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Executive Summary 

As one of five binational Areas of Concern (AOC) on the Great Lakes, the St. Lawrence River AOC was 

identified as a problem area in the 1970s following historical localized industrial activities which 

degraded water and sediment quality and impaired a number of beneficial uses of the aquatic system 

including the health of fish and wildlife populations. Over the last twenty years on the Canadian side of 

the AOC in Cornwall (Ontario), the development and implementation of a Remedial Action Plan (RAP) 

has worked to address major environmental issues within the AOC and restore these beneficial uses. The 

purpose of this report is to examine the current status and trends of aquatic wildlife which feed 

predominately within the St. Lawrence River (Cornwall) AOC and which are also sensitive to the toxic 

effects of contaminants in the aquatic environment. These Great Lakes sentinel species, studied 

extensively by the Canadian Wildlife Service (CWS), include snapping turtles (Chelydra serpentina), 

herring gulls (Larus argentatus), and mink (Mustela vison).   

 

Considered one of the major environmental concerns within the St. Lawrence River (Cornwall) AOC, 

elevated mercury levels were detected in snapping turtles (eggs), herring gulls (eggs) and mink (liver) 

within the AOC relative to other Great Lakes locations. No significant differences in mean mercury 

concentrations however were found between samples collected from within the AOC versus those from 

upstream non-AOC reference locations. Elevated levels of mercury were found in some mink from 

Cooper Marsh relative to other sites within the AOC, however, the apparent source of mercury (i.e., 

natural versus upstream industrial source) is unclear in this wetland. While mercury levels in eggs of 

herring gulls from Strachan Island decreased by nearly 26% from 1986 to 2007, this decline was not 

significant using regression analysis possibly as a result of ambient pollution arising from sources 

upstream and from the Great Lakes via Lake Ontario. Significant differences in levels of some metals 

(e.g., mercury) in mink trapped between two sampling periods in 1999-2001 and 2006 were likely due to 

differences in mink trapping locations within the AOC which may have biased the data toward higher 

metal concentrations during the early trapping period. Of all organochlorines, PCBs were found in the 

highest concentrations in tissues and, with one exception (i.e., in snapping turtle eggs from Snye Marsh), 

were low overall relative to levels reported in the same species at other Great Lakes sites. Similar to 

mercury, mean levels of PCBs and most organochlorine pesticides were statistically similar in wildlife 

collected from within the AOC and from upstream non-AOC locations. Polybrominated diphenyl ether 

(PBDE) flame retardants, as a new set of compounds of recent concern, were detected in herring gulls, 

snapping turtles and mink. In turtles, significantly higher PBDE concentrations were found in eggs from 

the Raisin River (i.e., inside the AOC) compared to levels found at the upstream non-AOC reference 

location (i.e., Upper Canada Bird Sanctuary). Differences in mean levels of some organochlorine 
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pesticides (e.g., oxychlordane, dieldrin) and selenium were also found in liver of mink from within the 

AOC compared to outside of the AOC. Finally, PCBs, mercury and other metals found in liver of mink 

from within the AOC (including Cooper Marsh) were found below lowest effect levels where thresholds 

are available.  

 

Overall, large population-level effects associated with contaminant exposure were not found in aquatic 

wildlife feeding in the St. Lawrence River (Cornwall) AOC. Strachan Island located upstream of the AOC 

is an important nesting site for colonial waterbirds supporting five species and approximately one-half of 

all birds nesting on the Canadian side of the St. Lawrence River in 2008. Large declines in levels of 

contaminants in herring gull eggs from Strachan Island in the last twenty years and the high diversity and 

abundance of colonial waterbirds nesting on the Island suggests that contaminants do not appear to be a 

limiting factor for nesting populations feeding in and around the AOC. Declines in nest numbers of some 

colonial waterbird species reported at sites downstream and within the AOC may be more associated with 

human and predator influences. Endpoints associated with impaired reproduction and development (e.g., 

decreased hatching success and high deformity rates in turtles, low egg viability in gulls) and which have 

been typically associated with exposure to high levels of contaminants were not significantly different for 

species found within the AOC versus those from upstream non-AOC locations. However, subtle 

physiological health effects at the individual level were found in some species within the St. Lawrence 

River AOC as well as at other AOCs within the Great Lakes (e.g., vitellogenin detected in males and 

decrease in stress response in herring gulls, large liver index in mink).  
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Introduction 

