 1972, ODE was significantly lower in the central 

arctic tundrius than in other populations and subspecies. Oieldrin and heptachlor 

epoxide residues were significantly lower in pealei eggs. No data on PCSsor 

oxychlordane are available for this period (peakall et al., 1990); 

Ouring the period 1973 to 1979, only oxychlordane exhibited spatial 

differences. Levels of this compound were significantly higher in eggs of the 

anatum subspecies from Alberta and the Mackenzie River area, N.W.T., than in 

tundrius eggs from the central arctic. As chlordane 'use in North America was 

relatively high at that time, this might be explained by the fact that anatum 

birds were exposed to chlordane on their wintering grounds in the U.S.A. 

Setween 1980 and 1988, ODE, dieldrin, oxychlordane, and beta-HCH levels in 

eggs differed significantly (SNK multiple comparisons) among subpopulations. The 
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highest levels of ODE were recorded in Alberta, those of dieldrin in Northern 

Quebec, and those of oxychlordane in southern Quebec. It is possible that the 

eastern Peregrines are exposed to sorne contaminants, such as oxychlordane and 

PCBs, via the Great Lakes - St. Lawrence River systems. Levels of beta-HCH in 

eggs of pealei collected in the Queen Charlotte Islands were an order of 

magnitude higher than elsewhere, in agreement with high levels of this compound 

detected in the eg9s of one of their principal prey, the Ancient Murrelet 

(Elliott et al., 1989b)~ 

7.18.5status and conclusions 

The declines of thePeregrine Falcon in western and Northern Canada, and its 

extirpation from eastern Canada, havebeen attributed mainly to DDE- induced 

eggshell thinning and reductions in productivity (Peakall and Kiff, 1988). The 

effects of dieldrin on adult mortality and egg viability may also have b.een 

significant factors (Peaka1l et al., 1990).. 

Peregrine Falcons were extirpated from eastern Canada by the early 1970s 

(Fyfe, 1976), .but appear to be slowly recovering. Reintroduction programs in 

eastern Canada and the U.S.A. have bolstered the eastern anatum population 

somewhat, and a numbèr of breeding attempts have been reported in Canada and ,the 

U.S.A. Although never extirpated in Alberta, this populationalso appears to be 

increasing. The tundrius race in the arctic showed .some evidence of declines in 

the mid-1970s, but is currently considered stable. The pealei race, which 

declined in the 1950s and 1960s, has also shown signs of recovery (Munro and van 

Drimmelen, 1988), in accordance with lower organochlorine residue levels in eggs 

(Table 6). On Langara Island, the populationhas remained low bùt stable since 

the early 1970s (Nelson, pers. comm.). 

Sorne Canadian peregrines continue . to accumulate potentially hazardous 

concentrations in their tissues, even in sites as remote as western Hudson Bay 

(Table 9). Dependence on migratory avian prey, southern wintering areas, and the 

high trophic level of the diet have beensuggested as the main reasons for. the 

peregrine's vulnerability. Although most members of the genus Falao are 

relatively sensitive to the effects of ODE in eggs, Peregrinè Falcons are 
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probably less sensitive than Prairie Falcons or Merlins (Fyfe et al., 1988). 

Although the levels of most compounds, including ODE and dieldrin, have 

decreased in eggs over most of the peregrine's range sinç:e the late 1960s, a 

number of eggs still contain ODE or dieldrin above the critical values. There is 

some suggestion that heptachlor epoxide and oxychlordane levels may be increasing 

in some areas, but no population effects due to these compounds have been 

demonstrated forany raptors. 

Like many raptors in Canada, Peregrine Falcons have also been affected by 

loss of habitat, reductions in certain prey species, shooting, disturbance at the 

nest sites, and illegal poaching. Nevertheless, peregrines are apparently able 

to survive in urban situations, feeding on pigeons, starlings, and other resident 

urban species. Although contamination originating from organochlorine pesticide 

use in Latin America (in their migratory prey or pickedup themselves during 

their winters in Latin America) may be a cause for concern, most Latin American 

countries are currently implementing restrictions (Burton and Philogene, 1986). 

If the levels of ODE and dieldrin in eggs continue to decline, the prognosis for 

Canadian Peregrine Falcon populations ahould improve. 

7.19 Turkey Vulture Cathartes aura 

". 
Although two species of vultures occur in Canada, only the Turkey Vulture 

breeds here. Ite breeding range covera southern B. C., Alberta, Saskatchewan, 

Manitoba, and the Great Lakes region of southern Ontario (Godfrey, 1986). In 

Canada, this epecies is largely migratory. 

Vultures feed almost exclusively on carrion and are found in all terrestrial 

habitats except unbroken forest. The animaIs that form their diet potentially 

expose the birds to a diverse array, of chemical pollutants and pathogens. These 

would include lead shot, organochlorine insecticides, mercury, rodentic ides, 

strychnine, and other deliberately used poisons. 
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7.19.1 Analyses 

Breast muscle and livers from three specimens collected in southern Ontario 

in 1973 were analyzed for mercury content. 

7.19.2 Levels and toxic effects 

Of the three Turkey Vulture livers analyzed for mercury, two contained 

residues in excess of 20 mg/kg, one as high as 60 mg/kg. This concentration 

probably contributed to mortality. Mercury levels. of 20 mg/kg in livers of 

Red-tailed Hawks were associated with rriortality (Fimreite and Karstad, 1971). Van 

der Molen and co-workers (1982) found mercury to be l~thal to Grey Herons at 

liver levels greater than 50 mg/kg (w.w.). 

7.19.3 status and conclusions 

Little is known of the current status of the Turkey Vulture in canada, but 

there is no obvious evidence of declines. Comparatively little work has been done 

on the effects of organochlorines on vulture reproducti6n. Kiff et al. (19~3), 
~~.., 

found that from 14 to 30\ of the Turkey Vulture eggs collected in the southern 

U.S.A. between 1947 and 1974 had significantly (Le. 20\) thinner-shelled eggs. 

Itis possible that vultures as a family are relatively sensitive to ODE because 

Kiff et al. (1979) found 20\ eggshell thinning induced by only 5 mg/kg ODE in the 

eggs of California Condors. 

There is no information about theeffects of other types of pollutants 

(h~avy metals, industrial chemica1s, nonorganochlorine pesticides) on vultures. 

7.20 Common Barn.Owl Tyto alba 

A cosmopolitan species, Barn Owls breed in Canada only in southern Ontario 

and southwestern British Columbia. In B.C., Barn Owls are sedentary, but in 

southern Ontario with its heaviersnowfalls, they tend to migrate short distances 
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(Campbell and campbell, 1983; GOdfrey, 1986). This species pre fers open country, 

such as agricultural land, natural grasslands, and meadows. 

Typical prey species are voles, other small mammals, and small birds (Klaas 

et al., 1978). In British Columbia, Campbell (1983) found that Hicrotus species 

comprised 75\ of their diet, Sorex species about 11%, and birds about 2\ • 

However, one urban pair specialized on the starling Sturnus vulgaris, Rock Daves 

Columbia livia, and House Sparrows Passer domesticus. 

702001 Analyses 

Eight livers of Barn OWls collec.ted in British Columbia in 1984 and 1985 

were analyzed for organochlorines. Sorne liv.ers were also analyzed for heavy 

metals. 

7.20.2 Levels and toxic effects 

Levels of organochlorines in livers were low (Table 7). Maximum individual 

concentrations were: 4.3 mg/kg ODE, 0.14 mg/kg dieldrin, 0.20 mg/kgheptachlor 

epoxide, and 3.5 mg/kg PCBs, aIl wet weights. Theseare weIl below thecritical . 

liver levels of 100 mg/kg ·.DDE and 10 mg/kg dieldrin, heptachlor epoxide, or 

oxychlordane suggested by Cooke et al. (1982) • 

There has been some work on the effects of organochlorine contaminants in 

eggs of owls, although these are not strictly comparable to levels in livers. 

Klaas et al. (1978) found that ODE egg levels greater than 5.0 mg/kg in Barn OWls 

were associated with significantly thinner shells. Mendenhall et al. (1983) found 

that levels of dieldrin from 0.3 ta 0.4 mg/kg in eggs of Screech OWls had no 

effect on reproduction. A Barn Owl found de ad of suspected heptachlor poisoning 

in Oregon was reported to have 1.1. mg/kg heptachlor epoxide, 0.31 mg/kg 

oxychlordane, and 0.18 mg/kg ODE in its brain (Henny et al., 1983). 

Mercury residues in livers were low, less than 1.0 mg/kg in all cases. In 

a review of mercury toxicity ta birds, lethal levels in a number of species 

ranged from 20 mg/kg to 50 mg/kg (Scheuhammer, 1987). Lead residues were aIl Iess 
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than 0.5 mg/kg. 

7.20.3 Geoqraphical comparisons 

ODE residues in livers reported here are. similar to those reported for 

livers of two Barn OWls collected by Friis in the early 1970s and in British 

Columbia (Càmpbell and Campbell, 1983). ODE levels inthose two birds were 0.3 

and 1.1 mg/kg, respectively. 

7.20.4 status and conclusions 

Barn OWls have a close association withagricultural areas and are probably 

exposed to relatively high levels of organochlorines in their prey, particularly 

those specializing onbirds, • Nevertheless, Henny (1972) found no differences 

in adult mortality or recruitment rates in this species before and during'the 

pesticide era. 

This species is considered to be declining,. in Ontario, where there is a::

smàll population, but stable in southern British Columbia, where the populat~.9n:. 

is much larger (Campbell and Campbell, 1983). Itspropensity for nesting in cli~se 

proximity to farmland, often using man-made structures, means that it is exposed 

to a variety of agricultural chemicals including currently used organophosphates, 

rodenticides, and herbicides. 

However, thedemographics of Barn OWl populations suggest that pesticides 

would have little long-term impact on populations. Barn OW1 mortality is 

relatively high because of its dependenceon the availability of small mammals. 

Campbell and Campbell (1983) considered cold-stress and heavy snowfall to be the 

major causes of mortality in Canada. This species is also highly prolific, 

breeding in its second year, and sometimes producing two clutches of up to 11 

eggs each. These factorsmake long-term declines lesslikely than in longer-lived 

species. 
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snowy Owl Nyctea scaniaca 

The Snowy OWl has a circumpolar distribution. In Canada, it breeds north of 

the treeline, but winters irregularly as far south as the southern U.S.A. 

(Godfrey, 1986). These flights to southern localities are cyclic, correlated 

primarily with fluctuations in the abundance of lemmings, their staple diet in 

the arctic. Other prey taken include other small mammals, birds, and occasionally 

fish. 

702101 Analyses 

only one Snowy OWl egg, collected from a nest in the N.W.T. in.1973, has 

been analyzed for organochlorine content. 

7.21.2 Levels and toxic effects 

Levels of organochlorines and mercury were relatively low (Table 7), well 

below values associated with reproductive, effects in owls(Klaas et al., 1978; 

Mendenhall et al., 1983). Although little can be concluded from a sample of one, 

the DDE level of 3.27 mg/kg (w.w.) in this egg suggests sorne exposure to 

organochlorine contaminants, perhaps from migratory prey. Resident prey, such as 

lemmings, usually contain very few contaminants at low levels (Cade et al., 

1971). 

7.21.3 status and Conclusions 

There is no evidence of population declines of Snowy Owls anywhere in its 

breeding range. The typically mammalian prey and remote breeding areas minimize 

its exposure to pesticides. Despite sorne evidence of increasing contaminant 

levels in arctic biota (Muir et al., 1988), Snowy OWls feeding primarily on 

lemmings are unlikely to be adversely affected. 
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7.22 Great Grey Owl strix nebulosa 

In North America, Great Grey Owls breed from near the treeline south to the 

Northern U.S.A. and Northern Ontario. They tend to winter in their breeding range 

and, irregutarly, in southern Ontario, Quebec and the Maritimes (Godfrey, 1986). 

These owls breed inboreal forests, although much of their foraging is done in 

open areas, particularly during the winter. Mice are the staple diet. 

7.22.1 Analyses 

Three addled eggs of this species were collected from Northern Minnesota/ 

southern Manitoba in 1984 and analyzed for organochlorine content (Table 7). 

7.22.2. Levels and toxic effects 

Levels of organochlorines were extremely low in these three eggs. The total 

organochlorl.ne content did not exceed 0.30 mg/kg (w.w.) in any of the eggs. TlJis ... 
.;!~. 

ia attributed to their diet of mice and other small mammals, which are rarely 
, ~, 

found to be contaminated. 

7.22.3 status and conclusions 

Nero (1979) classified this species as a sparse resident overmost of the 

known breeding area. Virtually nothing is known of the historical status of this 

owl, but,there are no indications of declines. The stability of the population 

is dependent on small mammal populations and the forest habitat that supports 

them. Although shooting, leg-holdtraps, and other human-related activities 

increase mortal ity, 

contamination does 

populations. 

and deforestation 

notappear to be a 
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Long-eared Ovl ABio otus 

The Long-eared Owl breeds in wooded areas over most of Canada from southern 

B.C. to the Maritimes. In winter this species moves to the south of its breeding 

range, often wintering in southern Ontario, southern B.C. and the Maritimes 

(Godfrey, 1986). 

Long-eared Owls feed primarily on mi ce and other small mammals. Marks (1984) 

found 90% of the diet in Idaho to be Peromyscus sp., Perognat;hus sp., and 

Dipodomys sp. 

702301 Analyses 

Nine eggs of Long-eared Owls collected in Saskatchewan between 1967 and 1969 

and the brain and breast muscle of an adult found dead on the road in 

Saskatchewan in 1967 were analyzed for organochlorines and mercury. 

7.23.2 Levels and toxic effects 

Organochlorine levels in Long-eared Owl eggs were relatively low (Table 7), 

w~th ODE up to 3.1 mg/kg, dieldrin up to 0.15 mg/kg, and heptachlor epoxide up 

to 0.018 mg/kg. None of the concentrat.ions detected were associatedwith adverse 

effects in studies with other owls (Klaas et; al., 1978; Mendenhall et; al., 1983). 

ODE levels in eggs of this species in Oregon were less than 0.5 mg/kg, and no 

eggs showed any evidence of thinning (Henny et; al., 1984). 

7.23.3 status and conclusions 

Although little is known of the status of this seldom-seen owl, there are 

no indications of declines anywhere. Like many owls which depend on prey which 

fluctuates in abundance, productivity and mortality varies with food 
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availability. Due to their diet of .relatively uncontaminated smàll mammals, it 

is unlikely that Long-eared OWls ever accumulate a signif icant burden of 

organochlorine contaminants. 

7.24 Short-eared OWl Asio flammeus 

The Short-eared OWl breeds over most of Canada from British Columbia to 

Newfoundland, in open country meadows, fresh and saltwater marshes, and low 
. , ". 

arctic tundra. In winter, Canadian birds withdraw from the northern parts of 

their range to southern Ontario, southern B.C., and further south (Godfrey, 

1986) • 

Its diet includes a variety ofsmall rodents and birds associated with 

marshes. 

7.24.1 Analyses 

six eggs ofthis species coll~cted from Saskatchewan and Alberta in 1969';;: 

were analyzed for organochlorine content. Other tissues analyzed for 

organochlorines includebrains and breast muscle of three birds collected in B. C. 

in 1968, and gonads and subcutaneous fat of a specimen. from Saskatchewan in 1967. 

Livers of three birds shot in Alberta in 1969 were analyzed for mercury. 

7.24.2 Levels and toxic effects 

Levels of organochlorines in the eggs of the Short-eared OWl were, for owls, 

comparatively high. Individual samples contained up to 7.6 m<;1/kg ODE· and 0.95 

mg/kg dieldrin (Table 7). ODE egg levels greater than 5.0 mg/kg were associated 

with thinner shelled eggs in Barn Owls (Klaas et al., 1978). Dj.eldrin levels 

close to 1.0 mg/kg in eggs have been associated with reduced viability (Lockie 

et al., 1969; Wiemeyer et al., 1975). Although organochlorine levels in eggs of 

Short-eared OWls were. lower than critical values establishedfor owls, ODE 

concentrations in sorne eggs were high enough to indu ce serious eggshell thinning 
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in some falcons (Fyfe et al., 1988). The degree of shell thinning that owls are 

able to tolerate is not known. Henny et al. (1984) found no evidence of shell 

thinning in Oregon, where ODE residues averaged 0.30 mg/kg. However, one egg in 

that study contained 1.7 mg/kg heptachlor epoxide. 

Organochlorine levels in tissues were well below lethal values established 

in other studies (Stickel et al., 1979; Cooke et al., 1982; Blus et al., 1984). 

The highest mercury level detected, 11.3 mg/kg in one of the livers, is below 

critical levels establishe4 in other studies (Scheuh~er, 1987). 

702403 status and conclusions 

Little is known of the status of the Short-eared Owl in Canada. It was 

blue-listed in 1982 (Tate" and Tate, 1982), the declines being largely attributed 

to the destruction of wétlands rather than contamination. However, as the 

preferredprey is often migratory or associated with aquatic systems, this owl 

may be exposed to more contaminants than most other owls. 

7.25 Great Horned OwlBubo virginianus 

The Great Horned Owl is resident over most of Canada south of the treeline. 

During winter, individuals may wander widely, but most are basically sedentary 

(Godfrey, 1986). Great Horned OWls inhabit both deciduous and coniferous woods, 

small groves, and are often found close to humans in cities and on farms. 

They feed on a wide variety of prey, including rabbits, rats, mice, skunks, 

grouse, waterfowl, and seabirds (Godfrey, 1986), many of which are themselves 

relatively high on the food chain. 

7.25.1 Analyses 

Thirty-three fresh or addled egg9 of this species were collected mairtly from 

Alberta and Saskatchewan, but also Ontario and the N.W.T., between 1967 and 1970. 

Most egg samples were analyzed for both organochlorineand mercury content. 
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Liver of a specimen from Ontario collected in 1968 was analyzed for mercury. 

Four tissues of a road-killed owl from Saskatchewan in 1967, brain tissue of a 

,two-week old nestling from Saskatchewan and two adults from New Brunswick in 

1969, and the liver of anestling from Alberta were analyzed for organochlorines . 

7.25.2 Levels and toxic effects 

ODE levels in this species varied from very low to 16~2 mg/kg in an addled 

egg (Table 7). Generally, eggs from the prairie provinces in 1969 and 1970 were 

most contaminated. 

The critical shell~thinning effect level has not been established in this 

epecies, but it ie possible that sorne thinning occùrs at levels as low as 5.0 

mg/kg. Springer (1980) and Seidensticker and Reynolds (1971) found that ODE 

levels less than 5.0 mg/kg had no effect on shell thickness. However, ODE levels 

greater than 5.0 mg/kg in eggs of Barn OWls were associated with significantly 

thinner eggshells (~laas et al., 1978). About 50% of the eggs sampled contai~ed 

ODE residues in excess of 5.0 mg/kg; about 25% of the eggscontained more than~ 

10 mg/kg of ODE. 

Dieldrin concentrations in eggs were all less than 0.80 mg/kg, which7. 

probably had no effect on hatchability. Heptachlor epoxide levels in two eggs 

from Saskatchewan, however, exceeded 1.5 mg/kg, a value associated with reduced 

productivity in, kestrels (Henny e,t al., 1983).' 

Contaminant levels in all tissues except subcutaneous fat were low in the 

shot adults and nestlings found dead during the late 1960s. ODE in the livers of 

two Great Horned OWls allegedly exhibiting unusual behaviour at a ski resort in 

Banff during the winter of 1984 averaged 15 mg/kg, relatively' high but below 

lethal levels established in investigations of other raptors (Cooke et al., 

1982) • 

There have been a number of incidences of pesticide poisoning elsewhere. The 

brain of a Great 'Horned Owl that died of chlordane poisoning in the latel970s 

(Blus et al., 1983) contained 3.7 mg/kg oxychlordane, 5.1 mg/kg heptachlor 

epoxide, 0.8 mg/kg dieldrin,and 28 mg/kg ODE. Of these values, only the 

chlordane related compounds (heptachlor epoxide and oxychlordane) were considered 
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to be at diagnostically lethal levels (Stickel et al., 1979). It is noteworthy 

that the carcass contaminant levels were much lower (4.5 mg/kg ODE, 0.10 mg/kg 

dieldrin, 0.70 mg/kg heptachlor epoxide, and 0.40 mg/kg oxychlordane). This 

pattern is consistent with the, hypothesis that sick or starving birds soon 

metabolize stored body fat, thereby increasing concentrations of lipophilic 

contaminants in the blood and other tissues. 

The deaths of at least nine Great Horned OWls in New York State between 1982 

and 1986 were variously attributed to poisoning by dieldrin, oxychlordane and 

heptachlor epoxide, based on diagnostic levels in the brains (Stone and 

Okoniewski, 1988). Another Great Horned OWI found dead in 1981 contained PCB 

residues in the brain of 357 mg/kg, one of the two reported cases of PCB 

poisoning in birds (Stone and Okonieski, 1983). 

702503 Temporal trends 

Comparison of contaminant levels in Great Horned owls collectedin 1970 or 

earlier compared to levels in the tissues of ~hose collected in 1984 revealed no 

significant change in ODE in breast muscle. No other comparisons,werepossible. 

7.25.4 status and conclusions 

Organochlorine levels in Great Horned OWls may have affected survival and/or 

reproductive success in sorne individuals, based on critical levels established 

in other studie's. Nevertheless, there have been no detectable effects on 

populations of this species, which appears to have' adapted weIl' to hurnan 

activities (Cadman et al., 1987). Henny (l972)analyzed recoveries of banded 

Great Horned OWls and found mortality rates to be balanced with recruitment 

,rates. Populations of Great Horned Owls appeared to have been stable during the 

period 1930 to 1970. 

Elevated levels in sorne individuals certainly occur where migratory birds 

or waterbirds are a major component of the, diet. Great Horned OWls preying on 

Great Lakes gulls, for example, would probably contain sorne of thé highest levels 
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of organochlorines, but there are few indications of poor reproductive success 

or adult mortallt:,y in this region. One Great Horned OWl found de ad by Stone and 

Okoniewski (1988) contained elevated levels of mirex, an indication that it had 

been feeding on wildlife associated with Lake Ontario (Norstrom et al., 1980). 

7.26 Burrowinq owl Athene cunicùlaria 

The Burrowing OWl has a breecÙng distribution which includes parts of 

southern Manitoma, Saskatchewan, and Alberta. There is also a remnant population 

in the Okanagan Valley, B.C. (Wedgewood, 1978). This owl inhabits 'dry grassland 

areas, nesting in abandoned mammal burrows. On the Prairies, Burrowing owls are 

migratory, wintering in southern U.S.A. and Central America~ 

Their diet consists mainly of insecte (grasshoppers and ground beetles), but 

also includes small mammals (mice, voles, and ground squirrels), small birds, and 

snakes (Wedgewood, 1978). 

7.26.1 Analyses" 

One egg collected in Saskatchewan in 1968 was analyzed for organochlorines 

and mercury (Table 7). In addition, three adult Burrowing owls were collected in 

1968. The brains were analyzed for organochlorine content, the livers for 

mercury. 