As one of the largest rivers in the world, the St. Lawrence River serves may critical functions including 

draining all five of the Great Lakes as water travels to the Atlantic Ocean. The St. Lawrence River Area 

of Concern is one of 40 currently identified Areas of Concern (AOCs) in the Great Lakes basin where 

localized degradation of water quality and bottom sediments have impaired beneficial uses of the aquatic 

environment. The St. Lawrence River AOC includes a stretch of the St. Lawrence River approximately 80 

kilometres long from the Moses-Saunders power dam in Cornwall, Ontario, downstream to the eastern 

outlet of Lake St. Francis at the Beauharnois Dam in Valleyfield, Québec. The watershed of the AOC 

includes Ontario tributaries which drain into this section of the River and is dominated by woodland and 

agricultural lands with 5% of the area classified as urban and the City of Cornwall as the largest 

community (Dreier et al. 1997). Below the Moses-Saunders power dam, the River divides into north and 

south channels separated by Cornwall Island and Ile St. Regis which carry approximately one-third and 

two-thirds, respectively, of the total flow in this section of the River (Dreier et al. 1997). In the eastern 

part of the AOC, the River then widens into an area known locally as Lake St. Francis where water flow 

slows considerably. Jurisdictionally complex, the AOC consists of lands owned by two federal 

governments (Canada and U.S), two provincial governments (Ontario and Québec), one state government 

(New York), Aboriginal governments (Mohawks of the Akwesasne) as well as other municipal 

governments. The St. Lawrence River AOC is one of five Areas of Concern jointly shared by both 

Canada and the United States and, as such, Remedial Action Plans (RAPs) have been developed 

independently by Canadian and U.S. partners to address different concerns that are specific to the 

Cornwall (Ontario) and Massena (New York) stretches of the River, respectively. 

 

Historical industrial and municipal activities along the Cornwall waterfront for more than 100 years have 

greatly impacted water and sediment quality in the AOC (see Dreier et al. 1997 for review). Local point 

sources of contaminants derived from these activities include heavy metals such as mercury and zinc 

which have been discharged directly into the River and settled into the sediment where they become 

available to biota (Richman and Dreier 2001). Other contaminant sources include agricultural and 

municipal inputs from the watershed, urban run-off, atmospheric emissions from local (i.e., Cornwall and 

Massena) and remote sources as well as from direct upstream inputs originating from the Great Lakes 

basin. Trans-boundary pollution, namely PCBs, discharged into the River from the three Superfund sites 

located at Massena, New York have also resulted in impairment to beneficial uses in the Canadian AOC 

(St. Lawrence River RAP Team 1992). Early studies in the 1980s and 1990s have documented high levels 

of contaminants (notably mercury and PCBs), low reproductive success, elevated deformity rates, and 

biochemical changes associated with developmental and reproductive processes in some fish and wildlife 
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from the St. Lawrence River AOC on both sides of the border (e.g., Bishop et al. 1995, 1998; Bonin et al. 

1995; Dreier et al. 1997; de Solla et al. 2001; Martinovic et al. 2003; CWS unpublished).  

 

Since 1986, significant progress has been made toward the development and implementation of a 

Remedial Action Plan (RAP) to address major environmental issues of concern in the St. Lawrence River 

(Cornwall) AOC. Stage 1 (problem definition) and Stage 2 (remedial measures and implementation plans) 

reports have been completed (St. Lawrence River RAP Team 1992; Dreier et al. 1997). An update to the 

Stage 2 RAP report was prepared in 2007 which outlined current delisting criteria, reported on monitoring 

activities and highlighted remaining priorities required to restore beneficial use impairments. Specific 

delisting criteria were developed for the St. Lawrence River (Cornwall) AOC through extensive rounds of 

consultations with assorted governmental and non-governmental agencies, technical experts, a public 

advisory committee and other interest groups (Mackay 2004). Remedial actions have focused on 

addressing these criteria which represent the environmental target or “yardstick” by which the results of 

monitoring activities are measured. They are satisfied when targets have been met and the beneficial use 

impairment is no longer impaired. When all beneficial uses have been restored at an AOC, it has been 

successfully remediated and is delisted as an Area of Concern.  

 

This report will focus on the current status of aquatic wildlife, specifically those species monitored by the 

Canadian Wildlife Service (CWS), which feed predominately from the aquatic ecosystem in the St. 

Lawrence River (Cornwall) AOC. Colonial waterbirds, which historically have been affected by high 

levels of contaminants in the Great Lakes (Weseloh et al. 1983), provide information on nesting 

populations of birds which rely on fish from the River and which still may be impacted by high levels of 

contaminants. The herring gull (Larus argentatus), a well-studied, non-migratory species on the Great 

Lakes, forages in the AOC and provides important information on contaminant exposure from local 

sources and possible health effects. The common snapping turtle (Chelydra serpentina) is a long-lived 

and widespread species with a predominately fish-based diet and, with a relatively small home range, is 

another useful indicator of local sources of contaminants (Bishop et al. 1998; de Solla et al. 2007). As a 

high trophic-level, fish-eating mammal, mink (Mustela vison) are sensitive to the effects of PCBs and 

mercury and can accumulate appreciably high levels of these contaminants (Basu et al. 2007). Some of 

the current data provided are based on the results of the Fish and Wildlife Health Effects and Exposure 

Study, initiated in 2001 by Environment Canada, to systematically assess Canadian AOCs for the 

occurrence of fish and wildlife health effects that are associated with contaminants in the aquatic 

environment. These findings also have direct relevance to delisting criteria for some of the wildlife-
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related beneficial use impairments (BUIs) and results reported here will be used to assess the current 

status of these BUIs in the St. Lawrence River (Cornwall) AOC.  

 

Methods 

Snapping Turtles (Chelydra serpentina) 

Contaminants in Snapping Turtle Eggs, Hatching Success and Hatchling Deformity Rates 

From 2001 to 2004, as part of a Great Lakes basin-wide study, snapping turtle eggs were collected from 

wetlands at or near Areas of Concern (AOCs) in the Lake Erie and Ontario basins, St. Lawrence River, 

and from two remote reference sites (Tiny Marsh and Algonquin Provincial Park). In the St. Lawrence 

River area, turtle eggs were collected from two locations within the AOC: Raisin River within the eastern 

portion of the AOC and Snye Marsh along the south shore of the St. Lawrence River in Akwesasne, 

Québec. Eggs from the Raisin River were collected from private property or roadsides at the mouth and 

further upstream of the St. Lawrence River. Upstream control sites serve as important reference locations 

which aid in discerning between local effects specific to the AOC and upstream influences. In the case of 

snapping turtles, eggs were also collected from a location immediately upstream and outside of the AOC 

at Upper Canada Bird Sanctuary (UCBS) where eggs were collected from three sites at roadsides or trails 

alongside the St. Lawrence River. While the western boundary of the UCBS is located near the Upper 

Canada Golf Course, the closest distance from the golf course to a collection site of eggs within the 

Sanctuary was 2.1 kilometres downstream from the golf course. This reference location was considered to 

be representative of an upstream environment outside of the AOC and may not necessarily be considered 

“pristine”. The inclusion of eggs collected from Tiny Marsh in Lake Huron (i.e. upstream of the lower 

Great Lakes) in the statistical analyses allows for such a comparison to more pristine-like conditions. The 

locations of egg collection sites in this study as well as locations identified in earlier CWS studies are 

provided in Figure 1. 

 

Entire clutches of eggs were collected within 48 h of oviposition. The eggs from each clutch were placed 

in plastic containers containing moistened vermiculite, then stored at approximately 18-24
o
C. Eggs were 

incubated at the Canada Centre for Inland Waters in Burlington, Ontario. Within two weeks of collection, 

all eggs were placed in incubators under constant temperature conditions of 27.5 ± 1
o
C. Water loss 

through evaporation was replaced every two to three days as required to maintain relatively constant 

moisture. Eggs were maintained under these conditions until hatching. Hatchling turtles were assessed for 

gross morphological deformities of the carapace scutes, eyes, head, limbs and tail. 
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Figure 1. Snapping turtle egg collection locations used in studies conducted by the Canadian Wildlife Service in the 

St. Lawrence River area. Sites marked with an * are in the St. Lawrence River (Cornwall) AOC; unmarked sites on 

the Ontario side are upstream of the St. Lawrence River (Cornwall) AOC. The shaded area in light blue denotes the 

boundaries of the AOC. 

 
 

A subset of eggs, usually five, was selected for contaminant analysis from most clutches; if the clutch was 

small, fewer eggs were taken for contaminant analysis. Eggs were selected in a pseudo-randomly but 

stratified manner; eggs were ordered from the egg on top of the nest (last egg laid) to the egg on the 

bottom of the nest (first egg laid). Each clutch was divided into five groups of approximately equal size, 

and within each group an egg was selected haphazardly. Subsequently, the egg contents were pooled and 

frozen in hexane-cleaned amber glass jars at –20
o
C.  