7.26.2 Levels and toxie effeets 

Levels of organochlorlnes in the egg were very low (0.68 mg/kg ODE, 0.42 

mg/kg dieldrin, and 0.15 mg/kg heptachlor epoxide), well below levels associated 

with reproductive effects in other avian species. Organochlorine levels in the 

brains were also below critical levels established elsewhere. The relatively 

elevated amount of heptachlor epoxide (0.71 mg/kg) suggestsa local or recent 

source. Henny et al. (1984) reported low levels of ODE in eggs of this species 
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in Oregon and Haug (M.Sc Thesis, University of Saskatchewan, 1985) found very low 

levels of DDE, DDD and DDT in tissues and one egg of Burrowing owls collected in 

Saskatchewan. 

Mercury levels were as high as 6.2 mg/kg (w.w.) in livers, but well below 

lethal values determined for other raptors (Fimreite and Karstad, 1971). 

702603 status and conclusions 

Burrowing Owf numbers on the Prairies have been declining for some time. In 

1979, this species was declared a threatened species in Canada. Declines have 

been attributed mainly to indiscriminant shooting, destruction of burrows (or the 

animals which excavate them), and the use of pesticides to control grasshoppers 

(Wedgewood, 1978). 

As organochlorine residues are relatively low and productivity outside areas 

sprayed with carbofuran appears normal, organochlorine contaminants are probably 

not a factor in the decline of this species. However, currently used pesticides 

are a prob1em. 

In a study on the impact of the insecticidecarbofuran (tradename Furadan 

480F) on Burrowing Owls, Fox et al~ (1989) found that survival and reproductive 

success was reduced when carbofuran was sprayed over the burrows. Their data 

suggested that carbofuran wasdirectly toxic to the owls, either'dermally or by 

ingestion of contaminated prey. Considering the active program to rehabilitate 

the Burrowing Owl in Canada, Fox et al. (1989) recommended suspension of 

carbofuran use, or at least restrictions on its use, near owl colonies. 

8.0 CONCLUSIONS 

8.1 Raptor samples analyzed 

Between 1965 and 1988, over one thousand raptor eggs, of twenty-four species 

of raptors known to breed in Canada, were analyzed for their organochlorine and 

mercury content. The majority of the samples were eggs of Merlins and prairie 

Falcons from Saskatchewan and Alberta, but all geographical regionsof Canada 

were represented. 
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More than one hundred samples of raptor tissues were also analyzed during 

the same period. For most specimens, the liver and brain were the tissues 

selected, but in some cases, muscle, fat, gonads or whole bodies were also 

analyzed. Additionally, a series of blood sampleswere obtained in the late 1980s 

from several species of raptors migrating through Ontario. 

8.2 Contaminants 

The following contaminants were found in the eggs and tissue samples of 

raptors in Canada: ODE, dieldrin, heptachlor epoxide, PCSs, oxychlordane, HCS, 

DDT, 000, mirex,à-HCH, b-HCH, lindane, cis and trans chlordane, cis and trans 

nonachlor, as well as mercury and lead. The presence of certain compounds only 

in recent samples reflects improvements in analytical methodology. Prior to the 

mid 1970s, the HCH isomers, the chlordane-related compounds and PCSs could not 
{"'. 

be reliably measured. 

8.3 Adult Mortality 

c,.. 
Very few tissues contained residues suggestive of pesticide or heavy metal 

.~." 

poisoning. Mércury in the livers of two Turkey Vultures and one Sald Eagle, from 

Ontario in 1970, exceeded the critical value of 20 mg/kg. ODE in liver of one 

Sharp-shinned Hawk collected in B.C. in 1984-85 was greater than 100 mg/kg, wet 

weight. 

However, mobilization of stored 1ipophilic contaminants during migration may 

be a hazard for some individuals. Report's of pesticide poisoning in the USA 

include one Canadian-banded Merlin with lethal 1evels of heptachlor epoxide in 

its brain (Henny et al., 1976). 

8.4 Effects on reproduction 

Organochlorine levels in many raptor eggs exceeded critical threshold levels 
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calculated from the toxicological literature (Table 10). However, there are 

significant interspecific differences in toxic effects. For example, ODE probably 

reduces productivity in Prairie Falcons at egg levels as low as 1. 2 mg/kg, 

whereas the critical value for Peregrine Falcons is about 15 mg/kg. 

Based on the derived critical values, ODE in eggs was high enough to cause 

eggshell thinning in Bald Eagles, Osprey, Red-tailed Hawks, Northern.Harriers, 

Merlins, Prairie falcons, Peregrine Falcons and Great Horned OWls in the late 

1960s and early 1970s. significant eggshell thinning is probably still occurring 

in some Sharp-shinned H~wks, Cooper's Hawks, Peregrine Falcons and Merlins. 

Although the critical level of dieldrin in eggs has not been established, 

we considered concentrations in excess of 1. 0 mg/kg to be hazardous. Egg residues 

exceeded this value in one Sharp-shinned Hawk, one Golden Eagle, one Gyrfalcon, 

one American Kestrel, several Red-tailed Hawks, Swainson's Hawks, Ferruginous 

Hawks, Bald Eagles, Northern Harriers, Peregrine Falcons, prairie Falcons and 

Merlins. 

Heptachlor epoxide concentrations greater than 1.5 mg/kg may have impaired 

the viability of at least one egg of a Red-tailed Hawk, Swainson' s Hawk, 

Ferruginous Hawk, Rough-legged Hawk, Northern Harrier and Kestrel, several eggs 

of Merlins, Peregrine Falcons, prairie Falcons and two Great Horned OWl eggs. 

Mercury residues greater than 0.5 mg/kg were found in Bald Eagles, Prairie 

Falcons and a Red-tailed Hawk. 

8.5 Influence of diet and migration 

The main factor accounting for interspecific differences in residue levels 

was diet. Species which preyed on migratory and/or aquatic birds or fish were 

generally more contaminated than thosewhich fed on mammals for all 

organochlorines. The main sources of mercury appeared to be fish and carrion • 

. Migratory behaviour was also a factor, with resident raptors less 

contaminated than migratory species. However, there was no consistent pattern of 

contaminant residues with respect to wintering area. Species that winter in South 

and Central America (eg. Swainson's Hawk and Osprey) where many organochlorine 

pesticides continue to be used were not consistently more contaminated than 
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species wintering in the USA (eg. Bald Eagles and Red-shouldered Hawks). 

Species which undertake prolonged migratory flights relying solely on body 

fat may be at risk due to the mobilization of stored lipophilic contaminants, but 

there ia little evidence of this. 

8.6 Temporal trends 

. It was possible toanalyze for temporal trends in a few species, most from 

the prairie provinces. 

In the eggs of· Swainson's and Ferruginous Hawks from Alberta and 

Saskatchewan,·DDEand heptachlor epoxide levels changed little between the late 

1960s and the mid 19808. Only dieldrin in the Swainson's Hawk eggs declined. 

In Merlin eggs, dieldrin and 00& declined significantly, but heptachlor 

epoxide levels showed no consistent trend. In prairie Falcons, all three of those 

compounds declined. .-
Both ODE and dieldrin decreased in all three races of Peregrine, ODE 

significantly. Heptachlor epoxide levels appeared to b~ increasing, and othe~ 

compounds showed no trends. 

In Bald Eagles breeding in Northern Ontario, only ODE declined significan~ly 

between 1968 and the mid 1980s. In the arctic, only dieldrin in eggs of 

Rough-legged Hawks declined. Levels of ODE and heptachlor epoxide in Rough-legged 

Hawks and Gyrfalcons showed no significant change. 

8.7 status of Canadian raptor populations 

Based on sources in Canada and the USA, we conclude that a number of 

Canadian raptor populations did experience declines attributable to pesticides. 

The best known examples are the Bald Eagles from the Great Lakes and 

Northern Ontario, and the anatum race of the Peregri.ne Falcon which was 

extirpated from all of its eastern range. Aided by re-introductions, both of 

these species are reclaiming their former range. Although the evidence for 

population declines in some other species is less conclusive, it seems likely 
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that Osprey, Prairie Falcons, Merlins and Cooper's Hawks also experienced 

declines during the pesticide era. Populations of these species are currently 

stable. 

A few species such as Ferruginous Hawks, Red-shouldered Hawks, Barn Owls and 

Burrowing Owls have also declined, but this has been attributed mainly to loss 

of habitat and disturbance. 

Turkey Vultures, Red-tailed Hawks and Great Horned Owls have expanded their 

ranges. However, we know little of the status of the remaining species, 

particularly arctic residents, the boreal fore st owls and species with cyclic 

fluctuations in numbers (eg. Northern Harriers). 

808 Raptors as monitors of environmental contamination 

Raptors can be used to monitor levels of contamination in the terrestrial 

environment becausethey are exposed to high levels of biomagnifying compounds •. 

Moreover, because of the toxic effects of those compounds, healtheffects in 

raptors may be the first indication of the hazard to the ecosystem. 

Analyses of specimens found dead may be qualitatively useful in monitoring 

incidences of pesticide poisoning.Analyses of unhatched'eggs provide an idea of 

the frequency ofcontaminant-related effects on reproduction, while collections 

of fresh eggs can be used.to monitor averagelevels of contamination. 

However, due to individual differences in diet, geographical and seasonal 

differences in prey availability, and. the large ranges of most raptors, levels 

in eggs and tissues are extremely variable, and results of ana:).yses may be 

difficult to interpret. Sampling would be best carried out in conjunction with 

reproductive and diet studies. 
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APPENDIX 1\" 

The tables in Appendix A conta in data on the detected concentrations of 

eleven environmental contaminants in raptor eggs and tissues analyzed by the 

Canadian Wildlife Service between 1965 and 1989. Note that the 1989 data included 

in this appendix are not included in Tablés 1 and 3 - 10, which coyer the period 

1965 to 1988. A few recently analyzed samples (mainly Osprey, Bald Eagles and 

accipiters) are not included in this report pending further analyses of the data 

by the investigators of those projects. 

Because raptor nests are dispersed, egg data are summarized by region 

(usually a province), year of collection, and condition, for each species. T.issue 

data are generally presented individually, or on a nest by nest basis, for each 

tissue analyzed from a particular locality and year. lndividual or mean 

percent age fat and percentage water are also provided in Appendix A. 

The Mean (geometric meàn) , N (number of individuals in a sample set), #det 

(number of samples within a data set with detectable quantities of a particular 

compound), min (the lowest value detected) and the max (the highest value 

detected) are presented for each compound. A value of one half the detection 

limit (usually 0.0005) was assigned for each compound analyzed for, but not 

detected. For all species, the Mean is the geometric mean based on all samples 

analyzed for that compound, including those below the detection limite For 

Merlins, Prairie Falcons and Peregrine Falcons, the Mean is the geometric mean 

of those samples with detectable concentrations. 

Eggs collected from nests were classified as fresh, addled, rotten, or 

infertile. Viable eggs refer to eggs that were fresh (collected early in the 

incubation period) or showed some evidence of embryonic develOpment. Nonviable 

eggs were generally rotten or infertile. The condition of some eggs was not 

recorded. 

Both eggs and tissues may have become dehydrated, thus elevating the 

detected concentrations. This can be detected from the low percent water in those 

samples. Eggs with percent water less th an 60% were excluded from statistical 

analyses. 
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- - - - - - - - .. - - .. - - - - - - -
Location Vear 1 Tissue 'Ji, 'Ji, . Men:nry DDD DDE DDT Die! HE. IICD PCBs Oxy B-IICII Mirex 

Fat 1 Water 

, Species: NORTIIERN GOSIIA WK (Acûpùer gemiJls) 

NB 1969 Fr~sh ~gg 6.3 80 . 0.15 3;90 0.042 0.049 0.019 - - ND -

Ontario (South) 
'~ 

1987 Fr~sh eggs 4.3 83 Mean, - 0.01S 0.99 0.020 0.089 0.040 0.004 0.56 0.064 O.OOIS 0.007 
#detlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 3/3 

min 0.007 0.27 0.012 0.036 0.036 0.002 0.25 0.03B 0.0015 0.0005 
max 0.027 1.82 0.026 0.20 0.20 0.008 0.B9 0.12 0.0015 0.019 

Ontario (South) 1989 Fr~sh eggs 5.6 81 Mean - ·0.005 0.81 0.008 0.036 0.011 0.002 0.32 ·0.014 0.0007 0.048 
IIdetlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 1/1 4/4 

min 0.003 0.64 0.002 0.019 0.008 0.001 0.16 0.010 0.0004 0.019 
max 0.008 1.18 0.024 0.10 0.025 0.003 1.48 0.024 0.029 0.19 

- indicates that chemical was not included in analysis; ND indicates chemical was included in analysis but not detected;' ?CBs are presented on the buis of Aroclor 1260, othclWise PCBs are based on ft 1: 1 mixture of Aroclors 
1254:1260;· methyl mercury· ,2" 

,', 
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Location Vear Tissue % % Mercury DDD DDE DDT Diel HE • HCB PCBs Oxy B-IICn Minl>! 
Fat Water 

Species: COOPER'S IIAWK (AccipiJer cooperû) 

Manitoba 1967 Addl.:d .:gg 8.3 80 - 3.42 14.6 0.11 5.87 0.17 - - - - -
Saskalch.:wan 1967- Addled eggs 4.7 81 Mean 0.11 0.080 4.19 0.059 0.11 0.11 0.006 0.27" - ND ND 

70 NdetlN 2/2 9/9 9/9 919 9/9 9/9 1/\ 4/4 0/1 
min 0.10 0.011 2.35, 0.003 0.035 0.012 ,0.087 

.max 0.13 0.62 6.02 0.44 0.22 0.56 1.49 

Saskalchewan 1968- Fr.:sh eggs 4.7 84 Mean 0.044 0.018 3.55 0.013 0.28 0.11 - 0.057" 0.051 -
69 NdetlN \/\ 2/2 2/2 2/2 2/2 2/2 1/1 11\ 

min 0.007 3.38 0.004 0.16 0.042 
max 0.044 3.73 0.04\ 0.49 0.26 

Alberta 1971 Addled eggs 4.0 82 Mean 0.081 0.0023 4.41 0.030 0.17 0.056 0.0\0 0.63' - ND ND 
NdetlN 3/3 2/3 3/3 \/3 3i3 3/3 3/3 3/3 

min 0.050 0.0005 3.73 0.0005 0.13 0.050 0.010 0.60 
max 0.12 0.05 5.39 0.030 0.29 0.070 0.010 0.71 

Alberta 197i- Fresh eggs 4.2 83 Mean 0.066 0.024 2.64 ND 0.46 0.089 0.024 0.77" - ND ND 
73 Nd.:tlN 2/2 2/2 2/2 2/2 2/2 2/2 2/2 

min 0.040 0.014 1.17 0.16 0.050 0.010 0.61 
max 0.\\ 0.040 5.95 1.31 0.\6 0.057 0.98 

Alberta 1975 Addled cgg 5.4 8\ 0.03 0.14 3.91 0.15 0.11 0.09 O.oJ8 0.64 - - 0.02 

Alberta 1978 Egg condition 4.4 81 0.25 5.46 ! 0.010 0.\2 0.030 0.030 7.98 0.060 0.005 -
nol recorded 

Onlario (South) 1986 Addled eggs 4.5 82 Mean - 0.022 5.19 0.018 0.32 0.11 0.008 2.37 0.18 0.004 0.17 
NdetlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 2/2 4/4 

min 0.008 2.42 0.005 0.18 0.091 0.005 1.53 0.14 0.004 0.011 
ma'x 0.049 9.12 0.055 0.61 0.14 0.016 2.95 0.25 0.004 0.27 

Ontario (South) 1987 Fresh eggs 4.6 83 Mean . 0.027 3.40 0.030 0.40 0.14 0.009 US 0.28 0.008 O.OOS 
NdetlN SIS SIS SIS SIS SIS SIS SIS SIS SIS 2/2 

m,in 0.0095 1.19 0.0075 0.21 0.078 0.005 0.83 0.19 0.002 0.0005 
max 0.22 24.7 0.23 0.69 0.29 0.013 2.90 0.37 0.26 0.02\ 

Ontario (South) 1988 Fresh eggs ,4.6 82 Mean - 0.019 6.03 0,020 0.20 0.29 0.012 2.21 0.23 0.0025 0.\3 
NdetlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

min 0.0025 2.00 0.008 0.066 0.029 0.003 0.67 0.029 0.0025 0.073 
max 0.14 25.3 0.074 0.59 1.07 0.026 9.23 1.66 0.0025 0.24 

Ontario (South) 1989 Fresh eggs 5.6 81 Mean - 0.022 4.14 0,020 0.16 0.068 0.005 0.78 0.096 0.003 0.15 
Ndei/N ' SIS SIS SIS SIS SIS SIS SIS SIS SIS 515 

min 0.008 0.75 0.007 0.046 0.026 0.002 0.28 0.037 0.0004 0.045 
. max 0.33 50.5 0.396 0.46 0.27 0.014 2.25 0.40 0.032 1.46 

- indicales thal chemical was nol included in analysis; ND indicalell chemical wu included in analysés bul nol delecled;· PCRs are presenled on the basis of Aroc10r 1260, otherwisc PCRs are bascd on a 1:1 miXlure of Aloclors 
1254:1260; b methyl mercury 
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- - - - - - - - - - - - - - - - - - -
... 

Location Year sue 'if, 'if,. Mercury DDD DDE DDT Die! HE .HCD PC~ ..... B-IICU Mire~ 

Fat Water 

Species: COOPER'S IIAWK (Acc/piter cooperb) 

BC 1967 Brain 6.3 8\ - . 0.034 0.58 0.023 0.0\3 ND - . . 

BC 1984 Livers 3.2 . Mean 0.50 0.115 12.3 0.016 0.63 0.33 0.012 4.78 0.48 0.008 0.024 

#deliN 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.18 0.090 5.88 0.010 0.19 0.26 0.007 2.40 0.33 0.005 0.01 

max 1.87 0.13 37.8 0.020 1.19 0.49 0.Q28 6.93 0.72 0.010 0.07 

. Whilc:fish Point, 1986· Blood . - Mean - ND 0.200 ND 0.020 0.047 0.0032 0.119 0.034 ND 0.0417 
Michigan 88 #deliN 5/5. 5/5 5/5 3/5 5/5 . 5/5 5/5 
(Spring migration) min 0.064 0.002 0.008 0.0005 0.022 0.004 0.005 

max 0.272 0.033 0.063 0.001 0.180 0.099 0.050 

- indicates that chemical was not included in analysis; ND indicates chemicàl wu included in analysis but not detected;' l'CBs are presented on the buis of Amelor 1260, oiherwise l'CBsare based ~n a 1:1 mixture of Aroclùrs 
1254:1260; b methyl mercury . ,;,~; 

175 



Location Year Tissue % % Mercury DDD DDE DDT Diel liE IICB l'CBs O"y B-IICII Mire" 
Fat Water 

Species: SIIAR.P-SIIINNED IIAWK (Ace/pUer striatus) 

Saskatchewan 1968 Addled egg 6.J 82 0.12 0.10 7.0 0.089 0.12 0.057 - - - - -

NB 1983 Infertile eggs 6.5 78 Mean - 0.090 7.03 0.075 0.5J 0.J4 0.041 4.24 0.76 0.OJ6 0.31 
#dctlN J/3 J/3 J/3 J/3 3/J J/J 3/3 J/J J/J J/3 

min 0.080 5.42 0.060 0.J9 O.JO 0.025 J.52 0.67 O.OJO 0.2J 
max 0.100 9.12 0.100 0.75 0.41 0.062 4.87 0.85 0.050 0.40 

Onlario (South) 1986 Fresh eggs 5.J 82 Mean - 0.OJ3 10.1 0.048 0.44 0.29 0.051 2.27 0.47 0.0067 0.16 
#detlN 3/J 3/J J/J J/3 J/J J/J J/3 3/J J/3 3/3 

min 0.014 4.10 0.022 0.088 0.077 0.041 1.99 0.i6 0.005 0.13 
max 0.055 18.6 0.076 . 1.19 0.65 0.067 2.68 0.88 0.010 0.18 

Ontario (South) 1987 Fresh eggs 7.0 81 Mean - 0.029 9.JO 0.OJ5 O.JO 0.24 0.021 2.60 0.J9 0.014 0.0:t1 
#detlN 3/3 J/3 J/J J/3 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.007 3.52 0.011 0.11 0.084 0.019 1.62 0.19 0.003 0.015 
max 0.060 16.4 0.077 0.68 0.82 0.026 3.69 0.61 0.OJ3 0.028 

Ontario (South) 1988 Fresb eggs 5.4 82 Mean - 0.0075 5.95 0.010 0.15 0.10 0.010 1.66 0.045 0.0025 0.31 
#detlN 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.0025 3.72 0.0078 0.12 0.091 0.0095 1.51 0.02 0.0025 0.19 
max 0.017 10.2 0.014 0.19 0.11 0.011 1.77 0.094 0.0025 0.39 

Ontario (South) 1989 Fresh eggs 6.0 81 Mean - 0.029 4.88 0.051 0.17 0.12 0.015 0.96 0.11 0.003 013 
#detlN 3/3 J/3 3/3 J/3 3/3 3/3 3/3 3/3 3/3 . 3/3 

min 0.019 2.19 0.027 0.07 0.074 0.014 0.82 0.10 0.003 0.10 
max 0.037 7.5. 0.080 0.29 0.27 0.015 1.11 0.12 0.004 0.17 

BC 1969 Brain 6.5 78 - 0.043 0.35 0.034 0.043 ND - - -
BC 1982- Uver 3.6 - Mean 2.13 0.16 5.03 0.020 O.IJ 0.095 0.044 3.51 0.18 0.018 0.040 

85 #detlN 2/2 m m m 717 m 717 717 m 617 717 
min 1.7 0.010 0.090 0.005 0.040 0.030 0.007 0.24 0.020 0.0005 0.01 
max 2.7 2.71 159 0.070 0.55 0.48 0.16 20.8 2.62 0.070 0.15 

indicatea tha! chemical was not included in ana1ysis; ND indicatea chemicafwas iocluded in analysis'but no! detected;' l'CBa are presented on the baais of Aroclor 1260, otherwise l'CBs are based on a 1:1 mixture of Aroclora 
1254:1260; b methyl mercury 
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- - - - - - - - - .. - - - - .. - -
LocatioD Vear Tissue % % Mercury DDD DDE DDT Die! liE IICD PeDs Oxy D-IICU Mirex 

, "'al ' Waler 

Species: SIIARP-SlIINNED IIAWK (AcclpiJer stria/us) 

Whih:fish POÎnt, 1986 Blood - - Mean - - 0.204 - 0.0105 0.0114 0.0010 0.0885 0.0097 0.0011 0.0151 
Michigan #delfN 33/33 33/33 33/33 19/33 33133 33/33 9133 33/33 
(Spring migration) min 0.056 0.002 0.004 0.0005 0,028 0.002 0.0005 0,003 

max 4.37 0.043 ' 0.187 0.005 0.307 0.049 0.092 0.115 

1987, Blood - - Mean - - 0.197 - 0.0225 0.0180 0.0014 0.0738 0.012 0.0013 0.0226 
#delfN 21121 21/21 21/21 16121 21121 21/21 10121 21/21 

min 0.096 0.005 0.002 0.0005 0.029 0.003 0.0005 0.001 
max 0.553 0.132 0.133 0.004 0.249 0.050 0.0080 0.305 

1988 Blood - - Mean - - 0.258 - 0.0234 0.0244 0.0012 0.114 0.0164 0.0025 0.0252 
#délfN 28/28 28/28 28/28 24/28 28/28 28/28 15128 28/28 

min 0.070 0.0035 ' 0.0041 0.001 0.039 0.0036 0.0006 0.0051 
max 1.133 0.251 0.486 0.0035 0.824 0.0682 0.0172 0.249 

Hawk Cliff, Ontario 1985 Blood - - Mean - 0.0584 - 0.0044 0.0026 0.0007 0.0366 0.0034 ND . 0.0005 
(FaU migration) #delfN 4/4 4/4 4/4 2/4 4/4 4/4 4/4 

min 0.014 0.002 0.0015 0.0005 . 0.011 0.0013 0.0001 
max 0.361 0.0059 0;0049 ,0.0013 0.104 ' 0.0064 0.0016 

1986 Blood ' - - Mean . - 0.148 - 0.0115 0.0029 ND 0.031' 0.0039 ND' 0,0039 
#delfN 3/3 3/3 3/3 3/3 3/3 3/3 

min 0'()~6 0.007 0.002 0.023 0.003 0.002 
max 0.447 0.024 0.004 0.046 0.005 0.006 

1987 Blood - - Mean - - 0.120 - 0.0071 0.00~9 0.0006 0.0816 0.0061 0.0005 0.0125 
. #delfN 25/25 25/25 25/25 23/25 25125 25/25 1/25 24/24 

min 0.012 0.0028 0.0009 '0.0001 0.014 0.0011 0.001 0.0005 
max 1.681 0.0383 0.0153 0.0022 0.440 0.0248. 0.3089' 

1988 ' Blood - - Mean - - 0.0228 - 0.0101 0.0029 0.0004 0.0344 0.0008 ND 0.0026 
#detlN 10110 10110, 10/10 9/10 9/10 10/10 9/10 

min 0.0017 0.0032 0.0005 0.0001 0.003 0.0015 0,0001 
max 0.183 0.0089 0.0094 0.0004 0.0973 0.0053 0.0089 

, . l ,i 
• indicates that chemicalwas not included in analysis; ND indiéates chemical was included in analysis but nol detected;' PeBs are presented on the basis of Aroclor 1260, otherwise PeBs are based on al: 1 mixture of Al'Oclon 
1254:1260; h methyl mercury , 
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Locaûon Year ue 'Ji, '16 DDT Diel HE HCR PCRs '" B-IICn Min:K 
Fat Water 

Species: RED-TAILED liA WK (Bu/co jaftUl/ullSls) 

Manitoba 1967 Addlcd egg 11.0 73 - 0.094 2.10 0.10 3.2\ 0.24 - - - . 