 

The frozen egg samples were shipped to GLIER (Great Lakes Institute of Environmental Research, 

University of Windsor) for the analysis of polybrominated diphenyl ethers (PBDEs), polychlorinated 

biphenyls (PCBs), and organochlorine pesticides, which included dichlorodiphenyldichloroethylene  

(p,p‟-DDE, a breakdown product of DDT), dieldrin, mirex, sum  chlordane (sum of concentrations of 

oxychlordane, cis-chlordane, trans-chlordane, cis-nonachlor and trans-nonachlor), heptachlor epoxide 
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(HE), hexachlorobenzene (HCB), and octachlorostyrene (OCS). For PCBs, organochlorine pesticides and 

by-products, all of the eggs in 2001 and 2002 were quantified using gas chromatography-electron capture 

detection (GC-ECD) while eggs in 2003 and 2004 were analysed using gas chromatography-mass 

spectrometry (electron ionization) (GC-MSD (EI)). Sum PCB concentrations consist of all 34 congeners 

that were common to both GC-ECD and GC-MSD. For PBDEs, all egg samples were analysed using GC-

mass spectrometry-electron capture negative ionization (GC-MS(ECNI)) and sum PBDEs reported are 

based on the sum of nine PBDE congeners which include BDE-28, -47, -99, -100, -138, -153, -154, -183, 

and -209. Contaminants were expressed on a wet weight basis. For PCBs and organochlorine pesticides, 

the method limit of quantification (MLOQ) ranged between 0.01 to 0.09 ng/g for the egg samples 

analyzed by GC-ECD, 0.1 ng/g for the eggs analysed using GC-MSD, and 0.01 ng/g for PBDEs using 

GC-MS(ECNI). Further details of chemical analyses as well as quality assurance and quality control 

analyses are found in de Solla et al. (2007, 2008). Selenium, arsenic, cadmium and lead concentrations in 

eggs were determined by Inductively Coupled Plasma Mass Spectrometry (ICP-MS) and total mercury in 

eggs was measured using the Advanced Mercury Analyzer (AMA-254). 

 

Statistical analyses of organochlorine pesticide, PCB, PBDE and metal data were tested for homogeneity 

of variance using Levene‟s test and then ln transformed (where necessary) to meet conditions of 

parametric testing. Hatching success and deformities were calculated for each clutch as proportions of 

eggs incubated and eggs hatched, respectively, and then arcsine transformed prior to analysis. Analysis of 

variance tests were performed to examine differences among sites followed by Tukey‟s HSD test for all 

multiple-site comparisons. Organochlorine pesticides and PCB/PBDE congeners which were below 

detection limits were replaced with an estimate of the concentration using the method outlined in de Solla 

et al. (2008). All results were considered significant at p<0.05.    

 

For this report, statistical analyses compared contaminants levels in eggs, hatching success and deformity 

rates in turtles from four study sites which included three sites on the St. Lawrence River (i.e., UCBS, 

Raisin River, Snye Marsh) and Tiny Marsh, a Great Lakes references site. Similar analyses were also 

performed using only St. Lawrence River sites (i.e., excluding Tiny Marsh) to assess spatial similarities 

inside and outside of the Area of Concern. Data for Algonquin Provincial Park are presented for 

comparative purposes only and were not included in any of the statistical analyses.  
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Herring Gulls (Larus argentatus) and Other Colonial Waterbirds 

Population Surveys – Nest Counts 

Since the 1970s, Canadian Wildlife Service (CWS) biologists have performed four decadal surveys of 

colonial waterbirds nesting on the Canadian side of the Great Lakes, including the upper St. Lawrence 

River. Strachan Island, a large nesting site for colonial waterbirds on the St. Lawrence River, is located 

upstream of the St. Lawrence River (Cornwall) Area of Concern approximately 400 metres above the 

Moses-Saunders power dam and less than five kilometres from Cornwall Island. The most recent decadal 

survey of nesting colonial waterbirds on the St. Lawrence River (i.e. 4
th
 survey) was completed in 2008 

and the results of earlier surveys performed during 1976/77 (1
st
 survey), 1990/91 (2

nd
 survey), 1997 to 

2000 (3
rd

 survey) are valuable for providing information on population trends of nesting birds in the 

region (Blokpoel 1977; Blokpoel and Tessier 1996, 1998; CWS unpublished). During these surveys, all 

nests of colonial waterbirds were counted individually using the total count methods of Blokpoel and 

Tessier (1996). Comprehensive surveys of the U.S. portion of the upper St. Lawrence River have also 

been conducted by New York State Department of Environmental Conservation (NYSDEC) biologists as 

part of the U.S. Fish and Wildlife Service Great Lakes Colonial Waterbird Census during similar time 

periods (Scharf and Shugart 1998; Cuthbert et al. 2001; NYSDEC unpublished) and using similar nest 

counting methods as reported in Cuthbert et al. (2001). These data are also provided to examine 

population trends of colonial waterbirds nesting on U.S. side of the River.   