Saskatchewan 1968 Fresh eggs 9.0 77 Mean 0.046 0.11 1.23 0.062 0.24 0.0035 - - - - . 
#dellN 414 4/4 4/4 4/4 4/4 4/4 

min 0.023 0.038 0.75 0.02\ 0.20 0.0005 
max 0.080 1.04 2.35 0.57 0.32 0.\8 

Saskatchewan \969 Addled eggs 6.\ 80 Mean - 0.033 1.09 0.0045 0.77 0.2\ · 0.18' - ND 
idellN 515 515 ' SIS SIS 515 5/5 

min 0.008 0.44 0.003 0.\5 0.073 0.026 
max 0.81 10.8 0.0\0 5.94 0.96 0.82 

Saskatchewan 1967 Fresh eggs 5.\ 81 Mean '. 0.042 ,0.95 0.033 0.25 0.040 - - · -
#dellN 22/22 ,22/22 22/22 22/22 22/22 

min 0.0005 0.29 0.0005 0.033 0.004 
max 1.37 7.92 0.84 0.60 0.26 

Alberta \968 Fresh eggs 9.2 74 Mean 0.093 0.082 1.65 0.076 0.56 0.055 - - - -
#dellN 515 515 5/5 5/5 5/5 5/5 

min 0.035 0.044 0.48 0.036 0.23 0.0005 
max 0.36 0.\8 16.4 0.18 \.65 0.84 

Alberta 1968 Addled "'gll 4.3 82 0.9\ 0.30 10.9 0.047 0.42 0.17 · - - -
Alberta 1968 Egg condition 9.6 75 Mean 0.\3 0.12 1.55 0.069 0.48 0.073 · - - - . 

not recorded #dellN 4/4 8/8 8/8 8/8 8/8 7/8 
min 0.026 0.030 0.46 0.023 0.089 0.0005 
max 1.62 0.85 16.8 0.59 \.08 2.55 

BC 1969 Egg condition 3.7 84 - 0.62 4.72 0.41 0.26 0.11 · 0.37' · ND - , 

not recorded 

Ontario 1970 Nonviable cggs 6.3 80 Mean 0.089 0.023 0.4870 0.0130 0.1700 0.018 0.038 0.85' · ND -
, #dctlN 212 2/2 2/2 2/2 

min 0.080 o.olS 0.035 0.80 
max 0.100 0.021 0.042 0.89 

- indicales that chemical was nol included in analysis; ND indicates chcmical was includcd in analysis bul nol delccled;' PCBs are prescnted on the buia of Amelor 1260, othecwisc PCBa are based on a 1:1 mixture of Arüclors 
1254: 1260; ~ methyl mercury , 
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- - - - - - - - .. - la - - - - - - -
Locatioll Vear Tissue U Mercury 000 ODE DDT Die! liE HCD 1 .Oxy % l'LUS 

Woter 

Species: RED-TAI LED liA WK (BuJeo Jamaicensis) 

Sou\hem Saskatchewan 1967 Breasl musc le 3.1 74 Mean · 0.004 0.26 0.013 0.18 0.084 . · · - -
(fwo adults) #detlN 212 2/2 2/2 212 212 

min 0.0005 0.16 0.006 0.14 0.015 
max 0.029 0.44 0.028 0.23 0.47 

Brain 7.8 77 Mean · 0.017 0.068 0.017 0.075 0.016 - · · -
#detlN 212 212 2/2 212 212 

min 0.013 0.054 0.015 0.067 0.008 
max 0.022 0.086 0.020 0.084 0.032 

Subcul. fat 90.3 10 Mean - O.IS 1.76 0.21 0.51 0.37 · -
HdetlN 2/2 2/2 2/2 212 212 

min l 0.018 0.19 0.091 0.023 0.038 
max 1.19 15.9 0.48 11.5 3.53 

Ovaries 2.9 83 Mean · 0.019 O.IS 0.008 0.10 0.025 - - · - -
HdetlN 2/2 212 212 2/2 2/2 

min 0.009 0.090 0.004 0.074 0.012 
max 0.040 0.23 O.oJ8 0.14 0.052 

Cenlral Alberta (Adult) 1968 Brain 7.1 79 - 0.014 0.47 0.008 O.IS 0.057 . - - -

Uver - 68 0.48 - - - - . - - - -
British Columbia March Breasl muscle 3.8 66 \.17 2.81 1.82 0.032 ND - · · -
(Adult). 1968 

Brain 6.1 77 - 0.053 OAO 0.12 1 0.013 ND - - - - -

British Columbia 1969 Brain 3.2 88 - 0.003 0.075 ND 0.037 0.006 - ·0.024" · ND 
(Nestling) 

Hawk Cliff, Ontario 1986 Blood . - - Mean 0.005 ND 0.009 ND 0.003 0.001 ND ND 0.0010 ND O.()(JIO 
(Fall Il)igration) #detlN 3/3 3/3 1/3 213 2/3 1/3 

min 0.0005 0.002 0.0005 0.001 0.0005 0.0005 
max 0.009 0.031 0.005 0.001 0.002 O.()O4 

- indicales \hal chemical was nol included in analysis; ND indicales chemieal wu included in analysis'bul nOI detected;' l'CBs are presenled on \he buis of Aroclor 1260, o\herwise l'CBs are based on al: 1 mixture of Ar?,l~rs 
1254:1260;'· me\hyl mercucy' _~ . . 
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Loclltion Yellr Tissue % % Men:ury DOD DDE DDT Die! liE HCD PCDs Oxy D-IICII Mirex 

Fllt Wllter 

Species: RED-SIlOULOEREll IIAWK (Buleo linealus) 

Onlario (South) 197J Fresh eggs J.9 81 Mean - 0.J8 2.427 0.50 0.182 0.046 0.015 1.885 - ND -
#delfN J/J J/J J/J J/J J/J J/J J/J 

min 0.24 1.40 0.2J 0.008 O.OJO 0.009 1.05 
max 0.5J J.78 1.10 0.42 0.080 0.019 J.II 

- indic ales thal chemical was nOI included in analysis; ND indicales chemical was included in analysis bUI nOi delecled;' l'CBs are presenled on the basis of Aroclor 1260, otherwise l'CBs are based on al: 1 mixlur~ of An:>clors 
'1254:1260; b methyl mercury 
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- - - - - - - .--.- - .. - - - - - -
Location 1 Yeur Tissue % % Mercury DDD DDE DDT Diel liE IICB PCBs Oxy B-IICII !'.tin:x 

Fat Waler 

Spt.'(!ies: SW AINSON'S liA WK (8uleo swainsoni) 

Saskolch.:won 1968 Fresh egg 6.7 80 0.28 0.039 0.64 0.058 1.25 0.27 - - -

Saskatchewàn 1968 Addled egg 5.3 70 - 0.044 1.16 0.011 0.62 0.066 - -

Saskatchewan 1969 Addled egg 6.0 80 - 0.007 0.86 0.002 0.12 0.063 i 0.029- - ND 

Alberta 1968 Fresh eggs 5.6 78 Mean 0.11 0.058 1.02 0.058 0.44 0.16 - - -
#detiN 717 7n 7n 717 717 717 

min 0.03 0.019 0.37 0.021 0.20 0.028 
max 0042 1.40 5.92 2.11 1.01 4.08 

Albcrta 1969 Addled egg 5.7 83 - 0.009 0.004 0.021 0.36 - - ND 

Alberta 1967 Egg condilÎon 5.1 83 Mean - 0.010 0045 0.005 0.38 0.33 - - - -
not record.:d #dellN 516 6/6 4/6 6/6 6/6 

min 0.005 0.18 0.0005 0.14 0.023 
max 0.096 1.52 0.082 0.85 1.34 

Alberta 1913 Fresh egg 5.7· 83 0.16 0.056 0.66 0.038 0.080 0.030 0.019 1 .0.09' - -

Saskatchewan 1984- Addled eggs 5.3 79 Mean - 0.012 0.40 0.008 0.050 0.12 0.021 0.15 0.025 0.0027 0.0051 
85 (8 pools) #dellN 8/S SIS SIS SIS' 8/8 SIS S/8 SIS 8/8 8/8 

min 0.004 0.OS3 0.003 0.014 0.029 0·004 0.022 0.010 0.0010 0.001 
max 0.043 1.02 0.050 0.20 0.29 0.13 0,48 0.036 0.0070 0.01l 

Saskatchewan 1968 Adull brain 7.7 SO Mean - 0.011 0.085 0.003 0.19 0.033 - - -
#dellN 4/4 4/4 4/4 4/4 3/4 

min 0.004 0.031 0.002 0.059 0.0005 
max 0.030 0.17 0.006 0.89 0.52 

Saskatchewan 1968 Aduilliver - 70 Mean 0.36 - - - - - - - - . 
#detiN 717 

min 0.22 
max 0.50 

Alberta (Adull) 1968 Liver - 70 Mean 0.64 - - - - - - -
#dellN 6/6 

min 0.23 
max 1.48 

Albcrta (Aduh) 1968 Brain 6.5 S2 Mean - . 0.003 0.05S 0.004 0.049 0.019 - - - - -

#dellN 4/4 4/4 4/4 4/4 3/4 
min 0.002 0.02S 0.002 0.031 0.0005 
max 0.004 0:13 0.007 0.14 0.24 

- indicales thal chemical was nOl included in analysis; ND indicales chemical was included in analysis bUI not dètecled;' PCBa are presented on the basis of Amelor 1260, otherwisc PCBa are based on al: 1 mixture of Aroelou 
1254;1260;' methyl mercury 
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LocatioD Vear Tissue 'Jf. 'Jf. Mercury DDD DDE DDT Die! IlE IICD PCBs Oxy D-IICn Mirilx 
Fat Water 

Species: SW AINSON 'S liA WK (Buleo swainsonl) 

Alb~rta (adull) 1971 Whol~ body 9.5 61 . 0.040 0.87 0.080 0.34 0.15 ND ND - ND NO 

1iv~r 0.14 . - . - . - - - - -

Alb~rta (2 N~stlings) 1971 Whol~ body 3.0 83.9 M~an . 0.010 0.290 ND 0.040 0.028 ND 0.0157' - ND ND 
#dellN 112 212 2/2 212 112 

min 0.0005 .0.060 0.020 0.020 O.OOOS 
max 0.200 IAOO 0.080 0.040 0.490 

Liver . - Mean 0.0173 - - - - . . - - - -
#deilN 212 

min 0.010 
max 0.030 

- indicales thal chemical 11188 not included in analysis; ND indicates chemical Illas included in analysis bul nol detected;' PeRs are presenled on the buis of Aroclor 1260, otherwise PeRs are based on al: 1 mixture of Arnclors 
1254:1260;· ntethyl mercury . 
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- - - - - - - .. - - .. - .. - - - - - -
'Location Year Tissue ".i ".i Mercury DDD DDE DDT Die! 

HE ==t-- Oxy B-IICII Min,,, 

Fat Water 

Spedes: FERRUGINOUS IIAWK (Buleo regaIis) 

Saskatch~wan 1968 Fresh eggs 9.9 76 Mean 0.033 0.031 0.92 0.036 0.19 0.50 · . . - . 

#detlN 3/3 3/3 3/3 3/3 3/3 3/3 
min 0.023 0.019 0.53 0.020 0.083 0.40 
max 0.061 0.050 2.06 0.065 0.42 0.58 

, Saskatchewan 1969 Addled eggs 6.1 80 Mean 0.024 0.0048 0.92 0.0071' 0.075 0.15 · 0.090' . ND -
#detlN III 3/5 SIS 4/S 5/5 SIS 3/3 

min 0.0005 0.18 0.0005 0.021 0.049 0.019 
max 0.093 3.37 0.079 0.46 0.30 0.544 

Saskatchewan 1970 Egg condition 6.2 80 Mean - 0.029 , 0.41 0.0059 0.53 0.21 ND ND - ND ND 
not recorded #detlN 2n 2n 1/2 2/2 2/2 

min 0.017 0.27 0.0005 0.15 0.21 , 
0.051 0.61 0.069 1.84 0.22 max 

Alberta 1968 Fresh eggs 7.9 75 Mean 0.084 0.067 1.01 0.067 0.14 0.64 · - - -

#detlN 3/3 SIS SIS 5/5 515 5/5 
min 0.034 0.009 0.22 0.016 0.027 0.10 
max 0.25 0.62 13.1 0.99 0.70 2.33 

Alberta 1969 Addled eggs 5.5 80 Meàn . 0.025 0.025 0.44 0.012 0.18 0.24 - - - ND -
#del/N 4/4 8/8 8/8 8/8 8/8 8/8 

min 0:011 0.008 0.25 0.003 0.030 0.062 
max 0.046 0.11 1.03 0.038 4.34 0.67 

AI6erta 1971 Fresh eggl 3.2 84 Mean 0.047 0.0012 0.23 0.011 .0.023 0.052 0.0007 0.00!2' - ND ND 
#detlN 9/9 7/9 9/9 7/9 8/9 9/9 1/9 1/9 

min omo 0.0005 0.030 0.0005 0.0005 0.020 0.0005 0.0005 
max 0.200 0.050 1.27 0.040 0.44 0.69 0.010 1.15 

Alberta 1971 Addled eggs 4.0 82 Mean 0.029 0.030 0.10 0.015 0.056 0.088 ND ND " ND ND 
#detlN J71J8 18/18 18/18 16/18 18/18 18/18 

min 0.010 0.010 0.040 0.0005 0.020 0.030 
max 0.15 0.14 0.26 0.11 0.21 0.55 

Alberta 1984- . Addled eggs 4.6 81 Mean - 0.004 0.089 0.012 0.049 0.11 0.006 0.19 0.021 0.003 
85 (2 pools) #detlN 212 2/2 2/2 212 2/2 212 . 212 212 2/2 

min 0.001 0.053 0.003 0.047 0.085 ' 0.003 0.17 0.019 0.002 
max 0.014 0.15 0.049 0.050 0.14 0.011 0.21 0.024 0.004 

Saskalchewan (Neslling) 1969 Brain 3.8 87 - ND 0.12 0.001 - 0.074" - ! ND -

Liver 77 0;18 - - - 1 - - - -

- indic ales thal chemical was nol included in analysis; ND indicales chemical wa8 included in analysis bul nol detected;' l'CBs are presenled on the basis of Aroclor 1260, otherwise l'CBs are based on al: 1 mixlure of Aroclors 
t 254: 1260; b methyl Înercury 
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Location Year l'issue % % Mercury 000 ODE DDT Diel liE HeD PC& lIeH Mirex 
Fat Water 

Species: FERRUGINOUS IIAWK (Bu/lo Tegalis) 

Southern Alberta 1971 Uver Mean 0.020 - - - . - - - - - -
(Nestling) #d.:tlN 8/8 

min 0.005 
max ~.16 

Whol.: body 3.8 7J Mean - 0.0011 0.049 0.0014 0.0029 0.025 ND ND' - ND ND 
#detlN 2/9 9/9 2/9 5/9 8/9 

min 0.0005 0.020 0.0005 0.0005 0.0005 
max 0.020 0.11 0.070 0.040 1.84 

South.:rn Alberta 1971 Whole body 10.0 9.2 - ND 0.09 ND . 0.03 .07 ND ND' - ND NO 
(Adull) 

- indicales Ibal chemical was nOI includ.:d in all8lysis; ND indicales chemical wu inc1uded in all8lysis bUI no{ delecled;' PCBs are presented on the basis of Aroclor 1260. otherwise PCBs are based on a 1:1 mixture of Aruc\ors 
.1254:1260; \ methyl mercury 
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- - - - - - - .. - .. - - - - - - - - -
Locaûon Year Tissue 'lé 'lé Mercury DDD DDE DDT Diet HE IICR PeBs Oxy D-IICn Miru 

Fat Water 

Species: ROUGII-LEGGED liA WK (Buleo IiJgopus) « 

Quebec (Ungava) 1967 Fresil eggs 4.5 81 Mean< - 0.056 0.36 0.044 0.008 ND · - - . 
#detiN 9/9 9/9 8/9 9/9 

min 0.011 0.10 0.0005 0.007 
max 0.21 1.16 0.220 0.250 

• NWf (Keewatin) 1968 Addléd cgg 10.0 74 Mean 0.045 0.049 0.27 l-0.050 < 0.30 0.074 · - - - -

NWf (Keéwatin) 1972 Addled cggs 7.8 82 Mean 0.27 0.014 2.08 0.010 0.080 0.040 < 0.010 3.36' - -
#detiN 2/2 212 2/2 212 2/2 212 2/2 212 

min 0.22 0.010 1.84 0.010 0.080 0.040 0.010 3.36 
max 0.32 0.020 2.35 0.010 0.080 0.040 0.010 3.37 

NWf (Mackenzie) 1966 Fresh eggs 4.6 83 Mean - 0.006 0.29 0.008 0.086 . - · - - -
#detiN 2/2 2/2 2/2 212 

min 0.001 0.22 0.001 0.060 
max 0.032 0.36 0.061 0.12 

NWf (Mackénzie) 1980- < Fresil eggs 7.3 80 Mean 0.070 0.0032 052 0.0022 0.022 0.12 o.oSS 0.93 0.030 0.002 0<035 
81 #detiN III 1/2 2/2 112 212 212 2/2 212 2/2 1/2 212 

min 0.0005 0.48 0.0005 0.010 0.001 0.010 0.27 0.010 0.0005 0.02 
max 0.Q20 0.56 0.010 0.050< 1.43 0.300 3.23 0.090 0.010 0.06 

NWf (Mackenzie) 1980- Addled eggs 8.2 76.8 Mean 0.040 0.0014 0.26 0.0014 0.039 0.29 0.037 l.S7 0.046 0.0013 0.11 
81 #detiN III 1/4 4/4 1/4 4/4 4/4 4/4 4/4 4/4 1/4 4/4 

min 0.0005 0.03 0.0005 0.010 0.005 0.010 053 0.010 0.0005 0.03 
max 0.030 1.19 0.030 0.140 2.69 0.610 5.08 0.190 0.0020 0.32 

Yukon Terrilory 1973 Fresh eggs 5.7 80 - ND 0.46 ND 0.050< 0,030 0.019 0.3? · -
Northem Quebec 1967 Subcul. fat 77 Mean . 0.34 5.89 0.51 2.71 ND · · - -
(Biopsies from #detiN 4/4 4/4 4/4 4/4 
breeding adults) min 0.098 2.93 0.27 0.73 

max 1.08 1<4.2 l.S0 12.6 

.~'~~IR71 . ND 0.027 ND ND ND - · · -

NWf (Franklin) 1974 LÎver < 1 .0 66 0.030 0.0005 0.13 0.0005 0.020 0.010 0.020 1.13 · -

- indicates !hal chemical was not included in analysis; ND indicales chemical wu included in analysis but no! detected;' PCBs are presenled on the basis of Amelor 1260, o!herwise PCBs are based on al: 1 mixture of Aroclors 
1254:1260; \ me!hyl mercury < 
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LocatioD Year Tissue % % Mercury DDD DDE DDT Diel liE IICD . .." 0-IICII Mir~ 
Fat Water 

Species: ROUGII-LEGGED,IIAWK (BuJeo lagopus) 

Yukon (Nesllings) 1973 Liver 2.5 74 Mean - 0.0050 0.014 0.0016 0.001 0.0016 0.001 0.21 - 0.0005 . 
#dellN 2n 2n 2/2 2/2 2n 2n 2n 2/2 

min 0.0050 0.050 0.0005 0.005 0.0005 0.005 0.15 0.0005 
max 0.0050 0.110 0.0050 0.010 0.0050 0.010 0.30 0.0005 

Brain 4.4 85 Mean - 0.0005 0.21 0.0005 0.014 0.0005 0.010 0.61 - 0.0005 . 
#dellN 2n. 2/2 2/2 2n. 2/2 2n. 2n. 2n 

min 0.0005 0.12 0.0005 0,010 0.0005 0.005 0.41 0.0005 
max 0.0005 0.36 0.0005 0.020 0.0005 0.020 0.91 0.0005 

Fat 5.3 39 Mean - 0.0016 0.99 0.0016 0.41 0.014 0.13 1.23 - 0.0016 -
#dellN 2n 2n 2/2 2/2 2n 2n. 2/2 2n. 

min 0.0005 0.69 0.0005 0.40 0.10 0.11 1.08 0.0005 
max 0.005 1.43 0.005 0.41 0.20 0.16 1.31 0.005 

- indicates thatchemical was no! included in analysÎs; ND indicatcs chemical was included in analysis bul not detcctcd;· l'CDs arc prcsentcd on the basis of Aroclor 1260, otherwise l'CDs arc based on a 1:1 mixture of Arnelora 
1254:1260; b methyl mercury 
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- - - - - - - - - - - - - - - - - -
, 