 

Contaminants in Herring Gull Eggs 

The Great Lakes Herring Gull Monitoring Program provides important spatial and temporal information 

on contaminant exposure of herring gulls feeding in the Great Lakes using eggs collected from 15 herring 

gull nesting sites known as Annual Monitor Colonies (AMCs) (Figure 2). Annual collections at many 

AMCs have been ongoing since the mid 1970s but commenced at Strachan Island in 1986. While the 

Island is just outside of the boundary of the AOC, all of the western, central and industrialized portions of 

the AOC are within the daily foraging range (home range) of the gulls; therefore, contaminant levels in 

eggs reflect exposure to contaminants in the AOC. Collections followed the methods outlined by Mineau 

et al. (1984), Pekarik and Weseloh (1998) and Hebert et al. (1999). Chemical analytical methods have 

been described by Simon and Wakeford (2000), Neugebauer et al. (2000) and Won et al. (2001). For 

most collection years, chemical analyses have been performed using a pooled sample of eggs of 10 to 13 

eggs. Overall spatial trends for contaminants among AMCs were examined using mean contaminant 

levels in eggs from 2003 to 2007, as per Weseloh et al. (2006). Data were ln transformed where 

appropriate to meet conditions of homogeneity of variances and Tukey‟s HSD test was used for all 

multiple-site comparisons. Mean concentrations of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and 
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Figure 2. Location of the 15 herring gull Annual Monitor Colonies on the Great Lakes. 

 

2,3,7,8-tetrachlorodibenzofuran (TCDF) were determined using data for years 2001 to 2005 since data for 

these compounds were not available for years 2006 and 2007. A single overall rank of contaminantion 

was calculated for each of the Great Lakes AMCs using herring gull eggs from 2003 to 2007 based on the 

mean weighted ranks for nine contaminants relative to fish flesh criteria for the protection of piscivorous 

wildlife and using the methods of Weseloh et al. (2006). Contaminants for which there are guidelines and 

which are included in the analysis include: 7 pesticides (sum DDT, dieldrin, HCB, HE, sum mirex, sum 

chlordane, and OCS), sum PCBs and 2,3,7,8-TCDD (dioxin data includes years 2003-2005 only); no 

criteria have been developed for mercury. To assess the influence of upstream sources of contaminants 

relative to those within the AOC (i.e., at Strachan Island), statistical comparisons were performed using 

eggs from an upstream AMC site on Lake Ontario (i.e. Snake Island, which is not in an Area of Concern) 

as well as with a AMC site typically used as a reference site on Lake Huron (i.e. Chantry Island). 

Temporal trends were assessed at these locations using regression analyses on ln transformed data. All 

results were considered significant at p<0.05.  

 

Herring Gull Egg Viability 

Contaminant-induced early embryonic mortality was an important factor contributing to the low 

reproductive success observed in Great Lakes herring gulls during the 1970s (Gilbertson 1974; Gilbertson 
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and Hale 1974). Non-destructive surveys of herring gull egg viability were conducted using an electronic 

device, the embryonic viability detector (EVD) (Hebert et al. 2001). The EVD detects vibrations 

associated with embryonic movement and heartbeat. These vibrations are turned into sound waves 

allowing a determination of whether an egg is alive or dead. Live eggs were returned to their nests and 

dead eggs were collected for further analysis. From 2000 to 2005, the EVD was used to investigate 

whether there were inter-colony differences in herring gull egg viability at Strachan Island (2003-2005) 

and other Great Lakes colonies from Lake Ontario (2003-2005, Scotch Bonnet Island, Leslie Street Spit 

in Toronto and Hamilton Harbour), Lake Erie (2001, 2002, 2006, Middle Sister Island, Mohawk Island), 

Lake Huron (2000-2005, Channel-Shelter Island and Chantry Island) and Fighting Island on the Detroit 

River (2001, 2002). EVD data were only reported for 3-egg clutches. This compensated for inter-nest 

differences in parental quality and experience, since females in poorer condition may lay only two or even 

one egg. Clutches that contain fewer than three eggs exhibit higher egg mortality and have higher 

proportions of dead eggs (C.E. Hebert unpublished data). By using data only from 3-egg clutches, inter-

nest variability that may be related to parental quality was reduced, thereby standardizing the results and 

ensuring the appropriateness of inter-colony comparisons. Egg viability was calculated as the proportion 

of live eggs in a 3-egg clutch, arcsine transformed prior to analysis and compared among sites within a 

sampling year using analysis of variance tests and Tukey‟s HSD post-hoc test. For a Great Lakes-wide 

perspective, data were pooled across sampling years for each colony since no significant differences in 

mean egg viability were found. In addition, egg measurements including length and breadth of each egg 

were recorded to calculate egg volume and based on the formula: 0.000476 x length x breadth
2
. Clutch 

volume (cubic centimeters) is the total volume of the three eggs in the clutch. Intra-clutch variation in egg 

size represents the difference in volume between the largest and smallest egg in the clutch.    

 

Sex Determination of Young Herring Gulls at Hatch 

To examine if there was differential (possibly chemically mediated) mortality of males or females during 

in ovo development, blood samples from herring gull chicks were taken for genetic sex determination at 

Strachan Island (2003, 2004), Scotch Bonnet Island (2004), Leslie Street Spit in Toronto (2004) and other 

Great Lakes colonies (2001-2003). Samples were taken by toe clipping usually within 24 hours of the last 

(of three) chicks hatching (i.e., from complete clutches and when the third chick was still wet). Estimated 

dates of hatch of herring gull eggs were made by marking nests at the two egg stage during egg-laying 

and projecting ahead 26+ days. Nests were re-visited and those having three chicks (unless otherwise 

stated) were sampled. For each chick, blood from the toe clip was collected on to a clean filter paper 

provided by Vita-Tech (Markham). Sex determination was by polymerase chain reaction (PCR) 

amplification of the chromo-helicase-DNA-binding (CHD) genes (CHD-Z in males and CHD-Z and 
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CHD-W in females) according to the methods of Griffiths (1991) and Griffiths et al. (1998). Sex ratio 

bias was assessed statistically using a chi-squared analysis by colony and year and examining for 

deviations from the expected 1:1 male:female sex ratio. 

 

Vitellogenin Production in Adult Male Herring Gulls  

Vitelogenin is an egg yolk protein produced by breeding females and not normally found in males. To test 

for evidence of exposure to environmental estrogens, the presence of vitellogenin in plasma of adult male 

herring gulls was determined. Adult male herring gulls were trapped on their nests using a wire box trap 

(Mills and Ryder 1979) from late April to early May at Strachan Island (2003, 2004) and other Great 

Lakes colonies (2002-2004). Birds were removed from the traps, weighed, measured and a 1 ml blood 

sample taken from the brachial vein. A protease inhibitor (Cat. No. 2714, Sigma-Aldrich Ltd. Toronto, 

ON) was added to each sample prior to centrifugation. The resulting plasma was collected, combined with 

more protease inhibitor and stored immediately in liquid nitrogen. The sex of each bird was determined 

using a formula based on morphometric measurements (Fox et al. 1981). Males were selectively sampled, 

although blood samples were obtained from several breeding females to determine vitellogenin reference 

values for egg-laying birds. 

 

All male plasma samples were diluted with phosphate-buffered saline and added to 96 well plates, 

washed, blocked with BSA and then washed three times with the primary antibody. The plates were then 

incubated and washed three times with secondary antibody (goat anti-mouse IgG biotinylated) and 

incubated. Finally, the plates were washed three times with Streptavidin, incubated, and colour substrate 

was added. All plates were read on a Bio-Tech Spectrophotometer at 405 nm after 20 minutes of colour 

development. All plates were run with dilute female herring gull plasma to ensure quality control. 

 

Stress Responses in Juvenile Herring Gulls 

The hypothalamo-pituitary-adrenal (HPA) axis is an important regulatory pathway which is involved in 

the production of glucocorticoids such as corticosterone in the blood in response to stress of various types 

(e.g. starvation). Stress acting through the nervous system causes an elevation of adrenocorticotropic 

hormone (ACTH) and hence stimulation of the adrenal cortex to produce steroids such as corticosterone. 

Increases in circulating corticosterone production stimulate various stress-type responses ranging from 

increased activity, increased food intake and increased protein catabolism. The HPA has also been shown 

to be sensitive to PCBs by influencing (i.e. depressing) production of corticosterone (Lorenzen et al. 