LocatioD Year Tissue % % Mercury DDD DDE DDT .. Diel HE HCB. l'CBs . Oxy B-IICn Mi n,x 
FIII Waler 

Species: BROAD-WINGED IIAWK (Buleo plaJyplerus) 

Whitdish Point, 1986 Slood - - Mean - ND 0.011 ND 0.009 0.0045 0.0007 0.14 0.014 ND 0.068 

Michigan #detlN 2/i 2/2 2/2 1/2 2/2 2/2 212 
(Spnng migration) min 0.008 0.006 0.004 0.0005 0.10 0.011 0.052 

max 0.014 0.013 0.005 0.001 0.20 0.017 0.084 

- indicates that chemical was nOI included in analysis; ND indicates chemical was included in analysis but not detected;' l'CSs are presented on the basis of Aroclor 1260, otherwise l'CSs are based on al: 1 mixture of Aroclora 
1254:1260;'b methyl mercury' \ 
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Location Year Tissue % % Mercury DDD ODE DDT Diel liE IICD . PCDs OlC)' DolIcn Mirex 
Fat Water 

Species: HALO EAG LE (Ha/ÙJeetus leucocepha/us) 

Labrador 1971 Fr.:sh egg 6.8 78 0.24 0.44 23.1 0.050 0.53 ND 0.020 11.4' 0 0 · 

Cape Breton 1982 Addled eggs 0 0 Mean 0 - 2.23 0 . 0 0.024 8.11 0 0 0.042 
#detlN 212 212 212 212 

min 1.03 0.019 4.22 0.025 
max 4.84 0.032 15.6 0.012 

Soulh Ontario 1911 Addled eggs 8.1 15 Mean 0.54 1.S9 41.3 0.035 1.26 0.094 0.13 Ill' · ND ND 
#detlN 2/2 212 212 212 212 212 212 212 

min 0.52 0.88 22.5 0.020 0.68 0.040 0.10 83.2 
max 0.51 2.89 99.3 0.060 2.34 0.22 0.16 202 

Soulh Onlario 1974 . Addled eggs 1.6 15 Mean 0,24 1.49 3U 0.022 0.8S 0.052 0.293 18.8 0.108 . 
#detlN 2/2 212 212 211 2/2 2/2 2/2 2/2 2/2 

min 0.18 1.16 32.0 0,005 0.56 0.030 0.266 11.3 0.036 
max 0.31 1.90 35.8 0.1 1.29 0.090 0.323 20.4 0.324 

North Ontario 1968 Addled egg 15.3 . 11 . I.SO 35.1 0.16 1.69 0.26 · . · 0 · 

North Ontario (Lake 1969 Addled eggs 9.1 15 Mean 0.43 1.95 41.4 0.16 2.S5 0.23 · 21.0"- · ND · 
Nipigon) #detlN 3/3 3/l 31l 3/l 3/3 31l 31l 

min 0.40 1.82 24.2 0.060 2.35 0.16 10.1 
max O.SI 2.19 68.9 0.48 2.81 0.30 30.6 

North Onlario 1970 Fresh eggs 4.2 83 Mean 0.26 0.21 19.4 0.16 0.92 0.20 · Il,S· · ND ND 
#detlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

min 0.19 0.22 11.8 0.10 0.S9 0.14 9.4 
max 0.32 0.41 21.8 0.21 I.IS 0.24 19.6 

North Onta rio 1910 Addled eggs SA 82 Mean 0.34 0.62 41.8 0.62 1.13 0.28 · 20.7' - ND ND 
#detlN 6/6 6/6 6/6 6/6 6/6 6/6 6/6 

min 0.27 0.34 21.2 0.34 0.66 0.14 9.3S 
max 0.48 0.88 81.8 1.03 2.S1 0.69 S3.0 

North Ontario 1971 Addled eggs S.1 78 Mean 0.66 2.39 23.0 0.060 1.32 ND 0.025 80.6' · ND ND 
#detlN 2/2 212 2/2 2/2 2/2 2/2 2/2 

min 0.60 2.26 21.3 0.060 1.26 0.010 38.9 
max 0.73 2.53 24.9 0.060 1.38 0.060 167 

North Onlario 1912 1 Dried egg 21.8 14 1.02 1.61 75.2 ND 7.1 0.86 ND 15.2· · ND ND 

Saskalchewan 1968 Addled eggs 7.8 77 Mean - 0.28 1.96 0.12 0.18 0.007 · 0 0 . · 
#detlN 31l 3/3 3/3 3/3 2Il 

min 0.15 1.37 0.056 0.069 0.0005 
max 0.42 3.75 0.24 0.28 0.038 

• indicales Ihal chemical was nol included in analysis; ND indicales chemical was included in analysis bUI not delecledj' PCBs are presenled on Ihe basÎs of Aroclor 1260, oIherwisc PcBs are based on a 1:1 mixture of Aroclors 
1254:1260j b mèlhyl mercury 
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- - - - - - - -- - .. .. - .. - - - - - -
Location Year Tissue 'lé ~ _ Mercury 000 ODE DDT Diel HE HCR PeRs O"y R-IICn Mire" 

Fat 

Sjl«ies: RALD EAGLE (lIa1iaeetus leucocephalus) 

Saskatchewan 1 1969 Fr.:sh .:gg 4.7 73 0.20 0.60 28.5 0.022 0.51 0.12 - 8.47" - 0.066 -

Saskatch.:wan 1970 Fœsh .:ggs 6.1 81 Mean 0.066 0.10 3.50 O.OOOS 0.26 O.OOOS 0.011 2.0S· - ND ND 
#detlN 3/3 3/3 3/3 Jl3 3/3 1/3 3/3 3/3 

min 0.060 0.076 2.06 0.092 0.004 1.0S 
max 0.070 O.iS 6.37 O.OOOS 1.06 O.OOOS 0.030 3.90 

Saskatchewan 1970 Addl.:d .:ggs 6.2 81 Mean 0.13 0.092 4.67 0.OOi2 0.19 0.001 0.011 3.00- - ND ND 
#detlN 6/6 6/6 6/6 116 6/6 1/6 6/6 6/6 

min 0.04 0.048 2.10 O.OOOS 0.033 O.OOOS 0.004 1.09 
max 2.62 0.22 15:5 0.12 1.00 0.037 0.025 5.71 

Grand Manan Island, _ 1970 Brain 6.4 80 - 0.42 0.098 0.18 0.062 O.OOS 10.4 - ND ND 
NB (F~male subadult) 

Northem Ontario (fwo 1970 Breaat muscle - - Mean 14.4 - - - - - . - -
adults) #d.:tlN 212 

min 6.88 
max 30.2 

Uv.:r - - Mean 30.6 - - . - - - - - -
#detlN 2/2 

min 22.1 
max 42.3 

Manitoba (Nestling) 1969 Brain 3.7 90 - 0.022 0.S3 ND O.04S 0.009 - 0.18 - ND -

Breast Muscle 1.6 78 - 0.0,10 0.3S ND 0.024 0.007 - 0.2S . ND -

liver 2.0 76 - O.09S 2.12 0.013 0.11 0.017 - lAS - ND -

Langara Island, BC 1969 Brain 1.6 80.2 Mean - 0.20 3.99 0.11 0.S3 ND - - - -
(fwo adults) #d.:tlN 2/2 2/2 212 212 

min 0.10 2,S6 0.OS9 0.028 
max 0.39 6.22 0.22 0.10 

-,r 

- indicates that che mie al wu not iocludéd in analysia; ND indicates chemicàl was included in analyais but not detectedj· l'CRs are presented on the basis of Aroclor 1260, otherwise l'CBs are based on a 1:1 mixture of Aroclors 
1254:1260; b methyl mercury 't}';~, -
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Location Year Tissue li 'i Mercury DDD ODE DDT Diel liE lieD PeBs Mirex 
Fat Waler . 

Species: GOLDEN EA(;LE (Aquila chrysaetQs) 

1 1 
Saskatchewan 1969 Fresh egg 2.7 1 KI.'I 1 0.032 0.004 0.39 ND 0.17 0.18 - - - ND 

Saskatchewan 1972 Fresh egg 4.8 ND ND 0.29 ND 0.13 0.070 ND 0.12' - - . 

Saskatchewan 1972- Addled eggs 6.4 82 Mean 0.0074 ND 0.66 ND 0.088 0.054 0.0056 0.30' - -
73 #detlN 2/3 3/3 3/3 3/3 2/3 3/3 

min 0.0005 0.42 0.060 0.020 0.0005 0.15 
max 0.040 0.88 0.16 0.13 0.019 0.58 

·Albena 1968- Addled eggs 4.7 82 Mean 0.048 0.0067 1.19 0.017 0.18 0.21 - 0.71' - ND 
69 #detlN 4/4 3/5 SIS 5/S SIS S/5 2/2 

min 0.017 0.0005 0.47 0.005 0.056 0.052 0.42 
mal( 0.22 0.24 2.81 0.22 0056 0.86 1.23 

Albena 1974- Fresh eggs 12.8 73 Mean 0.020 0.005 0.42 0.0088 0.048 0.046 0.015 0.32 - - -
75 #detlN 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.005 0.0007 0.23 0.0019 0.020 0.0:)0 0.0095 0.11 
mu 0.16 0.028 1.38 0.019 0.18 0.11 0.038 2.61 

Albena 1973- Addled eggs 4.4 83 Mean 0.052 0.007 1.07 0.0037 0.17 0.095 0.0\5 1.66 - ND 
75 #detlN 8/8 8/8 8/8 8/8 8/8 8/8 8/8 4/4 

min 0.010 0.0005 0.53 0.0005 0.040 0.020 0.0095 0.95 
mu 0.34 0.028 2.05 0.076 2.12 0.89 0.032 3.64 

Yukon Terrilory 1973 Addled cgg 2.9 81 ND ND 0.080 ND 0.010 0.010 ND 0.33' - ND 

Northwesl Territorics. 1973 Brain 4.8 86 Mean 0.005 0.21 0.0005 0.010 0.0016 0.007 0.57 - 0.0005 -
Mackenzie District #detlN . 2/2 2/2 2/2 2/2 2/2 2/2 2/2 2/2 
(Two nestlings) min 0.005 0.18 0.010 0.0005 0.005 0052 

mal( 0.005 0.25 0.010 0.010 0.010 0.62 

Liver 1.3 75 Mean 0.1I' 0.0005 0.28 0.0005 0.007 0.0005 0.010 0054 - 0.0005 
#detlN 2/2 2/2 2/2 2/2 2/2 2/2 2/2 2/2 2/2 

min 0.080 0.2\ O.OOS 0.005 0.45 
mal( 0.15 0.38 0.010 0.020 0.64 

- indic81es !hal chernical was not included in analysis; ND indicales chemical ~as included in analysis but not dctecled;· l'CBs are presented on !he basÎs of Aroclor 1260, oIbcrwise l'CBs are based on al: 1 mixture of Aroclors 
1254: 1260;' me!hyl mercury 
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- - - - - - - - - - - _.- - - - - - -
Location Year Tissue W 'Ii> DDE DDT Di lieR PeBs -"~ . 

Water 

wn haliaelus) 

labrador 1971- Fresh eggs 3.S 84 Mean 0.097 0.70 6.17 0.093. 0.0014 ND 0.0014 8.05' - -
72 #detlN 3/3 3/3 3/3 313 113 1/3 3/3 

min 0.070 0.17 5.67 0.090 0.0005 0.0005 6.9 
max 0.13 0.44 7.15 0.100 0.010 0.010 9.8 

Ontario (Nor1h) 1971 Fresh eggs 2.5 85 Mean 0.092 0.17 1.98 0.033 0.026 ND ND 1.47' . - ND. ND 
#detlN 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.070 0.080 1.71 0.Q30 0.010 1.0 
max 0.14 0.41 2.63 0.040 0.060 2.5 

Ontano (Nor1h) 1971 Addled eggs 5.0 85 Mean 0.11 0.80 5.89 0.010 0.103 0.0013 0.004 5.57' - ND ND 
#detlN SIS SIS SIS 3/5 SIS SIS SIS SIS 

min 0.060 0.41 3.12 0.0005 0.040 O.OOOS 0.0005 1.0 
max 0.23 1.64 9.61 0.11 0.31 .0.050 0.20 74.S 

Alberta 1974 Addlcd cgg 6.8 80 0.010 1.69 9.29 1.63 0.33 0.030 0.0095 1.24 - O.OOOS 0.020 

Albena 1975 Fresh egg 3.6 78 0.040 0.21 1 2.3 0.34 0.030 0.040 0.038 0.72 - - 0.0005 

Be (EaSlem) 1969 Fresh cggs 4.0 82 Mean 0.16 4.54 0.057 0.009 0.017 - 0.34' - ND -
#dellN - 2/2 2n 2n 2n 2n 2n 

min 0.15 3.37 0.023 0.005 0.014 0.33 
max 0.17 6.11 0.14 0.017 0.020 .0.35 

Yukon Temlory 1973 Fresh eggs 9.6 65 Mean 0.70 0.31 17.9 0.093 0.039 0.063 0.027 1.34' - ND 
#dellN 2n 2n 2/2 2/2 2/2 2n 2/2 2n 

min 0.62 0.070 13.3 0.076 0.030 0.050 0.019 0.81 
max 0.79 1.37 24.0 0.11 0.050 0.080 0.Q38 2.08 

Southem Onlario April Brain 6.4 81 - 0.039 0.22 ND 0.013 ND 0.011 0.15 - - ND 
(Adull) 1969 

Liver 3.2 73 3.1 0.OS3. 0.22 ND 0.021 ND 0.012 0.33 - - ND 

lake-of-the-Woods, June Brain 2:9 84 0.25 ND 0.19 ND 0.020 ND ND 1.1' - - ND 
Ontario (4-6 week -old 1971 
nestling) Breasl Muscle 2.0 76 0.50 ND 0.46 ND 0.020 ND ND 2.6' - - ND 

Liver 2.9 76 0.68 ND 0.54 ND ND ND ND 2.0' . - ND 

- indicales thal chemical was no! included in analysis; ND indicales chemical was included in analysis bul not detecled;' PeBs are prescnled on the buis of Amelor 1260, ottierwisc PeBs are based on al: 1 mixlure of A roc lors 
1254:1260; b methyl mercury Ptt. 
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Location Vear Tissue 'Ii 'Ii Mercury DDD DDE DDT Diel HE IICD PCDs Oxy D-IICIf Mirex 
Fat Water 

Species: NORTIIERN IlARRIER (Cùcus cyaneus) 

Qu.:b.:c (Ungava) 1969 Addled egg 5.9 78 0.09 0.066 14.5 ND 0.99 0.069 ND 3.0' - ND . ND 

Manitoba 1967 Addled egg 8.3 77 0.28 0.062 2.65 0.12 1.31 0.13 - - - -
Saskatchewan 1967 Egg condition 4.6 82 - 0.13 0.79 0.11 0.80 0.094 - - - -

not roecord.:d 

Alberta 1968 Egg condition 3.2 84 0.24 0.83 20.4 0.87 0.79 0.51 - - - - -
not record.:d 

Saskatchewan-Alberta 1969 Froesh .:ggs 4.6 84 Mean .0.028 0.052 2.43 0.059 0.27 0.13 - 0.091' - 0.0018 -
#detlN 4/4 717 717 717 717 717 2/2 217 

min 0.014 0.016 1.16 0.007 0.029 0.017 0.03 0.0005 
max 0.06 0.127 12.1 0.17 0.70 1.56 0.28 0.046 

Saskatchewan-Alberta 1969 Addled eggs 6.3 82 Mean 0.019 0.0048 0.82 0.056 0.20 0.057 · 0.093" - 0.0014 -
#detlN 212 8/12 12112 10112 12112 11112 6/6 12/12 

min 0.018 0.0005 0.013 0.013 0.010 0.0005 0.02 0.0005 
max 0.020 0.044 15.9 0.030 5.2 0.59 0.84 0.048 

Saskatchewan (Throee 1968 Brain 6.6 81 Mean - 0.004 0.039 0.008 0.007 0.030 · - - - -
adults) #detlN 3/3 3/3 3/3 3/3 3/3 

min 0.003 0.02 0.007 0.004 0.021 
max 0.007 0.084 0.009 0.015 0.048 

- Liver . 72 Mean 0.057 - - - - - - . - -
#detlN 3/3 

min 0.028 
max 0.13 

Vancouver Mand, BC 1968 Brain 6.3 75 Mean - 0.081 0.55 0.20 0.048 ND · - - - -
(One adult) #detlN 

Br.:ast Muscle 5.0 68 min . 0.78 4.17 1.27 0.092 ND - - - -
max 

Hawt Cliff, Ontario 1986 Blood - . Mean - ND 0.019 ND 0.0012 0.0007 ND ND 0.0007 ND 0.001 
(Fall migration) #del/N 212 ln 1/2 ln 2n 

min 0.009 0.0005. 0.0005 0.0005 0.001 
max 0.029 0.003 0.001 0.001 0.001 

- indicates that chemical wa. nOl included in analysis; ND indieates chemieal was included in analysis but not detected;' PCBs are presented on the basia of Aroclor 1260, otherwisc PCBs are based on al: 1 mixture of Aroclortl 
1254:1260; b methyJ mercury 
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BI - - - - - _.- - .. - - _.- - - - - -
Localion Year Tissue % % Mercury DDD DDE DDT Die! HE IICD ! PeDs Oxy D-UCn Mirex 

Fat Water 

Species: MERLIN (Fa/co columbarlus) 

Prairie race: 

Alb.:rta 1968 Fresh egg 14.8 74 0.18 0.33 27.5 0.96 2.21 5.40 - . . - -
Addled egg 5.3 84 0.514 0;051 5.08 0.010 1 0.072 ·0.\1 . 1.03' - ND -

Alberta 1969 Viabl.: eggs 6.2 81 Mean 0.259 0.019 9.92 0.076 0.417 0.543 . - 0.561" - 0.0082 -
#deIlN. 11112 10/12 12/12 12112 12112 12/12 11111 8/12 

min 0.12 O.OOOS 2.27 0.018 0.036 0.10 0.147 O.OOOS 
max 1.29 0.175 84.6 0.304 2.25 2.41 1.96 0.17J 

J Nonviabl.: eggs 7.6 79 M.:an 0.201 0.012 11.1 -.0.065 0.91 1.00 - 0.48' - 0.0046 -
~ 

#dellN 616 517 717 m m 717 717 317 
min 0.11 0.0005 1.57 0.019 0.24 0.090 0.16 0.0005 
max 0.45 0.11 65.8 0.17 2.10 1.74 1.72 0.248 

Alb.:ru 1970 Viabl.: cggs 6.8 . 80 Mean 0.17 0.0080 6.25 0.069 0.21 0.43 0,025 0.969- - ND ND 
NdellN 37/37 26/37 37/37 37/37 37/37 37/37 37/37 37/37 

min 0.050 0.0005 1.17 0.013 0.029 .0.076 0.008 0.366 
max 1.02 0.157 135.0 0.10 UI 4.63 0.63 9.7 

Nonviable eggs 6.1 81 Mean 0.21 0.024 13.S 0.034 0.22 0.26 0.023 1.052' - ND ND 
NdellN SIS 415 SIS 415 SIS 5/5 SIS SIS 

min '0.070 0.0005 2.64 0.0005 0.058 0.079 0.012 0.601 
max 0.67 0.12 72.9 0.721 0.72 0.97 0.081 2.28 

Alberta 1971 Viable eggs 5.7 82 Mean 0.23 0.0090 8.77 0.0126 0.34 0.28 0.019 1.169- - ND ND 
NdetlN 26126 ·18n6 26n6 18n6 26126 26126 26/26 26126 

. min 0.060 0.0005 '2.48 0.0005 0.070 0.080 0.010 0.450 
max . 1.20 0.12 85.2 0.34 ·2.90 2.84 0.24 5.61 

Nonviable egga 5.1 82 Mean 0.12 0.0032 8.20 0.0045 0.30 0.10 0.020 3.35 - ND ND 
NdetlN 2n 112 212 112 212 212 2/2 2/2 

min 0.11 0.0005 3.54 0.0005 0.11 0.10 0.020 US 
max 0.14 0.020 19.0 0.040 0.84 0.11 0.020 6.03 

- indicateslhat chemical ~88 not included in ànalysis; ND indiceles chemical wu included in analysis but nOl delecled;' PCBs are presenled on Ihe buis of Aroclor 1260,01herwise PCBs are based on a 1';1 mixture of Aroclors 
1254;1260; b melhyl mercury· "!j;" 
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LocatioD Year Tissue % % Mercury DDD DDE DDT Diet HE IICD PeDs Oxy D-IICU Mir.,,, 

Fat Water 

Species: MERLIN (Fa/co ca/umbarlus) 

Alberta 1972 Viable eggs 10.4 80 Mean 0.12 0.0022 5.50 0.0276 0.38 0.24 0.049 1.008" - -
#dctlN 46/46 17/46 46/46 41146 46/46 46/46 46/46 46/46 

min 0.040 0.0005 1.13. 0.0005 0.050 0.040 0.010 0.420 
max 0.48 0.13 43.6 0.38 2.33 1.45 1.84 2.880 

Nonviable eggs 10.4 80 Mean 0.138 0.0130 11.9 0.0147 0.43 0.29 0.047 1.313" - - -
#detlN 24/24 16/25 2512S 17125 2512S 25/25 ·25/25 2S/25 

min 0.060 0.0005 .1.80 0.0005 0.040 0.070 0.020 0.630 
max 0.570 0.50 66.7 0.26 3.10 0.7S 0.120 4.70 

Saskat~hewan 1972 Viable eggs 8.1 79 Mean 0.078 0.0594 1.92 0.348 3.00 2.16 0.222 0.971" - -
#detlN 2/2 2/2 2/2 2/2 2/2 2/2 2/2 2/2 

min 0.060 0.042 1.66 0.114 2.78 2.00 0.190 0.890 
max 0.10 0.084 2.23 1.06 3.24 2.33 0.266 1.060 

Alberta 1973 Viable eggs 9.7 75 Mean 0.069 0.0807 10.7 0.0949 0.61 0.46 0.0894 1.824" - . -
#deuN 21/23 23/23 23/23 . 21/23 23/23 23/23 23/23 23/23 

min 0.0005 0.014 1.32 O.OOOS 0.19 0.12 0.038 0.660 
max 0,S6 3.178 56.9 8.702 4.30 J.S4 0.532 '5.540 

Nonviable eggs 9.6 75 Mean 0.034 0.0564 21.4 0.240 0.65 0.61 0.137 2.158" - - -
#deuN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

min 0.010 0.042 8.97 0.076 0.31 0.34 0.057 0.870 
max 0.21 0.308 82.7 0.304 0.98 1.61 0.209 3.11 

Saskatchewan 1973 Addled egg 11.2 74 0.01 0.080 45.9 0.060 0.29 0.23 0.070 3.32" · -
Yukon 1973 Viable cggs 5.9 .80 Mean 0.27 0.21 18.8 0.012 0.79 0.18 0.049 4.19" - -

#deuN 2/2 2/2 212 2/2 2/2 2/2 2/2 2/2 
min 0.21 0.17 18.6 0.0005 0.42 ·0.18 0.030 3.68 
max 0.34 0.25 19.0 0.29 1.47 0.19 0.080 4.78 

Nwr (District of 1973 Addled egg 16 79 0.040 0.53 19.7 0.20 2.64 0.39 0.050 3.7?" · . -
Mackenzie) 

Alberta 1974 • Viable eggs 5.9 78 Mean 0.048 0.042 11.5 0.056 0.30 0.38 0.0982 1.68 - 0.023 0.0583 
#detlN 28/28 28/28 28/28 28/28 28/28 28/28 828/28 28/28 28/28 28/28 

min 0.010 0.014 2.78 0.002 0.070 0.030 i,O.OO9 0.62 .005 .005 
max 0.20 0.57 80.9 4.52 1.80 4.18 1.50 4.28 0.430 0.760 

Nonviable cggs 6.6 81 Mean 0.040 0.028 11.8 0.12 0.21 0.23 0.059 2.09 · 0.0320 0.0719 
#deuN SIS SIS SIS 5/5 515 SIS SI5 SIS SIS SIS 

min 0.010 .0.014 2.36 0.076 0.040 0.070 0.038 1.05 0.005 0.020 
max 0.10 0.056 27.3 0.46 0.46 1.06 0.095 3.73 0.080 0.760 

• indicales !hal chemical wu nol included in analysis; ND indicales chemical was included in analysis bul nOI delected;' l'CDs are presenled on !he basis of Aroclor 1260, o!herwise l'CDs are based on al: 1 mixture of Aroclora 
1254:1260; b me!hyl mercury 
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- _.- - - - - - - - - -
L«ation Year Tissue 

1 F~t % ! Mercury 000 ODE 001 HCD PC~' Oxy D-IICn Mire" 
Water 

Species: MERLIN (Falco columbarius) 

Albcrta 1975 Viable eggs 6.3 81 Mean 0.053 0.039 8.01 0.0364 0.38 0.59 0.062 1.34 - . 0.01117 
#detlN 13113 13/13 13/13 13/13 13113 13/13 13/13 13/13 13/13 

min 0.01.0 0.014 1.73 .005 0.13 0.28 0.019 0.84 0.005 
mal( 0.14 0.21 44.5 0.320 1.86 . 1.21 0.87 2.91 0.400 

Nonviable eggs 6.3 81 Mean 0.032 0.049. 8.22 0.064 0.49 0.53 0.029 1.24 - - 0.757 

#detlN 12/12 12/12 12/12 12112 12112 12112 : 12112 12/12 12/12 
min 0.005 0.0\4 3.23 0.005 0.060 0.090 0.0095 0.93 0.010 
mal( 0.10 0.17 33.8 0.10 5.61 4.95 0.35 2.49 0.2110 

NWT 1975 Viable eggs 6.9 79 - 0.0\0 0.003 10.7 ND 0.50 0.55 0.040 1.30 - - -

Albena 1976 Viable eggs 5.1 81 Mean 0.049 0.014 7.25 0.21 0.094 0.64 0.040 1.02 . 0.27 - 0.176 
#dctlN 33/33 33/33 33/33 33/33 33/33 33/33 33/33 33/33 33/33 33/33 

min 0.020 0.007 0.24 0.038 0.005 0.005 0.0095 0.22 0.090 0.020 
max 0.24 0.18 90.9 1.71 1.72 6.\6 3.29 2:95 1.3\ 0.550 

Nonviable eggs 5.1 81 Mcan 0.057 O.oJ8 10.1 0.087 0.14 0.66 0.032 J.J7 0.17 - 0.192 
#detlN 10/10 10/10 10/10 10/10 10/10 10/10 10/10 10/10 10/10 10110 

min omo 0.007 3.05 0.019 0.005 0.070 0.001 0.71 0.036 0.0')0 
mal( 0.\6 0.70 22.7 0.27 0.40 2.54 0.42 2.16 0.54 0.260 

Alberta 1977 Viable eggs 5.4 78 Mean - 0.028 16.0 0.019 0.13 1.15 0.13 2.00 . 0.052 0.124 
#dctlN 212 212 212 212 212 212 212 212 212 

min 0.028 14.7 0.019 0.090 J.I0 0.057 1.77 0.030 0.090 
mal( 0.028 17.5 0.019 0.20 1.21 0.29 2.25 0.090 0.170 

Nonviable egga 7.2 77 Mean . 0.043 14.7 0.13 0.25 1.81 0.31 1.21 - 0.079 0.059 
#dctlN 515 10110 10110 10/10 10110 10110 10/10 10110 9/9 

min 0.014 3.50 0.019 0.050 0.72 0.038 0.47 0.010 0.020 
max 0.15 71.3 3.42 1.89 9.09 10.1 3.95 0.75 O.ISO 

Alberta 1978 Viablc cggs 4.3 82 Mcan . 0.115 16.21 
'. 

0.042 0.232 0.411 0.057 1.44 0.140 0.098 
#dctlN 8/8 8/8 8/8 8/8 8/8 8/8 8/8 8/8 8/8 

min 0.020 3.21 0.010 0.030 0.26 0.040 0.82 0.090 0.010 
max \.24 57.8 0.30 0.91 0.700 0.11 3.10 . 0.22 0.93 

Nonviable egga 6.3 78 . Mean - 0.081 2.13 0.0056 ·0.0298 0.0838 0.023 1.316 0.063 0.0066 -
#dctlN 3/5 9/9 6/9 . 9/9 9/9 919 9/9 9/9 7/9 -min 0.0005 0.090 0.0005 0.005 0.010 ·0.0005 0.250 0.010 0.0005 
mu . 0.17 24.5 0.23 0.42 3.62 0.13 7.02 0.69 0.050 

• indicates that chemical wu not included in analysis; ND indicates chemical was included in analysis bul not dctecled;' l'CBs are presented on the buis of Aroclor 1260, otherwiae l'CHs are bascd on a 1:1 miXlure of Aroclors 
1254:1260; b methyl R\el'llury . : • ,~;Jt : 
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Location '"' ~ Mercury DDD DDE DDT Die! liE IICD PCDs Oxy B-IICII Mirl;x 
Fat Water 

Species: MERLIN (Folco columbariusJ 

Saskatchewan! Alberta 1988 FRsh eggs 6.0 81 Mean - 0.0034 2.95 0.012 0.042 0.30 0.014 0.24 0.080 0.008 
#detlN 14/14 14114 14114 14/14 14114 14/14 14/14 14114 14114 

min 0.0030 0.28 0.003 0.007 0.065 0.005 0.13 0.023 0.003 
max 0.016 65.8 0.089 0.59 2.03 0.23 0.31 0.30 0.082 

Alberta (Nestling) 1969 Brain 2.4 85.6 - 0.019 0.294 O.oz8 0.068 0.181 - - - ND 

liver - - 0.10 - - - - - - - - - -
Alberta (Nestling) 1969 Brain 4.6 86.4 - ND 0.235 ND 0.017 0.014 - - - -

liver - 71.0 0.084 - - - - - - - - -
Alberta (One-day-old 1969 Whole body 3.7 85 0.21 0.066 8.02 0.032 1.41 0.52 - 0.142' - ND -

nestling) 

Alberta (Nestling) 1971 Whole body 5.2 74.1 - 0.020 0.70 O.ozO 0.020 0.030 ND ND - ND ND 

liver - - 0.050 - - - . . . - - -
Alberta (Four-weeks- 1972 Brain 10.4 86.7 - ND 0.070 ND omo ND ND . . -
old nestling) 

Liver 4.3 74.0 0.040 ND 0.11 ND 0.060 0.030 ND ND - -

Breast muscle 5.6 79.6 0.010 ND 0.12 ND 0.010 ND ND ND - -

Fat 47.6 41.5 - ND 6.89 ND 0.48 0.52 0.050 LW - -

Alberta (Two one- 1973 liver 1.6 76.7 Mean 0.062- 0.010 3.17 0.005 0.079 0.049 O.oz5 !.S6 - ND . 
week-old nestlings) #dctlN 2n 2/2 2n 2n 2n 2n 2n 2n 

min 0.060 0.010 2.71 0.005 . 0.070 0.040 0.020 1.33 
mu: 0.080 0.010 3.70 0.005 0.090 0.060 . 0.030 1.83 

Brain 2.0 88.0 Mean - 0.010 1.09 0.007 0.035 O.otO 0.010 1.87 - ND -
#detlN 2n 2/2 2n 2/2 2/2 2n 2/2 

min 0.010 0.80 0.005 0.030 0.010 .0.010 !.SO 
max ·0.010 1.49 0.010 0.040 0.010 O.otO 2.34 

Fat 26.1 56.5 - 0.66 49.3 6.040 0.79 0.67 0.10 13.5 - ND 

Southem Alberta 1976 Liver 1.2 73.7 .0.030 0.0007 0.15 0.002 0.010 0.090 0.0095 0.0005 0.018 - 0.0005 
(Nestling) 

Fat 65.2 30.5 . 0.0005 3.03 0.0005 0.010 0.18 0.005 0.32 0.060 . 0.010 

- indicates that chcmical wu nOI included in analysis; ND indicates chemical was included in analysis but nDt detected;' l'CBs are presented on the buis of Aroclor 1260, otherwisc l'CDs are based on al: 1 mixture of Aroclors 
1254:1260;" methyl mercury 
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Location ! Year Tissue ~ Mercury DDD DDE DDT Diel liE IICD . PeRs Oxy B-IICH Mirex 

Species: MERLIN (Fa/CD columbarlus) 

Eastern race: 

Kujuak (Quebec) 1969 Fresh egg 5.2 79.6 0.72 0.873 33.2. ND 0.23· 0.082 0.003 7.83" - ND . 

Whilcfish Point, 1986- Blood - Mean - - 0.640 - 0.047 0.0254 0.0014 0.226 0.0367 0.0057 0.04011 
Michigan 88 #dellN 4/4 4/4 4/4 3/3 4/4 4/4 1/4 4/4 
(Spring migration) min 0.164 0.002 0.003 0.0004 0.055 0.004 0.0005 0.005· 

max 0.803 0.124 0.048 0.0016 0.302 0.0124 0.004 0.027 

Hawk Cliff, Onlario 1986· Blood - - Mean - ND 0.467 ND 0.006 0.0096 0.0014 ·0.239 0.0136 0.0007 0.0315 
(Fall migration) 81 #dellN 3/3 3/3 3/3 3/3 .3/3 3/3 1/3 3/3 

min 0.031 0.001 0.00'13 0.0004 0.0504 0.0021 0.0005 0.005 
max 3.29 0.021 0.255 0.0016 0.63 0.042 0.0015 0.125 

British Colllmbian race: . 
BC (Pine Lake) 1969 Addled egg 1." 0.511 0.\35 8.38 0.246 0.201 0.435 - 1.72" - ND 

,. 
Weslon Island, B .. C. Nov Brain 12.6 6S.3 0.17 2.10 . 15.8 0.849 0.379 0.224 ND ND ND ND 
(Aduh) 1968 

- indicates that chemical wu not inc1uded in analysis; ND indiéatea chemical WU included in analys;s but not detected;" PCBs are presented on the buis of Aroclor 1260, otherwise PCSs are based on al: 1 mixture of Aroclora 
1254:1260;' methyl mercury 
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Location Year 
1 

Tissue 'Ii 'Ii Mercury DDD DDE DDT Diel HE IICD PeRs Oxy B-IIClf Mirex 
Fat Waler 

Species: PRAIRIE FALCON (Falco me.dcanus) 

Alberta 1967 Fn::sh eggs 5.7 81 Mean 0.17 0.024 1.19 0.036 0.018 0.43 - 0.51' - - -
#detlN 5/5 9/9 9/9 9/9 9/9 9/9 SIS 

min 0.1l 0.002 0.46 0.0005 0.0005 0.21 0.26 
max 0.48 0.048 3.22 0.16 0.19 1.95 0.87 

Nonviable eggs 7.6 81 Mean . 0.033 2.98 0.058 0.058 0.25 · - · · · 
#detlN 2/2 2/2 2/2 2/2 2/2 

min .0.027 2.79 0.043 0.028 0.16 
max 0.040 3.18 O.OTI 0.12 0.39 

Alberta 1968 Fresh eggs 5.0 82.1 Mean 0.30 0.14 3.12 0.10 0.18 0.83 - 1.45- - · -
#detlN 2/2 2/2 212 2/2 2/2. 2/2 III 

min 0.12 0.032 1.00 0.026 0.057 0.23 
max 0.73 0.58 9.81 0.38 0.55 2.93 

Egg condition 8.3 74 Mean 0.23 0.092 4.56 0.092 0.26 0.87 · 1.54' - · · 
nOI recorded #detlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

min 0.14 0.035 2.46 0.047 0.071 0.32 0.53 
max 0.37 0.23 6.96 0.19 0.67 2.TI 3.90 

Addled eggs 9.0 75 Mean 0.63 0.075 4.17 0.091 0.220 0.60 - 0.54' - · 
#detiN 6/6 9/9 9/9 9/9 9/9 9/9 3/3 

min 0.069 0.014 0.47 0.016 0.027 0.34 0.45 
max 1.11 0.47 Il.2 0.26 1.36 2.58 0.69 

Alberta 1969 Viable eggs 5.8 81 Mean 0.15 0.017 1.63 0.023 0.13 0.031 · 0.65' · 0.0006 
#detlN 33/33 32134 34/34 34/34 34/34 34/34 32/32 2/34 

min oms 0.0005 0.27 0.002 0.022 0.050 0.14 0.0005 
max 0.95 .0.049 9.0 0.33 0.77 2.30 2.0 0.043 

Egg condition 8.8 80 Mean 0.14 0.024 4.1 0.040. 0.26 1.10 · 0.69' · 0.0035 -
nol recorded #detlN' 7!7 717 7!7 717 717 717 6/6 3/7 

min 0.052 0.012 0.76 0.015 0.080 0.43 0.55 0.0005 
max 0.51 0.25' 28.9 0.13 6.45 30.2 0.98 0.169 

Infertile eggs 4.9 83 Mean 0.19 0.036 1.67 0.029 0.23 0.42 - 1.03' - ND · 
IdetlN 2/2 2/2 2/2 2/2 212 2/2 2/2 

min 0.14 0.031 0.97 0.026 0.11 0.40 1.00 
max' 0.24 0.043 2.88 0.032 0.48 0.43 1.07 

Addled eggs 6.3 82 Mean 0.14 0.017 1.89 0.015 0.25 0.26 - 0.23' · O.(lOl -
#detlN II/II 14114 14/14 14/14 14114 14/14 11111 3/14 

min 0.019 0.003 0.38 0.003 0.035 0.12 0.0005 0.0005 
max 0.53 0.11 13.1 0.057 8.94 0.98 0.66 0.016 

• indicates thal chemical was not iocluded in analysis; ND indicates chemical wu included in anslyais bui nOl detected;· l'CDs are presented on the basis of Aroclor 1260, otherwise l'CBs are based on al:'. miXlure of Aroclors 
1254:1260; b methyl mercury . 
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- - - - - - - - - - - - - -
Location Year Tissue <;i <;i Mercury DDD DDE DDT Diel ·HE IICB ! l'CBs Oxy B-IICII Mirex 

Fat Water 

Spedes: PRAIRIE FALCON (Falco me.tieal/us) 

Alb~rta 1970 Viabl~ eggs 6.5 81 Mean 0.085 0.001S 2.42 0.0028 0.13 0.42 0.019 0.821' - ND ND 
#detiN 33/33 8/33 33133 15/33 33/33 33/33 33/33 32132 

min 0.020 0.0005 0.52 0.0005 0.028 0.065 0.004 0.242 
max 1.22 0.176 13.9 0.55 1.0 7.0 0.21 9.28 

Nonviable eggs 7.2 81 Mean 0.13 0.0010 1.23 0.0008 0.11 0041 0.013 0.525' - ND ND 
#detiN 6/6 1/6 6/6 1/6 6/6 6/6 616 6/6 

min 0.050 0.0005 0.50 0.0005 0.050 0:11 0.005 0.190 
max 0.60 0.034 2.74 O.OOSO 0.23 1.69 0.059 0.9S6 

Alberta 1971 Viable eggs 5.6 81 Mean 0.072 0.0009 1.69 0.0009 0.13 0.22 0.027 0.789- - ND ND 
#detiN 18/18 3/IS IS/IS 2/18 IS/18 IS/18 17/1S IS/18 

min \ 0.020 0.0005 0.29 0.0005 0.020 0.050 0.0005 0.200 
max O.SI 0.030 5,95 0.17 ' 0.95 1.02 0041 1.6S 

Egg condition s.a S2 Mun 0.040 ND 0.99 ND 0.042 0.23 0.0011 0.0275' - ND ND 
not record~d #detiN SIS SIS 415 5/5 115 315 

min 0.020 0041 0.0005 0.070 0.0005 0.0005 
max 0.17 3.0 0.55 0.46 0.030 0.6S 

Nonviable cggs 5.8 81 Mean 0.047 0.0010 1.03 0.0008 0.12 0.19 0.0103 0.29S' - ND ND 
#detiN 21/21 3121 21121 2121 21121 21121 17121 17121 

min 0.020 0.0005 0.21 0.0005 0.010 0.040 0.0005 0.0005 
max 0.21 0.14 6.15 0.15 I.3S 2.98 0.30 4.92 

Alberta 1972 Viable eggs 10.3 81 Mean 0.043 0.0010 US 0.0014 0.20S 0.19 0.032 0.H4' - -
#detiN 24124 5/25 25/25 7125 25125 25125 24/25 25/25 

min 0.0005 0.0005 0.61 0.0005 0.Q20 0.030 0.0005 0.170 
max 1.11 0.056 7.29 0.076 4.45 0.71 O.IS 1.87 

Nonviable eggs 10.1 SO Mean 0.071 O.OOS LIS 0.0009 0.12 0.17 0.034 0.461' - -
#detiN 13113 2113 13/13 2113. 13113 13/13 13113 13113 

min 0.030 0.0005 0.74 O.OOOS 0.050 0.050 0.020 0.240 
max 0.2S 0.014 3.S9 O.03S 0.57 0.76 0.13 0.790 

Alberta 1973 Viable eggs 5.9 SI Mean 0.019 0.0026 . 1.76 0.0025 0.17 0.12 0.0066 1.002' . - -
, #detiN 30134 i6/34 34/34 12/34 34/34 34/34 ii/34 34/34 

min 0.0005 0.0005 0049 0.0005 0.020 0.005 0.0005 0.21 
max 0.12 0.042 14.2 0.11 2.84, 0.51 0.40 3.53 

Nonviable eggs 604 SI Mean 0.011 ND 1.11 ND 0.12 0.13 0,0105 1.138' - - -
IdetiN 415 SIS SIS SIS 4/S SIS 

min 0.0005 0.60 0.û40 O.OSO O.OOOS 0.51 
max 0.030 2.04 0040 0.37 0.038 3.S4 

1'''''(' 

- indicates Ibat chemical wu not included in analysis; ND indicales chemical was included in analysis .but nOI delecled;' PCBs are prèsented on Û)e bBsis of Aroclor 1260, otherwisc PCBs are bascd on al: 1 mixture of Aroclors 
1254: 1260; b methyl mercury ~ iH;~i 
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Location Vear ! Tissue ., ., Mercury DDD DDE DDT Die! fiE IICD PCBs fuy D-HCII Mirex 
Fat Waler 

Species: PR~IRIE FALCON (Fa/co mexû:anus) 

Alberta 1974 Viable eggs 5.6 81 Mean 0.014 0.0069 2.10 0.026 0.097 0.19 0.050 0.82 - 0.0030 0.0119 
IdelfN 33/33 33/33 33/33 33/33 33/33 33/33 33/33 33/33 18/33 29133 

min 0.005 0.0007 0.31 0.0019 0.010 0.010 0.0095 0.22 0.0005 0.0005 
max 0.090 0.098 33.4 0.46 2.18 2.19 0.93 3.33 0.18 0.090 

Nonviable eggs S.6 . 81 Mean 0.014 0.0079 2.13 0.028 0.11 0.28 0.048 0.91 - 0.0013 0.0119 
IdclfN 16/16 16/16 16/16 16/16 16116 16/16 16/16 16/16 6/16 14/16 . 

min 0.005 0.0007 0.68 0.0019 0.020. 0.060 0.019 0.39 O.OOOS O.OOOS 
max 0.060 0.OS6 17.5 0.27 2.50 2.43 0.49 9.57 . 0.030 0.060 

Alberta 1975 Viable eggs 7.3 78 Mean 0.097 0.016 1.77 0.0068 0.099 0.14 0.027 0.63 . - 0.0135 
IdelfN 19/19 19/19 19/19 19/19 19/19 19/19 19/19 19/19 18/19 

min 0.005 0:005 0.33 0.005 0.010 0.005 0.010 0.16 0.0005 
max 0.13 0.100 10.9 0.020 7.20 1.87 0.100 2.80 0.22 

Nonviable eggs 7.3 78 Mean 0.008 0.017 3.22 0.009 0.24 0.20 0.047 1.65 . - 0.0128 
IdelfN 18/18 18/18 18/18 18118 18/18 18118 18/18 18/18 15/18 

min 0.005 O.OOS 1.26 O.OOS O.oJO 0.070 0.010 0.74 O.OOOS 
max 0.020 O.OSO 7.3S 0.030 3.97 1.23 0.3S 3.16 O.OSO 

-
Alberta 1976 Viable eggs S.S 81 Mean 0.024 0.OOS4 1.07 0.024 0.042 0.22 0.023 O.4S 0.042 - 0.0286 

#d~IIN 17/17 17117 17117 17117 17117 17117 17/17 17/17 17117 16116 
min 0.010 0.0007 0.20 0.0019 0.010 0.0:30 O.OO9S 0.12 0.009 0.005 
max 0.060 0.0070 4.99 0.19 O.SI 2.43 0.076 1.44 0.13 0.150 

Nonviable eggs S.S 80 Mean 0.018 0.0063 1.85 0.030 0.077 0.34 0.022 0.76 0.068 - 0.0571 
IdelfN 23/23 23/23 23/23 23/23 23/23 23/23 23/23 2Jn3 23/23 23/23 

min O.OOS 0.0007 O.SO 0.002 0.010 0.030 0.009 0.30 0.009 0.005 
max 0.12 0.0070 5.81 0.23 O.SI 2.07 0.2S 5.77 0.43 0.150 

Alberta 1977 Viable eggs 4.2 82 Mean - - 0.52 0.027 0.017 0.094 0.027 0.39 0.018 0.005 0.010 
IdelfN 212 212 2/2 212 .212 212 1/1 2/2 2/2 

min: 0.41 0.019 0,010 0.040 0.019 0.32 0.005 0.010 
max 0.65 0.038 O.oJO 0.22 0.038 0.48 O.OOS 0.010 

Nonviable eggs 5.6 80 Mean - 0.084 1.35 0.029 0.060 0.27 0.048 0.64 0.054 O.OO6S 0.0231 
IdclfN 1/1 17117 17117 17117 17117 17117 17117 1/1 16117 16116 

min 0.36 0.002 0.010 O.OSO 0.019 0.019 0.0005 0.005 
max 8.32 0.15 1.76 1.20 0.68 4.02 0.030 0.240 

- indicates that chcmical was not included in analysis; ND indicates chcmical was includcd in analysis bul nol detected:' PCDs are presenled on the basis of Aroclor 1260, otherwise PCDs are based on al: 1 mixture of Aroclora 
1254:1260; ~ methyl mercury 
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.. - - - - - - .. ..... - - - - - - - - -, 

Locatio " Tissue 'JI, h;J Mercury Diel HE HCD PeDs Oxy . B-IICJI Mirex 
Fat 

Species: PRAIRIE FALCON (Fa/co mexlcanus) 

Alberta 1978 . Viable eggs 4.7 83 Mean - 0.005 0.98 0.002 0.024 0.39 0.057 0.28 0.050 0.0103 
#detlN 717 717 717 717 717 717 717 111 617 

min 0.0005 0.11 0.0005 0.010 0.080 0.020 0.10 0.0005 

max 0.020 7.06 0.010 0.070 2.31 1.42 0.65 0.120 

'. Infertile eggs 6.3 78 Mean - 0.008 0.53 0.008 0.032 0.11 0.018 0.28 0.030 0.0063 · 
#detlN 3/3 3/3 3/3 3/3 3/3 3/3 3/3 III 3/3 

min 0.005 0.080 0.005 0.010 0.006 0.010 0.10 0.0005 0.005 
max 0.010 1.49 0.010 0.080 0.25 .0.030 0.63 O.oJO 0.010 

Nonviable eggs 6.9 81 Mean . 0.013 0.60 0.008 0.057 0.12 0.012 0.33 0.025 0.0023 
#detlN SIS SIS SIS SIS 515 SIS 5/5 3/3 3/5 

min 0.005 0.33 0.005 0.005 0.030 0.010 0.14 0.010 0.0005 
max 0.040 1.21 0.010' 0.35 0.36 0.020 0.62 0.080 0.010 

Alberta 1980 Viable cggs 6.1 80 Mean 0:016 0.0012 0.79 0.002 0.14 0.11 0.093 0.~6 0.030 0.014 0.031 
#detlN 919 9/9 9/9 9/9 9/9 9/9 9/9 9/9 9/9 9/9 9/9 

: min omo o.ooos 0.32 o.oos omo 0.040 0.017 0.17 0.010 0.005 0.010 
max 0.050 0.010 1.63 0.030 1.02 0.22 0.35 0.93 0.060 0.040 0.050 

, Nonviablc eggs 6.1 81 Mean 0.026 0.0005 0.33 0:0014 0.28 0.25 . 0.045 0.50 0.040 0.033 0.010 
#detlN 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.010 O.OOOS O.IS 0.0005 0.020 0.12 0.022 0.19 0.030 0.030 0.005 
max 0.060 0.0005 0.85 0.010 1.05 0.76 0.16 0.82 0.070 0.040 0.020 . 