1999; Love et al. 2003), thereby potentially increasing an individual‟s susceptibility to environmental 

stressors. In this study, juvenile herring gulls were given an injection of ACTH which served as a 
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standardized stress challenge and then blood was drawn to measure the bird‟s ability to respond through 

the production of corticosterone. Since corticosterone levels begin to increase within several minutes of a 

stress event, one hour was allowed to elapse between arrival on the island and capturing gull chicks. This 

technique allowed standardizing the effects of human presence on the birds on the island. Herring gull 

colonies at Strachan Island, Hamilton Harbour, Leslie Street Spit (Toronto) and Scotch Bonnet Island, an 

upstream reference colony on Lake Ontario, were visited in June of 2004 to assess stress responses in 

juvenile herring gull chicks. The herring gull colony at Chantry Island on Lake Huron was visited in 2002 

and 2003. Eight to sixteen chicks were caught by hand in groups of four, weighed, measured and aged 

according to formulas developed by Mineau et al. (1982). Birds between 21 and 28 days of age were 

included in the study. Each chick was given an injection of ACTH (Cortrosyn, 5 μg/kg body weight) to 

stimulate corticosterone production (Noirault et al. 1999). Serial 0.5 ml blood samples were taken at 10, 

25 and 45 minutes post injection. Blood was centrifuged and stored frozen until analysis. Plasma was 

analysed for corticosterone by radioimmunoassay (RIA) on a Packard Cobra II gamma-counter using RIA 

kits (ICN Biomedicals Inc.). The kits were intended for rat and mouse measurement, but were validated 

in-house for avian plasma. All samples were analyzed in duplicate. Quality control samples were run with 

each assay.  

 

Data were analyzed using a repeated measures analysis of variance to compare corticosterone secretion 

(i.e., response to stress) during three time periods following injection of ACTH (i.e., 10, 25, and 45 

minutes) among herring gull colony sites. The two years of data collection in 2002 and 2003 for Chantry 

Island were pooled since responses in corticosterone secretion over the time period were not significantly 

different between years. A measure of the maximal increase in corticosterone was determined as the 

difference in the maximal response value and the minimal value. A parametric t-test was performed to 

compare mean maximal increase values of corticosterone in juveniles from Strachan Island with those 

from Scotch Bonnet Island.   

 

Mink (Mustela vison) 

Contaminant in Liver and Somatic Indices 

To assess contaminant burdens, collections of mink were focussed in areas within 7 kilometres of the St. 

Lawrence River AOC shoreline. Mink were trapped along the north shore of the St. Lawrence River and 

Lake St. Francis in Lancaster and Charlottenburg townships in the St. Lawrence River (Cornwall) AOC 

(45° 12' N, 74° 30' W; Figure 3). As a non-AOC reference site for comparison purposes, mink were 

collected from eastern Lake Ontario in Kingston Township in Kingston, Ontario (44° 17' N, 76° 32' W) 

and also within 7 kilometres of the Lake Ontario shoreline (Figure 4). Finally, mink were collected from 
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inland Ontario reference sites (i.e., more than 10 km from the shoreline) which included Lancaster 

Township north of Cornwall and Storrington Township north of Kingston (Figures 3 and 4). The majority 

of mink were collected from 1999 to 2001 with an additional collection of eight mink in 2006 along the 

St. Lawrence River AOC shoreline to assess temporal trends in metal exposure (Figure 3).  

 

Mink carcasses were pelted by trappers, wrapped in tinfoil and held at -20°C until collection by CWS 

personnel. The location where the animal was captured as well as the date of capture were collected by 

trappers and verified by CWS personnel. Mink carcasses were brought to the Ontario Veterinary Collage 

of Ontario in Guelph and necropsied under the supervision of a veterinary pathologist. All organs were 

removed, weighed and examined for lesions and sex was noted. Livers were excised with hexane cleaned 

instruments and stored in chemically cleaned containers. Livers were stored at -20°C prior to chemical 

analysis. The baculum, or penis bone, was removed from adult male mink, dried and then cleaned by a 

colony of dermestid beetles at the Ontario Veterinary College and at the Royal Ontario Museum in 

Toronto. The baculum were then washed and dried in a drying oven at 80°C for 10 hours to remove 

excess water and until they had attained a stable weight. Baculum were weighed and the length measured 

using Vernier calipers. 