.Saskatchewan 1967 Viable cggs 7.6 76 Mean 0.080 0.024 8.05 0.047 0.0051 0.71 · 0.51" · · 
#detlN 3/3 6/6 6/6 6/6 3/6 6/6 3/3 

min 0.070 0.007 1.52 0.006 0.0005 0.27 0.42 
max 0.090 0.061 41.4 0.30 0.236 2.56 0.70 

1 Addled egg 5.0 81 1 . 0.039 2.52 0.048 0.123 0.022 · . - · · 

Saskatchewan 1968 Viable eggs 9.8 75 Mean 0.19 0.069 5.30 0.078 0.61 0.49 - 0.7/1 . · · 

#detlN 6/6 6/6 6/6 616 616 616 616 
min. 0.095 0.023 1.79 0.021 0.075 0.13 0.39 
max 0.43 0.52 8.68 0.59 3.96 1.50 1.30 

Saskatchewan 1969 Viable eggs 5.4 81 'Mean 0.098 0.021 2.20 0.018 0.28 0.30 · 0.46" ND · 
#detlN SIS 717 717 717 717 717 6/6 

min 0.033 0.010 0.90 0.008 0.062 0.12 0.2S 
max 0.25 0.034 4.86 0.074 1.09 1.75 0.79 

Nonviable egg 6.0 80 0.091 0.014 1.33 0.014 0.070 0.467 - 0.23' 1 ND 

, ... ' .~ 

- indicates that chemical was not included in analysis; ND indicates chemical wa9 included in analysis but not detected;' PeRs are presente~ on the basis of Amelor 1260, othclWisc PeRs are based on al: 1 mixture of Aroclors 
1254:1260;' methyl mercury ; "';,.;,;; , 
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LocatioD Vear Tissue % % Me«ury 000 ODE DDT Diel HE HCD PeDs . Oxy B-IICII Mire" 
Fat Water 

Species: PRAIRIE FALCON (Fa/co nte.dcanus) 

Saskatchewan 1970 Viable egga 7.9 81 Mean 0.044 0.0014 3.28 0.029 0.17 0.52 0.029 1.40' - ND ND 
. 

#detlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 
min 0.030 0.0005 0.14 0.016 0.040 0.22 0.016 0.72 
max 0.060 0.028 31.4 0.079 . 0.50 2,26 0.066 3.39 

Nonviable egg. 6.0 83 Mean 0.010 0.0013 2.08 0.0019 0.11 0.37 0.018 0.39' - ND ND 
#detlN 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.010 0.0005 1.24 0.0005 0.025 0.20 0.009 0.18 
.. max 0.010 0.009 2.85 0.029 0.68 0.57 0.029 0.69 

Saskatchewan 1972 Viable eggs 10.6 79 Mean 0.0337 ND 1.66 ND 0.142 0.119 0.019 0.402" - - -
#detlN 6/6 6/6 6/6 6/6 6/6 6/6 

min 0.012 0.68 0.030 0.060 0.010 0.170 
max 0.050 4.47 0.37 0.17 . 0.060 0.710 

Nonviable egg. 9.1 80 Mean 0.039 ND 1.55 0.0008 0.091 0.16 0.0077 0.541' · - -
#detfN 919 9/9 1/9 9/9 9/9 8/9 9/9 

min 0.010 0.67 0.0005 0.010 0.050 0.0005 0.190 
max 0.27 3.35 0.020 0.49 1.13 0.020 1.42 

Saskatchewan 1973 Viable egg. 4.9 81 Mean 0.083 0.0028 2.29 0.0124 0.49 0.43 0.060 0.933" · . . 
#detfN SIS 2/5 515 315 515 515 515 515 

min 0.020 0.0005 1.16 0.0005 0.22 0.19 0.019 0.45 
max 0.38 0.098 6.05 0.266 1.94 2.42 0.99 1.75 

Nonviable eggs 6.3 80 Mean 0.0237 0.0047 1.10 0.0059 0.075 0.24 0.029 0.637' · . . 
#detfN 516 3/6 6/6 3/6 6/6 6/6 6/6 6/6 

min 0.0005 0.0005 0.42 0.0005 0.030 0.12 0.019 0.19 
max 0.070 0.462 6.24 0.228 0.31 0.59 0.057 1.09 

Saskatchewan 1975 Nonviable eggs 12.6 71 Mean 0.01l 0.025 5.20 0.009 0.33 1.54 0.086 3.61 · 0:173 
#detfN SIS 515 SIS SIS SIS SIS SIS 5/5 . 515 

min 0.005 0.010 2.76 0.005 0.27 0.83 0.060 1.95 0.090 
max 0.030 0.060 8.08 0.010 0.45 2.43 0.10 6.74 0.300 

Sask.atchewan 1978 . Infertile eggs 5.7 711 Mean . 0.024 1.65 0.004 0.12 0.48 0.020 O.sl - 0.01 -
#detfN 212 2/2 212 212 212 212 212 212 

min 0.010 UI O.OOOS 0.050 0.43 O.orO 0.37 0.010 
max 0.060 2.46 0.030 0.29 0.53 0.040 0.71 0.010 

Saskatchewan 1988 Fresh egga 5.5 82 Mean . 0.005 0.87 0.0013 0.003 0.020 0.012 0.066 0.009 0.0006 0.0029 
#detlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

min 0.005 0.041 0.0012 0.002 0.013 0.008 0.036 0.007 0.0003 0.0016 
max 0.005 0.24 0.0014 0.004 0.031 0.016 0.12 0.014 0.0015 0.0044 

- indicales Ibat chemical was nol included in analysis; ND indicates chemical was included in analysia but no! detccled;". l'CBs are presented on Ibe basis of Aroclor 1260, olberwise l'CBs are based on a 1:1 mixture of Aroclors 
1254:1260; b melbyl mercury 
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- - - - - - - - - - - - - - - - - - -
Location' Year Tissue DL .;J Mercury DDD DDE DDT Die! liE HCB PCBs Oxy B·HCH' Mirex 

p, 

Species: PRAIRIE FALCON (Fa/co mexlcanus) 

Saskatchewan 1988 Fresh eggs 1.2 17 Pool(9) - ND 0.056 ' 0.001 0.002 0.012 0.11 0.072 0.004 ND 0.0021 

1.1 18 Pool(5) · ND 0.041 0.001 0.002 0.009 0.010 0.15 0.003 ND 0.0003 

Alberta (Nestling) 1969 Brain 3.0 89 · 0.006 ' 0.095 0.005 0.014 0.001 · . - ND -

Liver - 11 0.153 . - - - - · . - - -

Alberta (Adult female) 1969 Brain 9.2 19 - 0.035 0.314 0.023 0.033 0.182 - - - ND -

Breast muscle 3.4 10 · 0.091 0.648 0.016 0.051 0.42 · - . ND -

Liver 2.4 72 1.26 0.048 0.285 0.042 0.056 0.426 - - - ND -

Fat 85.2 IS - ND 16.9 0.33 1.17 13.8 · 29.8" - ND -

Gonads 2.1 81 · 0.035 0.356 0.031 0.036 0.189 · - ND -
Alberta (Thrce-day-old 1911 Whole body 2.8 81 0.16 ND 1.31 ND 0.040 0.47 0.010 0.66" - ND ND 
nestling) 

Albena (Three four- 1912 Brain 9.8 83 Mean ND ND 0.13 ND 0.016 0.060 0.0014 0.098' - -
wee k -old nestlings) #detlN ' 313 3/3 313 313 3/3 

min 0.060 0.010 0.010 0.0005 0.010 
max 0.20 0.020 0.020 0.010 0.150 

Breast muscle 1.0 11 Mean 0.~14 ND 0.14 ND 0.0014 0.011 0.0011 0.060- - -
#detlN 313 3/3 1/3 3/3 313 3/3 

min 0.0005 0.090 0.0005 0.005 0.0005 0.040 
max 0.010 0.29 0.10 0.10 0.020 0.11 

Liver 8.1 15 Mean 0.0061 ND 0.33 ND 0.023 0.026 0.0014 0.14- - -
#detlN 3/3 3/3 3/3 3/3 313 313 

min. 0.0003 0.10 0.020 0.0005 0.0005 0.09 .' 
max 0.030 0.61 0.030 0.43 0.010 0.22 

Fat 65.6 21 Mean ND 9.46 ND 0.20 1.16 0.055 1.96" - -
#detlN 212 2/2 2/2 2/2 2/2 

min 3.89 0.14 0.15 0.030 1.85 
max 23.0 0.30 8.91 0.10 2.08 

Ô" 

- indicatei thal chemical wu not i~cluded in analyais; ND indicatee chemical wei included in analysia bul no! detected;' l'CBs are presented on the buis of Aroclor 1260, otherwise l'CBa are based on al: 1 HÙxture of Aroclors 
1254:1260; ~ methyl mercury \ l 
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Location Year TÎSliue fi, fi, Men:ury DDD DDE DDT Diel HE HCD PCRs Oxy B-IICII Mirex 
Fat Water 

Species: PRAl RIE FALCON (Fa/co mexicilllus) 

Alb~rta (Nestling) 1973 Brain 6.3 85.3 - 0.005 0.36 0.005 O.ozO 0.020 0.010 0.75 - 0.0005. --
Liver 1.0 75.9 0.03' 0.0005 0.34 0.0005 0.010 0.020 0.010 0.29 - 0.0005 -

Fat 25.6 62.8 - 0.050 13.6 0.010 0.93 2.92 0.13 3.98 - 0.030 

Albena (Aduh female 1975 Brain 7.5 78 - 0.030 1.97 0.020 0.080 0.11 O.ozO 0.31 - - 0.010 
with suspected 
strychnine poisoning) Liver 4.2 n 0.11 0.020 4.50 0.010 0.13 0.13 0.030 0.54 - - 0.010 

Alberta (Nestling) 1975 Brain 5.0 80 0.005 0.005 0.15 0.005 0.005 0.005 0.010 0.57 - - -

Liver 0.5 n 0.020 ND 0.030 ND ND ND 0.005 0.18 - -

Alberta (Adult male) 1976 Brain 8.8 79 0.11 0.0005 0.42 0.0005 0.040 0.090 0.005 0.44 0.010 -

Liver 1.2 74 0.42 0.0005 0.84 0.0005 0.090 0.36 0.010 0.80 0.030 - 0.005 

Alb.:rta (S.:vcn one- 1976 Brain 2.4 88 Mean 0.030 0.001 0.43 0.0009 0.039 0.16 0.007 0.13 0.011 ND 
wee\::-old n.:stlings) #delfN III 717 717 717 717 717 717 717 717 

min 0.0005 0.080 0.0005 0.010 0.030 0.0005 0.0005 0.0005 
max 0.005 2.56 0.010 0.26 4.10 0.18 1.36 0.15 

Liver 3.6 77 Mean 0.022 0.0025 ·1.58 0.001 0.12 0.55 0.030 0.74 0.069 - ND 
#delfN 3/3 717 717 717 717 717 717 717 717 

min 0.010 0.0005 0.090 0.0005 0.010 0.070 0.005 0.050 0.010 
max 0.050 0.010 9.68 0.010 0.83 20.9 0.34 4.02 0.84 

Visceral Fat . 28.2 61 . 0.0005 0.18 0.0005 0.020 0.030 0.030 0.080 0.010 - ND 

Alberta (Adult Cemale) 1977 Brain 7.3 81 - . 0.73 0.005 0.020 0.060 0.020 0.35 - 0.030 . 

Liver 2.0 n - 0.005 0.94 0.005 0.060 0.21 o.ozo 0.51 - 0.060 . 

Fat 4.6 70 - 0.020 4.49 0.005 0.080 0.32 0.070 1.94 - 0.220 

• indicatea thal chemical waa nol included in anslyais; ND indicates chemical wu included in analyais but not detected;' l'CBs are presented on the buis of Amelor 1260, otherwisc l'CBs are based on al: 1 mixture of AnlClors 
1254:1260; b methyl mercury 
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- - - - - - - - - - - - - - - - -
Locatioo Vear Tissue % Mercu'I)" 000 ODE DDT Die! liE IICD PCDs Oxy D-IICn MirOlx 

v. ., 

Species: GVRI"ALCON (Fa/co rustkolus) 

W.:sl.:mNWf 1969 D.:hydral.:d egg 46 7.3 Mean - ND 3.42 ND 0.023 0.084 - 3.45' - ND -

NWf (C: Dorset) 1969 Fresh egg 3.6 84 1.43 0.048 9.02 ND 0.17 ,0.057 0.02 25.5' - 1 ND ND 

Yukon 1973 Fr.:sh .:ggs 5.6 81 Mean 0.030 ND 0.39 ND 0.014 0.025 0.027 0.52' - -
#dellN 212 212 212 2/2 212 2/2 

IJÙn 0.0005 0.34 0.010 0.020 0.019 0.27 
max 0.03 0.44 0.020 0.030 0.038 0.99 

Yukon 1973 Addl.:d eggs 7.1 80 Mean 0.025 ND 0.15 ND 0.010 0.13 0.024 0.36 -
#dellN 2/3 3/3 3/3 3/3 3/3 3/3 

min 0.020 0,07 0.010 0.010 0.019 0.17 
max 0.030 0.30 0.010 0.020 0.038 0.58 

NWf (lnuvik) 1974 Addled egg S.3 80 O.OOS 0.007 0.3S 0.076 O.OOS 0.005 0.019 0.40 - 0.020 

Yukon 1975 Fresh eggs 4.2 81 Mean O.OOS 0.005 '0.55 0.005 0.03S 0.020 0.006 0.66 - - 0.0047 
#detlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 3/4 

IJÙn O.OOS O.OOS 0.53 O.OOS 0.030 0.020 ' O.OOS 0.58 0.0005 
max 0.005 0.005 0.S7 0.005 0.040 0.020 0.010 0.77 0.010 

NWf 1980 Egg condilion 7.9 84 - 0.13 5.11 0.0005 0.45 0.27 0.90 10.7 0.43 0.060 
nOl recorded 

NWf (Rankin Inlet) 1981 Addled egg SA 83 2.20 0.13 . 3.49 0.18 1.34 0.30 0.87 16.5 0.45 0.090 O.OI!O 

NWf (Cambridge 1983 Nonviable eggs 6.0 81 Mean - ND 0.021 0.0008 0.003 0.009 0.019 0.090 0.008 0.004 ND 
Bay) #detlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

min 0.014 O.OOOS 0.001 0.006 0.011 0.033 O.OOS 0.002 
max 0.045 0.0030 0.006 oms 0.028 0.14 0.012 0.006 

Langara Island 1971 Brain 6.0 82 0.16 ND 0.S8 ND ND ND 0.030 0.68' - 0.030 
(Neslli~gs) 

Breasl muscle S.3 75 Mean 0.3S ND 1.43 ND 0.010 ND 0.014 1.14' - 0.004 -
#dellN 2/2 212 212 212 .212 212 

min 0.34 1.06 0.010 0.010 0.74 0.0005 
max 0.36 1.94 0.010 0.020 1.77 0.040 

3.7 75 0.68 ND 0.80 ND 0.010 ND 0.010 0.80' - ND 

Fal 58.5 34 Mean - ND 84.0 0.039 0.08S 0.067 1.88 68.4' - 5.54 
#dellN 2/2 212. 2/2 212 212 212 212 

min 73.2 . 0.030 0.080 0.050 1.33 60.7 4.93 
max 96.5 0.050 0.090 0.090 2.66 77.2 6.23 

NWf (Neslling) 1973 Liver 0.4 76 0.005 0.0005 ~~04 0.0005 0.0005 0.0005 0.005 0.14 -

- Îndicaleslbal chelJÙcal wa! nOI included in analysis; ND indicale! chemical was included in analysis but !lot delecled;' PCBs are presenled on Ibe buis of Aroclor 1260, oIherwise PCBs are based on a 1:1 miXlure of Aroclors 
1254:1260; b melbyl mercury 
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LocatioD Year Tissue 'JI, ')1,. Mercury 000 ODE DDT Die! liE IICD PCRs Oxy D-IICII Mire" 
Fat .Water . 

Species: GYRFALCON (Fa/co TUSlleo/us) 

1 Fat 70.6 Il - 0.005 0.39 0.0005 0.020 0.010 0.090 0.73 - ~ -

- indicalcs mat chcmical wu IlOt includcd in analysis; ND indicates chemical was included in analysis but not detected;' PCBs arc prcsented on me buis of Aroclor 1260, oIherwise PCBs are based on a 1:1 mixture of Aroclol'1l 
1254: 1260; b memyl mercury 
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- - - - - - - - - - - - - - - - - - -
location '1> '1> Mercury DDD .. Diel ilE IICD PCBs Oxy B-IICH Mirex 

Fat Water 

Spocies: AMERICAN KESTREL (Folco sparverlusl 

New Brunswick 1967 Egg condition 6.1 80 - 0.28 12.4 0.34 0.44 ND - - - -
not recorded 

Saskatchewan 1967 Fresh eggs 7.0 79 Mean - 0.013 1.11 0.13 0.009 0.26 - - - -
#det/N 415 515 5/5 SIS SIS 

min 0.0005 0.60 0.004 0.002 0.034 
max 0.032 1.76 0.025 0.017 0.47 

Albcrta 1968 . Fresh egg 13.1 72 0.16 0.017 1.89 , - - - -
Albcrta Addled eggs 16.6 64 Mean 0.28 0.16 7.19 0.18 1.00 .2.54 - - - - -

#det/N 2n 2n 2n 2/2 . " 2n 212 
min 0.27 0.11 4.47 0.16 0.80 1.35 
max 0.29 0.22 11.9 0.21 1.25 4.79 

South Ontario 1987 Fresh eggs 7.7 79 ft 'FI"" - 0.0179 0.11 0.022 0.86 0.11 0.0034 0.0603 

Central Ontano 1987 Fresh egg~ 6.5 8\ 0.V\.I.J1I 1 
1 1 

0.009 0.017 0.18 0.027 ND 0.0037 - V.'I'l 

North Ontario 1987 
1 

Pool(5) - ND . 2.80. 
1 

0.081 0.078 0.007 0.35 0.061 0.0049 1.8211 

South Onlario 1988 Pool(IO) - ND 3.83 0.0357 0.042 0.043 0.007 0.32 0.051 0.0046 0.0362 

Central Ontario 1988 F " 1 Pool(9) - ND 0.43 0.0045 '0.066 0.039 0.005 0.17 0.038 ND 0.0546 

Alberta (Adull) June ft - 0.008 0.26 0.015 0.017 0.062 - - - - . 
1968 

0.74 - - - - - . - - - -

Lcthbridge, Alberta August 81 - 0.010 0.079 0.023 0.009 0.020 - - - - -
(Adult) 1968 

Liver - 69 0.46 - - - - - - - - - -

- indicates that chemical was nol inc1uded in analysis; ND indÎcales chemical wu included in analysÎs bul not detecled;' PCBs arc presented on the buis of Aroclor 1260, oIherwise PCRs are based on al: 1 mixture of Aro.:1ors 
1254:1260; b methyl mercury . 
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Location Year Tissue ~ ~ Men:ury DDD DDT Die! HE HCD PCDs· Oxy B-IICH Mirex 
Fat Water 

EG RINE FALCON (Fa/cD peregrinus) 

Eastern Canadian population: 

Montreal 1985 NonvÎable cggs 10.0 75 Mean - 0.034 11.7 0.089 0.78 0.36 0.042 10.3 0.30 0.083 0.103 
IdetlN 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.015 30.1 0.011 0.40 0.16 0.019 4.77 0.11 0.023 0.210 
max 0.085 46.5 0.58 2.21 1.09 0.088 28.0 1.08 0.34 0.747 

Montreal 1986 Fresh eggs 6.2 79 Pool (4) - 0.010 10.25 0.058 0.29 0.26 ND 12.7 0.30 ND 0.211 

Sie Foy 1987 Addled eggs 6.7 80 Pool (8) - 0.005 3.02 0.008 0.050 0.035 ND 7.26 0.14 0.011 0.1611 

New Brunswick (Adult 1969 Brain 7.2 80 - ND 0.17 ND 0.017 0.050 ND 1.28' · ND ND 
female) 

Liver 5.6 68 · 0.050 0.19 ND 0.036 0.061 ND 0.207' - ND ND 

Fal 96.0 3.2 · 1.28 5.18 0.79 0.44 0.16 0.024 2.37" · ND ND 

Eastern Ontario (Adult 1983 Brain 6.7 79 · 0.003 1.31 0.005 0.049 0.10 0.006 0.92 0.085 - -
female) 

Liver 1.7 74 · 0.006 2.45 0.004 0.088 0.10 0.006 3.08 0.18 - -

Breul muscle 4.5 70 · 0.009 10.0 0.026 0.22 0.51 0.017 9.11 0.44 . . 

Ottawa. Ontario 1986 Brain - 79 - ND 0.45 0.001 0.045 0.070 0.87 0.023 0.023 ND ND 
(Juvenile) 

Liver 3.2 72 - 0.003 2.4 ND 0.25 0.68 0.010 5.10 0.061 ND ND 

Ottawa, Ontario 1987 Brain 10.6 80.2 - ND 0.018 ND 0.007 0.002 ND ND 0.001 ND ND 
(Juvenile) 

Liver 4.5 71.9 - 0.001 0.036 ND 0.007 0.042 ND ND 0.025 ND ND 

Western Canadian populations: 

South Alberta 1968 Addled egg 8.0 78 0.361 0.706 21.1 0.614 0.393 0.230 - 8.02' · . . 

North Alberta . 1972 Fresh eggs 7.7 81 Mean 0.36 0.085 41.9 0.14 1.67 0.28 0.061 12.41' · 0.15 -
IdetlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

, min 0.13 0.040 12.6 0.12 0.61 0.20 0.040 9.79 0.13 
max 0.56 0.13 78.5 0.17 2.48 0.42 0.070 14.70 0.17 

• indicates thal chemical wu not included in analysis; ND indicates chemical was included in analysis bul nol delected;' l'CBs are presenled on the basis of Aroclor 1260. otherwise PeBs are based on al: 1 mixture of Aroclors 
1254:1260;' methy1 mercury 
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.. _.- - - - - - - - - - - - - - - -
Location Vear T' 'li Merc:ul)' DDD DDE ....... VI'" liE IICB l'CBs' Oxy B·IICU Min.x 

Water 

Species: PEREGRINE FALCON (FalCD peregrinus) 

Alberta 1974 Fn:sh cgg 3.9 84 0.14 0.007 16.8 0.27 0.63 0.13 0.095 8.56 . 0.07 0.53 

Addl<:d eggs 6.2 77 Mean 0.32 . 0.007 8.16 0.057 0.48 0.12 0.013 5.06 - 0.0093 0.40 
#detlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

min 0.23 0.007 1.86 0.019 0.14 0.030 0.0095 2.34 0.0005 0.12 
max 0.50 0.007 18.4 0.19 1.04 0.29 0.019 8.58 0.06 0.83 

Alberta 1977 Addled cggs 4.4 80 Mean - - 11.1 0.73 0.50 0.37 0.050 7:10 - 0.069 0.327 
#del/N 3/3 3/3 3/3 3/3 3/3 3/3 3/3 313 

min 7.31 0.46 0.20 0.24 0.038 3.27 0.06 0.16 
max 16.9 1.33 0.87 0.52 0.057 11.1 0.09 0.78 

Alberta 1978 Nonviable eggs 3.7 82 Mean - 0.0058 10.4 0.023 0.42 0.22 0.031 5.26 0.089 0.050 
#detlN 2/5 515 SIS SIS 5/5 . SIS 515 SIS SIS 

min 0.0005 5.72 0.010 0.23 0.10 0.û20 3.02 0.070 0.03 
max 0.24 16.5 0.050 1.07 0.38 0.12 9.86 0.12 0.07 

Alberta 1979 Fresh egg! 4.9 82 Mean - 0.016 13.2 .. 0.058 0.32 0.32 0.034 7.51 0.14 0.059 0.196 
#detlN 515 515 SIS SIS SIS SIS 5/5 5/5 5/5 51S 

min 0.010 7.36 0.050 0.24 0.28 0.030 5.55 0.12 0.030 0,120 
max 0.12 18.1 0.070 0.43 0.40 0.040 8.73 0.19 0.070 0.460 

Addled eggs 7.7 82 Mean - 0.085 8.12 0.14 0.33 0.38 0.024 3.95 0.14 ,0,032 0.330 
#detlN 2/2 2/2 2/2 2/2 2/2 2/2 2/2 2/2 2/2 2/2 

min 0.060 8.01 0.080 0.21 0.34 0.û20 3.80 0.13 0.û20 0.320 
max 0.12 . 8,24 0.24 0.51 0.42 0.030 4.10 0.\5 0.050 0.340 

Alberta 1980 Frcsh eggs 3.4 83 Mean . 0.091 14.1 0.0017 0.73 0.38 0.039 DI 0.14 0.10 0.299 
#detlN 3/3 3/3 1/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.0005 10.7 0.0005 0.S4 0.20 0.030 3.47 0.1\ 0.030 0.17 
max 1.39 16.5 0.020 1.13 0.80 0.050 10.5 0.18 0.2\ 0.S4 

Alberta 198\ Fresh eggs S.S 82 Mean 0.27 0.045 8.81 0.087 0.32 0.3S O.OSI 4.30 0.082 0.079 0.272 
#detlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

min 0.12 0.020 2.07 0.û20 O.\S 0.060 0.006 2.6\ 0.030 0.020 0.21 
max ' 0.98 0.\7 29.2 0.64 1.52 2.7\ 1.06 11.7 0.15 0.\5 0.39 

Addled cggs S.2 8\ Mean 0.5\ 0.040 8.91 0.089 0.42 0.7S 0.041 S.31 0.098 0.096 0.243 
#detlN 2/2 2/2 2/2 2/2 2/2 2/2 212 2/2 2/2 2/2 2/2 

min 0.46 O.oJO 8.50 '0.040 0.18 0.60 0.034 2.66 0.080 0.040 0.74 
max 0.57 0.16 9.34 0.20 0.99 0.94 0.049 10.6 0.12 0.23 0.08 

• indicates thal chemical wa! not included in analysis; ND indicates chemical wa! included in analysis bul nol detected;' PCBsare presenled on the buis of Aroclor \260, otherwise PCBs are basedon a 1:1 mixlUre of Aroclors 
1254:1260; L methy\ mercury /,., 
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Loutiou 1 Vear Tissue iii iii Men:liry' DDD DDE DDT Die! HE IICD l'CDs· Oxy D-UCH Mirex: 
Fat Water 

Species: PEREGRINE FALCON (Fa/CD peregrinus) 

Alberta 1982 Fresh eggs 5.1 77 Mean 0.65 0.059 18.3 ND 0.81 1.49 0.16 10.5· - 0.55 0.244 
Idet/N 2/2 2/2 2n 2n 2n 2n 2n 2n 2n 

min 0.37 O.oSO 14.1 0.65 1.19 0.13 8.41 0.43 0.18 
max 1.14 0.070 23.7 1.00 1.87 0.19 13.2 0.70 0.33 

. Addled eggs 5.6 81 Mean 0.33 0.053 4.43 0.063 0.17 0.14 0.016 3.92 0.12 0.035 0.212 
Idet/N 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.27 0.050 2.69 0.050 0.050 0.060 0.011 3.58 0.080 0.020 0.14 
max 0.44 0.060 10.2 0.080 0.76 0 .. 29 0.030 4.48 0.20 0.11 0.38 

Southem Alberta 1967 Breasl muscle 3.8 71 - 0.34 1.84 0.63 Om5 . - . - -
(Adull) 

Northem Alberta 1972 Brain 4.9 83 0.20 ND 0.25 ND 0.040 ND 0.010 ND · . . 
(Nestling) 

Liver 8.4 74 0.76 ND 0.54 ND 0.090 0.010 ND 0.24" · - -
Breast muscle 4.4 77 0.33 ND 0.59 ND 0.040 ND 0.010 0.23' · - -

Fal 70.7 25 - 0.020 40.5 0.030 1.84 0.84 0.010 13.70' - 0.090 -

Northem Alberta 1973 Brain J.J 87 - 0.005 2.26 0.005 0.060 0.010 0.010 1.76 - ND -
(Neslling) 

Liver 1.3 78 0.81' 0.005 3.46 ND omo 0.020 0.010 1.74 - ND 

Yukon Terrilory populalion: -
Pon:upine River 1969 Egg condilion 6.5 82 Mean 0.39 O.06J 36.2 0.044 1.22 0.16 - 7.JO' - 0.188 -

nOI recorded Idet/N 3/3 2/3 3/3 3/3 3/3 3/3 3/3 3/3 
min 0.34 0.0005 13.3 0.019 0.36 0.087 1.07 0.060 
max 0.45 5.05 194.8 0.24 8.00 0.43 68.1 0.551 

Pon:upine River 1972 Addled eggs 7.2 80 Mean 0.27 0.15 24.3 0.010 0.39 0.16 0.016 14.4' - 0.115 -
Idet/N 3/3 3/3 3/3 2/3 3/3 3/3 3/3 3/3 3/3 

min 0.26 0.10 17.9 0.0005 0.23 0.11 0.010 11.7 0.090 
max 0.29 0.33 35.3 0.050 0.83 0.25 0.020 20.4 0.190 

Pon:upine River 1973 Dehydraled egg 35.6 1 22 1.30 0.798 89.1 7.18 2.98 0.46 0.019 35.1' - 0.080 -

Addled eggs 8.7 78 Mean 0.30 0.19 21.7 0.92 1.38 0.16 0.066 8.74' - 0.065 -
Idet/N 2n 2n 2n 2n 2n 2/2 2n 2/2 2n 

min 0.22 0.042 16.3 0.19 0.54 0.010 0.057 8.30 0.060 
max 0.40 0.87 28.9 4.45 3.51 0.35 0.076 9.21 omo 

Peele River 1978 Infertile egg 8.8 74 - 0.040 12.8 0.14 0.12 0.51 0.11 4.54 0.060 0.030 0.48 Il 

- indicales thal chemical was nol included in analysis; ND indicales chemical was included in analysis but not detectedj' PCBs are presented on the buis of Aroclor 1260, otherwise PCBs are based on al: 1 mixture of Aroclors 
1254:1260;· methyl men:ury 
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- - - - - - - - - - - - - - - - - - -
Locaûon Year Tissue F~t 1 w~er Mercury DDD DDE DDT Die! liE UCD PeDs' Oxy D-IICII Mirex 

Sp«Îes: PEREGRINE FALCON (Fa/co peregrinus) 

Yukon Terrilory 1980 Fresh eggs 4.9 80 Mean · ' 0.0097 23.6 0.035 0.466 0.364 0.103 3.98 0.085 0.035 OA90 
fldetlN 1/2 2/2 2/2 2/2 2/2 2/2 2/2 2/2 2/2 212 

min 0.0005 18.1 0.010 0.31 0.25 0.030 3.13 0.080 0.030 OA80 
max 0.190 ' 26.3 0.120 0.700 0.53 O.oJ02 3.13 0.90 0.040 0.500 

Non-viable 8.4 76 Mean · 0.042 24.5 0.123 ' 1.070 0.739 0.083 10.00 0.174 0.108 0.276 
#dctlN 3/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

min 0.0005, 22.3 0.050 0.900 0.40 0.050 5.36 0.100 O.oJO 0,210 
max 0.600 29.1 0.270 2.450 1.53 0.120 30.70 0.180 0.360 0.350 

Porcupine River 1981 Fresh cgg 4.3 0.35 0.010 1 4.0 0.020 0.30 0.040 0.022 3.48 0.040 0.090 0.080 

Addlcd eggs 5.3 81 Mcan 0.24 '0.010 5.25 0.032 0.13 0.065 0.032 3.44 0.049 0.092 0.053 
fldctlN 212 212 2/2 2/2 2/2 212 2/2 2/2 2/2 2/2 2/2 

min 0.19 0.010 4.80 0.020 0.12 0.060 0.015 2;95 0.040 0.070 0.100 
max 0.31 0.010 5.74 0.050 0.14 0.070 0.070 4.01 0.060 0.12 0.280 

Mackenzie River population: 

N. Mackenzie R. 1971 Addled egg 6.0 80 ND 0.090 ND 0;090 ND ' ND , ND ND 0.150' · ND -
N. Mackcnzie R. 1973 Non-viable 6.2 80 Mcan 0.070 0.030 7.80 0.0119 0.462 0.072 0.015 4.69- · 0.014 -

eggs fldetlN 5/6 5/6 6/6 6/6 . 6/6 6/6 6/6 6/6 5/6 
min 0.0005 ' 0.0005 0.35 0.005 0.060 0.040 0.010 0.240 0.0005 
max 0.430 0.260 19.0 0.190 1.190 0.090 0.030 10.7 0.05 

N. Mackcnzie R. " 1974 Addled cggs 7.2 76 Mean 0.29 0.10 14.8 0.17 1.08 0.47 0.059 10.0 ND 0.68 -
fldetlN 2/2 2/2 2/2 2/2 2/2 212 2/2 212 212 

min 0.090 0.007 11.6 0.15 0.45 0.15 0.0095 4.74 0.67 
max 0.94 1.43 18.9 0.19 2.60 1.50 0.36 21.3 0.68 

S. Mackenzie R. 1975 Fresh egg 4.3 79 0.30 0.18 12.2 0.076 0.81 0.45 0.051 14.4 0.14 . 0.320 

Mackenzie River 1976 Fresh eggs 2.7 83 Mean 0:34 0.12 7.44 0.12 0.76 0.42 0.066 13.9 0.144 - 0.229 
fldetlN 212 2/2 212 2/2 2/2 2/2 212 2/2 2/2 2/2 

min 0.29 0.11 6.24 0.038 0.69 0.38 0.057 13.8 0.144 0.210 
max 0.40 0.13 8.87 0.38 Ô.84 0.47 0.076 14.0 0.144 0.250 

Addlcd cgg ! 5.9 80 0.20 O.~~7 0.28 0.080 0.057 5.33 0.14 . 0.120 

N. Mackenzie R. 1977 Fresh egg , 3.6 70 - - 76 1.05 2.10 0.15 5.29 · 0.050 0.230 

N. Mackenzie R. 1980 Infertile cgg 5.6 81 · 0.12 5.39 0.190 0.060 0.080 0.030 ' 4.02 0.060 0.050 0.120 

• indicales thal chemical was nolincluded in analysis; ND indicalea chemical wu included in analysis bul 001 delecled;' PCBs are presenled on the basis of Aroclor 1260, otherwise PCBs are based on al: 1 mixlure of AnlClors' 
1254:1260; b methyl mercury , 
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Locaûon Year Tissue ." ." Mercury DDD DDE DDT Die! liE IICD l'CDs· Oxy IJ..IICII Mirex 
Fat Water 

Species: PEREGRINE FALCON (Fa/co peregrlllus) 

N. Mackenzie R. 1981 Fresil eggs 4.6 . 83 Mean 0.34 0.020 13.6 0.035 0.16 0.25 0.062 6.20 0.14 0.10 O.lS7 
KdetlN 212 212 212 2/2 2/2 2/2 212 212 2/2 2/2 2/2 

min 0.21 0.020 12.5 0.020 0.070 0.11 0.037 3.37 0.10 0.040 0.130 
max 0.54 0.020 14.9 0.060 0.35 057 0.10 Il.4 0.20 0.25 9.190 

Mackenzie R. 1969 Brain 10.7 78 - 0.032 6.51 0.014 0,086 0.021 - - - - -
(Nestling) 

Liver - 76 0.44 - - - - - - - - - -

Whole body 1.1 78 - 0.008 0.97 0.002 0.008 0.002 - - - - . 

Tundrius Peregrine Falcon population: 

Thelon River 1966 Egg condition 4.8 83 Mean 0.41 0.15 1.18 0.26 0.50 - - Il.04' - . 
nOi recorded KdetlN 6/6 6/6 6/6 6/6 6/6 6/6 

min . 0.31 0.001 0.058 0.037 0.011 10.1 
max 0.53 1.23 4.45 1.63 1.76 14.5 

Thelon River 1967 Egg condition 5.9 81 Mean - 0.12 0.32 0.094 0.008 0.0069 - - - -
nOi recorded KdetlN 313 3/3 3/3 313 212 

min 0.042 0.054 0.019 0.0005 0.0005 
max 0.64 4.82 0.88 0.50 0.13 

ThelOD River 1968 Addled eggs 9.8 75 Mean 0.35 1.89 18.8 1.60 0.71 0.20 - 24.4' - - -
KdetlN 3/3 3/3 313 3/3 3/3 3/3 3/3 . 

min 0.23 1.18 13.5 0.97 0.51 0.16 14.7 
max 0.57 3.84 23.7 3.05 \.36 '0.26 42.9 

Fresil eggs 6.8 79 Mean 0.199 0.319 3.24 0.372 0.196 0.059 - 652' - - -
KdetlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

min 0.010 0.091 0.275 0.050 0.007 0.009 1.39 
max 0.67 1.19 9.53 1.34 1.42 0.66 26.2 

Thelon River 1969 Addled eggs 5.8 77 Mean 0.36 0.29 32.5 0.14 1.42 0.37 - 4.29- - 0.289 -
KdetlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

min 0.24 0.054 9.98 0.074 0.39 0.23 \.29 0.127 
max 0.48 \.03 94.5 0.42 2.62 0.60 19.5 0.646 

Thelon River 1972 Fresil egg 8.8 79 0.50 0,020 8.20 0.090 0.36 0.24 0.010 7.77" - 0.080 -

Bathurst Inlel 1973 Addled eggs 24.4 45 Mean 0.20 0.20 17.1 0.72 1.42 0.27 0.14 14.67' - 0.053 -
KdetlN 2/2 2/2 212 2/2 2/2 2/2 2/2 212 2/2 

min 0.13 0.070 5.74 0.68 0.47 0.080 0.076 5.81 0.000 
max 0.30 0.55 51.0 0.76 4.27 0.92 0.27 37.0 0.140 

- indicates thal chemical wa. nOI included in analysis; ND indicates chemical was included in analysis bul nOi delecled;' PCBs are presented on the basis'of Aroclor 1260, otherwise PCBs are based on a 1:1 mixture of Aroclors 
1254:1260; b methyl mercury 
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- - - - - - - - - - - _.- - - - - - -
Locatiou Yeu Tissue % % Mercury DDD DDE DDT Die! liE IICD PCDs' Oxy D-IICU Mirex 

Fat Water 

Species: PEREGRINE FALCON (Falco peregrinus) 

Bathurst Inl~t 1975 Addlc:d c:ggs 6.9 80 Mean 0.17 0.073 12.2 0.049 0.54 0.45 0.039 10.4 - - 0.269· 
#dct/N 3/3 3/3 3/3 3/3 3/3 , 3/3 3/3 3/3 3/3 

min 0.090 0.060 9.56 0.040 0.37 0.18 0~030 8.95 0.130 
max 0.26 0.11 13.9 0.060 0.78 1.57 0.050 13.2 0.440 

Wager Bay 1976 Non·viable 13.6 69 Mean 0.243 0.064 9.20 0.195 0.452 0.476 0.036 14.50 0.031 . 0.0043 
eggs . #det/N 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 1/3 

min 0.13 0.007 2.81 O.oJ8 0.14 0.13 0.0095 3.07 0.009 0.0005 
max 0.37 0.27 17.2 0.57 1.30 3.76 0.13 80.7 0.090 0.330 

Northwest Tenitories 1980 F~sh.eggs 6.7 80 Mc:an 0.021 7.48 0.0196 0.52 0.36 0.056 6.81 0.13. 0.084 0.161 
#dct/N SIS SIS 4/5 515 515 515 515 515 515 SIS 

min 0.0005 4.30 0.0005 0.12 0.14 0.020 3.07 0.060 0.020 0.10 
max 0.16 12.4 0.230 1.97 1.73 0.35 14.9 0.20 0.34 0.29 

Addlcd cgg 7.1 81 . - ·0.020 . 5.66 0.130 0.70 2.07 O.oJO 6.12 0.17 0.12 0.210 

Thelon Riv .. r 1981 Fresh egg. 7.4 79 Mean 0.18 . 0.20 10.6 0.088 0.87 0.24 0.060 10.5 0.15 0.046 0.171 
#dct/N 4/4 4/4 4/4 3/3 4/4 4/4 4/4 SIS 4/4 4/4 4/4 

min 0.11 0.020 4.95, 0.030 0.36 0.15 0.018 6.75 0.11 0.010 0.10 
max 0.42 0.45 18..5 .0.15 2.89 0.51 0.17 13.7 0.21 0.37 0.38 

Addlcd egg 7.4 .78 0.42 0.12 9.71 0.17 0.58 0.25 0.028 14.3 0:19 0.13 0.64 

Ranldn Inlci 1982 Fre!ih eggs 5.4 79 Mean 0.17 0.053 5.76 0.059 0.52 0.67 0.038 15.9 0.24 0.11 .0.238 
Idet/N 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 J/3 J/J 3/3 

min 0.10 0.020 5.05 0.020 0.32 0.J9 0.026 11.8 0.23 0.050 0.14 
max . 0.28 0.J7 6.JO 0.15 0.88 1.S4 0.059 22.3 0.25 0.32 0.33 

Baffin Island ! 1969 Addled egg 7.3 74 0.42 NO 12.7 NO 0.52 0.060 O.ooJ 12.4" - NO ND 

Thelon River (Adull 1966 Brain 5.3 73.2 - 0.124 \.68 0.001· 0.364 . . . . . 
female) 

Breast muscle J.7 86.1 . 0.077 2.90 .321 0.287 - . . - - . 

Subcut fat 42.3 50.0 - 25.J 183.0 23.9 39.8 - - . . - -

Liver 4.4 75.J - 0.297 9.64 0.564 1.4J - - -

Body muscle ·2.5· 82.1 . 2.52 45;9 3.67 2.50 . - -

- indicates th8t chemical was not included in.ana.lysis; NO indicates chemic81 was included in analysis but nol detected;' PCBs are presented on the basis of Aroclor 1260, otherwisc PCBs are b86ed on al: 1 mÎltlUre of Aroclors 
1254:1260; b methyl mercury '.f,"& 
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LocatioD Year Tissue % ~ . , . HE HCD PeDs· Oxy B-HCH Mirex 
Fat Waler 

Species: PEREGRINE FALCON (Fa/co peregrinus) 

Bathurst Inlet, NWf 1969 Brain 5.2 85 Mean . 0.014 0.929 0.0075 0.052 0.040 - 0.335" · ND . 
(Nesllings) #detlN 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.006 0.127 0.005 0.016 0.021 0.076 
max 0.032 6.51 0.014 0.100 0.096 1.40 

Liver - 75 Mean 0.320 . . . - . . - - -
#detlN 3/3 

min 0.160 
max 0.469 

1-.:g muscle 1.5 80 Mean - 0.0054 0.494 0.0018 0.019 0.0054 - 0.061" - ND -
#detlN 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.004 0.175 0.001 0.008 0.002 0.037 
max 0.008 0.974 0.003 0.053 0.011 0.108 

Fat 62.0 34 . 0.22 18.0 0.13 0.84 0.53 . 3.15" - 0.248 -
Coral Harbour 1974 Brain 4.2 87 Mean 0.039 0.005 1.36 0.010 0.15 0.069 0.005 2.07 · ND 
(Nestlings) #detlN 212 212 212 212 2/2 2/2 212 212 

min 0.030 0.005 I.J3 0.010 0.\3 0.060 0.005 1.95 
max 0.050 0.005 1.39 0.010 0.17 0.080 0.005 2.19 

Liver 2.6 77 Mean 0.48 0.0016 9.54 0.007 0.92 0.55 0,020 6.96 · ND -
#detlN ln 2/2 2/2 2/2 2/2 2/2 2/2 2/2 

min 0.41 0.0005 7.0 0.005 0.59 0.29 0.020 5.14 
max 0.56 0.005 13.0 0.010 1.42 1.06 0.020 9.43 

Ranldn Inlet (Adull 1981 Brain 7.0 79 0.35 0.050 13.9 0.25 2.03 2.08 0.10 59.0 1.10 37.0 0.48 
male) 

Liver 2.9 73 1.85 0.35 84.2 0.090 2.97 2.98 0.17 208.0 1.41 132.0 3.08 

Breasl muscle 1.0 74 0.80 0.17 47.1 0.070 1.39 1.43 0.083 111.0 0.74 68.4 1.96 

.• indicates that chemical WB9 not included in analysis; ND indicatea chemical waa included in analY8is but not detected;' l'CBa are presented on the basis of Aroclor 1260, otherwisc l'CBs are based on al: 1 mixture of Aroclors 
1254:1260;' methyl mercury 
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... _.- - - - - - - - - - .. - - - - - -
LocalÎon 'li> 'li> Mercury DDD DDE DDT DieJ IIF. . Oxy D.lleU Mirex 1 

" Fat Waler 

Species: PEREGRINE FALCON (Fa/co peregrinus) 

Keewatin (Adults) 1966 Brain 4.5 81 Mean . 0.009 0.43 . 0.008 0.10 - - - - - -
#detlN 212 212 212 2/2 

min 0.001 0.36 0.001 0.068 
max 0.077 0.51 0.058 0.15 

Liver 2.7 71 Mean - 0.17 1.57 0.100 0.46 - - - - -
#detlN 2/2 2/2 212 212 . 

min 0.116 0.67 0.010 0.17 
max 0.245 3.71 0.995 1I.28 

Breasi muscle 4.8 75 Mean - 0.078 2.83 0.39 0.75 - - - -
#detlN 212 212 2/2 2/2 

min 0;010 2.08 0.31 0.45 
max 0.60 3.85 0.49 1.26 

Fa! 65.8 28.4 Mean - 4.77 71.2 6.32 16.15 - - . - - -
#detlN 

1 
212 212 2/2 2/2 

min 1.13 66.4 1.7 12.3 

max 20.1 76.3 23.5 21.2 

Whole body 4.9 75 Mean - 0.443 4.46 0.216 1.12 - - - - . 
#detlN 212 2/2 212 . 2/2 

min 0.374 3.63 0.210 0.714 
max 0.52S 5.47 0.222 . 1.76 

Ovaries 7.3 78.1 - 0.786 9.83 O. - . -
III III 1 

Northem Quebec population: 

Ungava Bay 1967 Egg condition 5.0 79 Meàn - 0.49 9.74 0.61 0.81 ND - - - - -
nol recorded #detlN 10110 10110 10/10 10/10 

min 0.23 4.63 0.18 0.27 
max 1.05 27.0 1.59 1.91 

Ungava Bay 1975 Addled eggs 6.8 81 Mean 0.29 0.24 11.8 0.093 0.99 0.21 0.033 13.6 - -
#detlN 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

min 0.15 0.098 4.32 0.076 0.41 0.13. 0.019 6.51 
max 0.71 0.49 19.6 0.11 1.86 0.31 .0.057 38.5 

- indicales thal chemical was not included in analysis; ND indicales chemical was included in analysis bul nol detecled; 1 PCBs are presenled on the baais of Aroclor 1260, otherwise PCDs are based on al: 1 mixture of Aroclors 
1254: 1260; b methyl mercury ;, 
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Location Year Tissue 'li> 'li> 1 Mercury 000 ODE DDT Diel liE UCD c xy B-IICn Mira 
Fat Water 

Species: PEREGRINE FAtCON (Fa/co peregrinus) 

Ungava Bay 1984 Fresh Ilggs 4.1 19 Mean - 0.056 4.26 0.0036 0.31 0.33 0.025 3.48 0.12 0.015 0,133 
IdetlN 4/4 4/4 2/4 4/4 4/4 4/4 4/4 4/4 3/4 4/4 
. min 0.019 1.61 0.0005 0.14 O.IS 0.016 1.61 0.Q50 0.0005 0.045 

max 0.32 13.8 0.028 0.52 1.34 0.046 5.63 0.20 0,034 0.232 

Addled eggs 6.3 16 Mean - ND S.48 0.021 0.S2 0.46 0.051 31.9 0.19 0.015 0.181 
#detlN 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 J/3 

min 5.20 0.025 0.50 O.4S 0.049 31.5 0.18 0.014 0.111 
max 5.62 0.029 0.54 0.48 0.053 32.2 0.20 0.106 0.189 

Ungava liay 1986 Fresh eggs 6.1 1S Mean - 0.041 8.64 0.022 1.44 0.54 0.01S 16.8 0.26 0.044 0.339 
#detlN 3/3 3/3 3/3 3/3 3/3 3/3 3/3 J/3 3/3 3/3 

min 0.030 1.43 0.006 0.84 0.31 0.054 14.1 0.22 0.014 0.019 
max 0.051 10.6 0.066 2.61 0.94 0.11 21.3 0.31 0.088 1.120 

Ungava Bay (Biopsies 1961 Fal 94 - Mean - 6.08 284.6 16.2 8.60 ND - . - . · 
·from breeding females) #detlN 8/8 8/8 8/8 8/8 

min 0.66 193.1 4.Jl 2.41 
max 21.3 552.0 3S.8 12.4 

British Colurnbian population: 

Langara Island 1965 F.-csb cgg. 8.0 18 Mean 1.01 0.33 5.41 0.41 0.075 ND · 25.6" · · 
#detlN 2n 2n 212 2n 2/2 2n 

min 0.85 0.25 4.02 0.31 0.061 22.6 
max 1.21 0.42 1.28 0.56 0.083 28.9 

Langara Island 1961 Fresh eggs 5.1 82 Mean - 0.14 2.31 0.19 0.061 ND · . · . 
IdetlN 2n 212 212 2n 

min 0.031 2.24 0.054 0.051 
max 0.53 2.39 0.68 0.019 

Lang ara Island 1969 Fresh egg 4.3 84 0.68 ND 10.9 0.036 0.064 0.022 - 4.38" · 0.121 -

Addilld eggs 6.1 19 Mean 0.51 0.0012 19.0 0.16 0.094 0.029 · S.2O' · 0.254 
#detlN 3/3 2/3 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.44 0.0005 IS.O 0.081 0.044 0.011 4.61 0.118 
max 0.16 0.031 25.1 0.24 0,16 0.049 S.51 0.421 

Langara Island 1910 Eggcondilion 1.S 18 Mean 0.4S 0.0082 4.09 0.063 0.081 ND 0.016 2.m" · ND 
not recorded IdetlN 2/2 112 2n 212 2/2 212 212 

min 0.040 O.OOOS 0.51 0.046 0.055 0.008 0.150 
max S.OO 0.135 29.3 0.086 0.12 O.oJO 30.4 

Langara Island 191\ Fresh egg 4.8 85 0.9\ ND 11.5 ND 0.010 1 0.030 0.11 \0.2" 0.120 · 

- indicates ihat ctiemical was not included in a08IY81.; ND indicales chemieal was included in a08lysis bUI not detecled;' l'CBs are presented on the buis of Aroclor 1260, otherwise l'CBs are based on al: 1 mixture of Aroclors 
1254:\260; b methyl mercury 
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.. - - - - - - - - - - - "- - - - - - -
Location Vear 

1 F~t 1 
~ DD DDE DDT Die. HE IICD "PCDs" o..:y D-UCn Mirex 

Water 

Species: PEREGRINE FALCON (Fa/co peregrinus) 

Langara Island 1912 Addled cgg ~ 78 0.70 ND 24.0 0.020 0.040 0.010 0.23 35.5" - 0.510 -

Langera Island 1986 Nonviabk eggs 5.2 83 Mean - 0.010 5.84 0.012 0.027 0.040 0.14 855 0.15 0.47 0.062 
#det/N 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

min" 0.007 " 5.26 0.005 0.023 0.037 0.074 7.97 0.13 0.42 0.049 
max 0.015 6.57 0.030 0.036 0.043 0.19 9.80 0.17 056 0.017 

Langara Island (Adult) 1966 Brain 0.9 93 .. 0.101 0.250 0.172 0.009 ND - - - -

Breast muscl~ 2.4 88 - 0.34 1.65 0.31 0.033 ND - - - -

Langara Island 1969 Brain 3.1 87 " Mean - 0.005 2.16 0.006 0.0039 ND - 0.494" - 0.045 
(Nestlings) #det/N 2/2 2/2 2/2 2/2 2/2 212 

min 0.005 \.83 0.003 0.003 0.405 0.044 
max 0.005 2.55 0.010 0.005 0.602 0.046 

Uver 1.8 76 Mean - 0.007 4.99 0.006 0.019 0.007 - 0.321' - 0.100 -
#detlN 2/2 2/2 2/2 2/2 212 212 212 

min 0.005 4.83 0.005 0.014 0.006 0.088 0.096 
max 0.009 5.16 0.008 0.025 0.008 1.17 0.105 

Breast muscle 1.6 78 Mean - 0.008 2.47 0.006 0.004 ND - 0.387" - 0.035 
#det/N 2/2 212 2/2 2/2 111 212 

min 0.006 1.95 0.003' 0.002 0.026 
max 0.010 3.12 0.014 0.008 0.047 

Whol;; sample 3.9 79 - ND 19.1 0.056 0.091 0.036 - 3.24' - 0.337 -
Langara Island 1971 Brain 6.0 85 0.14 ND 0.53 ND ND ND ND 0.450" - ND -
(Nesllings) -

Uver 6.0 75 0.61 ND 0.94 ND 0.010 ND 0.020 0.810" - ND 

- jndicales thal chemical WBS not included in Bnalysis; ND indicates chemical was included in analysis but not delecled;' l'CDs are presented on the buis of Aroclor 1260, otherwise l'CDs are based on a 1:1 mixture of Aroclors 
1254:1260;' methyl mercury . :~ 
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LocatioD Year Tissue 'iL 'iL Mercury DDD DDE DDT Diel liE IICR PCRs Oxy R-IICII Mirex 
Fat Water 

Spocies: TURKEY VUL TURE (Ca/hartes aura) 

Ontario (Adult) 1970 Liver - - Mean 30~81 - - - - - - - - - -
#detlN 3/3 

min 12.1 
max 60.4 

Breast muscle - - Mean 17.39 - - - - - - - - - -
#detlN 2n 

min 16.0 
max 18.9 

- indicates that chemical was not includcd in analysis; ND indicates chcmical was includcd in analysis bul nol dclecled;' PCBs are prescnted on the buis of Aroclor 1260, othcrwisc PCBs are bascd on a 1:1 mixture of Aroclors 
1254:1260;· methyl mcrcury 

218 

- - - - - - - - - - - - - - - - - - -



- - - - - - - - - - - .. - - - - - - -
LocalÎon Year 

1 
Tissue % % Men:nry DDD DDE DDT Diel HE IIC ~-~ B-IICII Mirex 

Fat Water 

SPecies: COl\1MON BARN OWL (Tyto a/ha) 

British Columbia 1984- Liver 3.7 67.5 Mean 0.128 0.0118 0.553 0.0056 0.326 0.0365 - 0.482 - ND 0.0041 

85 #deliN 8/8 7/8 8/8 6/8 8/8 8/8 8/8 5/8 
min 0.029 0.0005 0.20 0.0005 0.0005 0.010 0.09 0.0005 
max. 0.884 0.050 4.29 0.020 0.140 0.080 3.52 0.06 

- indicates that.chemical was not included in analysis; ND indicales chcmical was included in analysis but not dctected;' l'CBs are presenled on the buis of Aroc1or 1260, othcrwise l'CBsare based on a 1:1 mixture of Aroclors 
1254:1260; b methyl mercury 
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LocatioD Year Tissue .. .. Mercury DDD DDE DDT Die! liE IIC8 l'CDs Oxy 8-IICII aM' 
Fat Water 

Species: LONG-EARED OWL (Asio olusl 

Saskatchewan 1961 Fn:sh eggs 3.1 83.6 Mean - 0.004 0.135 0.0045 0.(XJ89 0.0115 - - - - -
#detiN 212 212 212 112 212 

min 0.004 0.193 0.004 0.0005 0.012 
max 0.004 0.486 0.005 0.159 0.011 

Saskatchewan 1968 Fresh egg - 80 Mean 0.043 - - - - - - - -
#detiN 212 

min 0.041 
max 0.046 

Saskatchewan 1968 Fresh egg 5.0 83.3 0.025 0.045 3.06 0.053 0.022 
1 ND - - - - -

Saskatchewan 1969 Addled egg 5.3 19.1 Mean - 0.0006 0.404 0.003 0.0168 0.009 - 0.063' - ND -
#detiN 1/3 3/3 2/3 3/3 3/3 3/3 

min 0.0005 0.078 0.0005 0.001 0.005 0.013 
max 0.001 1.86 0.014 0.034 0.018 0.348 

Fn:sh cgg 4.0 80) - 0.004 1.46 ND 0.013 ! 0.01l - 0.046' ND -
Saskatchewan 1961 Brain 1 4.8 86.1 - 0.004 0.145 0.001 0.022 ND - - - - -

Bn:ast muscle 5.6 18.9 - 0.035 0.244 0.030 . 0.042 0.03 - - -

- indicates Ibal .hemieal was not included in analysi,; ND indiealea ehemic81 wu includcd in 81181ysÎa bul not dctCClcd;' PCBs are preaenled on Ibe buis of Arnclor 1260, oIherwiae PCBs are baaed on al: 1 mixture of Aroclors 
1254:1260; b melbyl mcrcury 
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.. - - - _.- - - - .. - - - - - - _.- -
LocatioD Year Tissue % % Mercury DDD DDE DDT Diel liE DCB PeBs Oxy B-IICn Mirex 

,"'at Waler 

Species: SIIORT-EARED OWL (Asio j1ilmmeus) 

Saskatchewan 1969 Addled eggs 8.0 78.7 Mean - 0.0036 4.175 0.0057 0.122 0.039 - 0.100' - 0.0032 
#detiN 4/5 5/5 515 5/5 515 5/5 2/5 

min 0.0005 2.14 0.002 0.025 a.ol6 0.029 0.0005 
max 0.016 7.62 0.013 0.945 0.108 0.319 0.066· 

Alberta 1969 Egg condition 6.7 81 - 0.018 3.63 0.012 0.034 0.028 - - ND -
not recorded 

Saskatchewan (Aduh) 1967 Gonad 4.1 77.6 - ND 1.15 0.021 ND 0.131 - - -

Subaut. fal 81.3 18.7 - 0.007 0.225 0.015 0.029 0.050 - - - -

Alberta (Aduh) 1968 Liver - 69.6 3.468 - - - - - - - - - -
3/3 
0.42 
11.3 

British Columbia 1968 Breast muS(;le 4.1 69.3 Mean - 0.012 0.221 0.062 0.0135 ND - . - -
(Aduh) #detiN 2/3 3/3 3/3 .' 3/3 

min 0.0005 0.038 0.020 0.007 
max 0.104 2.69 0.227 0.032 

Brain 5.2 78 Mean - 0.0088 0.060 0.0148 0.0041 ND - - . - -
#detiN 3/3 3/3 JIJ 3/3 

min 0.002 0.011 0.002 0.001· 
max 0.034 0.426 0.077 0.017 

• indicates Ihal chemical was nol included in analysis; ND indicateschemical was included in analyais bUI nol detecled;' PCBs are presenled on the basis of Aroclor 1260, olherwise PCBs are based on a 1:1 mixture of Aroclors 
1254:1260; b melhyl mercury 
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Locatioo. Vear Tissue % % Mercury DDD DDE DDT Diel liE IICD PeDs Oxy D-IICIf Mirex 
Fat Water 

Species: GREAT 1I0RNED OWL (8ubo ~lrglnianus) 

Saskalch~wan 1967 Nonviabl~ eggs 8.4 73.4 Mean - 0.055 \.37 0.063 0.055 0.037 - - - - -
#dellN 13/13 131\3 13/13 13/13 101\3 

min 0.006 0.073 0.011 O.QJI 0.0005 
max 0.625 15.3 0.737 0.763 \.83 

Fresh eggs 5.2 74.9 Mean - 0.041 \.012 0.054 0.082 0.044 - - - - -
#dellN 2/2 2/2 2/2 2/2 2/2 

min 0.032 0.702 0.047 0.043 0.013 
max 0.052 \.46 0.063 0.156 0.\S2 

Saskalch~wan 1968 Fresh eggs 5.5 74.1 M~iln 0.091 0.048 0.651 o.04i 0.107 .326 - - - - -
#d~IIN 3/3 3/3 3/3 3/3 3/3 3/3 

min 0.073 0.033 0.209 0.032 0.019 0.121 
max 0.121 0.084 \.29 0.062 0.264 \.88 

Saskalchewan 1968 Addl~d eggs I\.S 71.7 Mean 0.0139 0.108 3.39 0.\01 0.231 0.434 - - - - -
#dellN 3/4 4/4 4/4 4/4 4/4 4/4 

min 0.0005 0.046 0.044 0.044 0.092 0.177 
max 0.121 0.402 0.368 0.368 0.598 1.48' 

NWf, Disl1;cl of 1968 Egg condilion 14.3 68.7 \.94 0.072 \.S2 0.043 0.103 0.254 - - - --
Mackenzie nOI recorded 

Onlario 1968 Non-viabl~ egg 5.8 80.5 - 0.120 0.847 0.\04 0.217 ND - - - - -

Saskalchewan 1969 Fresh egg 6.3 75.3 - 0.925 13.9 0.039 0.115 0.357 - 2.18" - ND -

Saskalchewan 1969 Addl~d ~ggs 7.2 74 Mean - 0.0089 4.25 0.0063 0.117 0.114 - 0.520- - 0.0034 -
#dellN 6/6 6/6 5/6 6/6 6/6 6/6 3/6 

min 0.006 \.17 0.002 0.053 0.021 0.041 0.0005 
max 0.023 12.6 0.048 0.214 0.455 \.81 0.032 

Saskalchewan 1970 Addl~d egg 7.8 76.2 0.07 0.049 16.2 ND 0.239 0.214 0.017 2.41" - ND ND 

Alberta 1970 Fresh egg 6.9 8\.6 - 0.064 0.895 0.066 0.166 0.964 - - - ND ND 

Saskalchewan (Aduh) 1967 Ovaries 2.0 78.4 . 0.009 0.387 0.04 0.013 0.014 . - - - -

Subcul. fal 7\.4 28.1 - 0.153 22.6 0.208 \.09 \.04 - - - -

Breasl muscle 0.9 72.8 . 0.004 0.609 0.013 ND ND . . - - -

Brain 5.6 8\.8 - 0.009 0.212 0.006 0.023 0.010 - - - - -

Onlario (Aduli) 1968 Liver - 70.0 \.44 - - - - - - - - - -

- indicales that chemical was nol included in analysis; ND indicales chemical was inc\uded in analysis bUI nol delecled;" PCBs are presenled on the basis of Aroclor 1260, otherwise PCBs are based on al: 1 miXlure of Aroclors 
1254:1260;' methyl mercury 
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- - - - - - - - - - - - - - - - - - -
LocatioD Year Tissue ~ .'1> Mercury 000 ODE DDT Die! liE HCD PCDs 0"1 Mirex 

Fat Water 

Species: GREAT IIORNED OWL (Bubo ~lrglnlanus) 

Saskatchewan 1969 Brain 4.0 86.3 - ND 0.039 0.002 0.003 0.006 . 0.012" - ND 
(Nestling) 

New Brunswick. 1969 Brain' 6.2 81.3 - 0.006 0.184. 0.0042 0.0028 ND - - - ND -
(Aduh) 2/2 2/2 212 212 

0.003 0.097 0.002 0.002 . 
0.013 0.348 0.009 0.004 

Alberta (Neslling) 1970 Liver 4.0 72.7 0.076 0.743 0.084 0.097 0.167 - - ND ND 

- indicates that chcmical wu not includcd in analysis; ND indica\c8 chcmical was includcd in ilnalysÎs but n~ de!cctcd;' l'CBs are prescnted on the baais of Aroclor 1260, otherwisc l'CBa are bascd on al; 1 mixture of Aroclors 
1254: 1260;' mcthyl mcrcury . . '. '. 
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LocatioD Year Tissue 'JI, 'JI, Mercury DDD DDE DDT Diel fIE lieD PeDs Oxy B-f1CH Mirex 
. Fat Water 

Species: BURROWING OWL (Alhene cunkularia) 

Saskal~hewan 1968 Fresh egg 17.8 6S.6 Mean 0.112 0.006 0.678 0.019 0.420 O.JSS - - - - -
#dellN 

min 
max 

Alberta (Adult) 1968 Brain 6.6 78.3 Mean - O.OI2S 1.078 0.024 0.0192 0.092 - - - - -
#dellN 3/3 3/3 3/3 3/3 3/3 

min O.OOS 0.797 0.017 0.002 0.014 
max 0.028 1.9S 0.031 0.272 0.70S 

Liver - 71.3 Mean 1.77S - - - - - - - - - -
#dellN 3/3 

min 0.729 
max 1.23 

- indicales \hal che mie al wu nOI includcd in analyais; ND indicalea chemical wu included in analysis but not detected;' l'CBa arc· prcscnted on \he buis of Aroclor 1260, o\herwisc l'CBs arc bascd on al: 1 mixlurc of Aroclors 
12S4:I260; b. mc\hyl mcrcury 
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APPENDIX B 

CHEHICAL NAMES OF ORGANOCHLORINES DISCUSSED IN THIS REPORT: 

DDT 

000 

DDT. 

Dieldrin 

Heptachlor epoxide 

Mirex 

Oxychlordane 

Chlordane 

Nonachlor 

HCB 

HCH 

Endrin 

peBs 

l,l,l-trichloro-2,2-bis(p-ch1orophneyl)ethane 

l,l-dichloro-2,.2-bis(p-chloropheny)ethane 

1,1-dich1oro-2,2-bis(p-chloropheny1)ethylene 

1,2,3,4,lO,lO-hexachloro-6,7-epoxy-l,4,4a,S,6,7,S,Sa
octahydro-l,4-endo-exo-S,S
dimethanonaphthalene 

l,4,S,6,7,S,Sa-hexachloro-2,3-epoxy-3a,4,7,7a-
tetrahydro-4,7-methanoindane . 

Dodecachlorooctahydro-l,3,4-metheno-1H-cyclo-buta 
[cd]pentalene 

1~exo~2-endo-4,S,6,7,S,Sa-octachloro-2,3-exo-epoxy-
2,3,3a,4,7,7a-hexahydro-4,7-methanoindane 

1,2,4,S,6,7,S,S-octachloro-3a,~,7,7a-tetrahydro-4,77 
methanoindane (cis and trans isomers) 

1,2,3,4,S,6,7,S,S-nonachloro-3a,4,7,7a-tetrahydro-
4,7-methanoindane (cie and trans ieomers) 

Hexachlorobenzenè 

1,2,3,4,S,6-hexachlorocyclohexane (alpha, beta and 
gamma isomers) . 

l,2,3,4,lO,lO-hexachlorocyclohexane-6,7-epoxy-
1, 4, 4a,S,6,7,S,Sa-octahydro-1,4-endo
endo-S,S-dimethananaphthalene 

Mixtures of polychlorinated biphenyl differing in 
the amount of chlorine present. 
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