 

Livers were sent to the National Wildlife Research Centre in Hull, Québec, for analyses of chlorinated 

organic contaminants and metals and to the Great Lakes Institute of Environmental Research (GLIER) at 

the University of Windsor, Windsor, Ontario for analysis of PBDEs. Quantitative analysis of 

organochlorine pesticides and PCBs was performed using capillary gas chromatography, coupled with a 

mass selective detector operated in selected ion monitoring mode and according to the methods of 

Norstrom et al. (1988). Livers of six mink from the St. Lawrence River AOC, three from the Canadian 

side of the AOC and three from Akwesasne on the U.S side of the AOC, were pooled for analyses of 

coplanar PCBs with dioxin-like effects, dioxins and furans. Concentrations of dioxins, furans and these 

coplanar PCBs were determined using capillary gas chromatography and mass spectroscopy (Simon and 

Wakeford 2000). Toxic equivalency concentrations (TEQs) were calculated and are based upon toxic 

equivalency factors developed by van den Berg et al. (2006) for mammals. Mink livers from Kingston 

and inland sites were not analyzed for coplanar PCBs with dioxin-like effects, dioxins and furans so 

spatial comparisons could not be made. Sum PBDEs were quantified by gas chromatography-high 

resolution mass spectrometry methods using time-of-flight mass spectrometer (GC-MS-TOF) and are 

based on the sum concentration of 22 individual BDE congeners. Total mercury in liver was measured 

using an Advanced Mercury Analyzer (AMA-254). For five mink trapped within the St. Lawrence River  



                         Status of Aquatic Wildlife in the St. Lawrence River (Cornwall) AOC                         19 

 

Figure 3. Mink collected by trappers in the St. Lawrence River at Cornwall AOC watershed:  mink captured 

from 1999-2001 and within 7 km of the shoreline (N=14 total), ×  mink from inland sites from 1999-2001 and 

between 10-40 km from the shoreline (N=6 total), and  mink captured in 2006 and within 7 km of the shoreline 

(N=8). Seven of fourteen mink trapped from 1999-2001 were trapped at Cooper Marsh where symbols overlap. 

Mink collected from Kingston locations are not shown here. Note also that for inland mink, somatic indices were 

measured in all six individuals trapped while contaminants analyses were performed in only a portion of these 

individuals and include some individuals from north of Kingston. 

 

             
 

 

Figure 4. Great Lakes locations from which mink carcasses were obtained from commercial trappers in 1999-2006 

including the Kingston area (non-AOC) reference site. 
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AOC, organic (methyl) mercury concentrations were determined by first extracting the organic mercury 

component from the liver and then analyzing the extracts on the AMA-254. Selenium, arsenic, cadmium 

and lead concentrations in liver were determined either by Inductively Coupled Plasma Mass 

Spectrometry (ICP-MS) or by graphite furnace atomic absorption spectrometry (GFAAS). 

 

Since organ weights varied significantly with body size, organ somatic indices were determined by 

dividing organ weight by body weight. Analysis of variance tests were performed to examine for 

differences in mean contaminant concentrations and biological endpoints among sites followed by 

Tukey‟s HSD post-hoc tests where tests were significant. Data were transformed where necessary to meet 

conditions of parametric testing. If data failed the assumption of equal variance (Levene‟s Test), 

comparisons were made using a Kruskal-Wallis one way Analysis of Variance (ANOVA) by ranks 

followed by non-parametric multiple contrast tests for unequal sample size (Zar 1984). To examine local 

temporal trends in hepatic metal burdens of mink in the St. Lawrence River AOC, t-tests were performed 

on dry weight values to compare levels in mink collected from 1999 to 2001 versus those in mink 

collected in 2006.  

  

Results and Discussion 

Snapping Turtles (Chelydra serpentina) 

Spatial Trends of Contaminants in Snapping Turtle Eggs 

Of all compounds in snapping turtle eggs collected from 2001 to 2004, sum PCBs were found in the 

highest concentrations with means (+SD) ranging from 14.7 + 9.5 ng/g (wet weight) at Algonquin 

Provincial Park to 583.7 + 477.9 ng/g at Snye Marsh (Table 1). Sum PBDEs were also high relative to 

other compounds at some locations with mean concentrations ranging from 3.85 + 4.44 ng/g at Algonquin 

to 28.2 + 10.3 ng/g at Raisin River. Concentrations of p,p‟-DDE, mirex and sum chlordane were the 

highest of all organochlorine pesticide compounds. The mean concentration of p,p‟-DDE in eggs from 

UCBS exceeded the total DDT tissue residue guideline for the protection of the wildlife consumers of 

aquatic biota equal to 14.0 ng/g (CCME 2001). At all locations except UCBS, concentrations of 

octachlorostyrene in eggs were the lowest of all compounds measured.   

 

Mean concentrations of sum PCBs, sum chlordane, mirex, octachlorostyrene and sum PBDEs in turtle 

eggs varied significantly among the three study sites on the St. Lawrence River (i.e., UCBS, Raisin River, 

Snye Marsh) and Tiny Marsh, the Great Lakes reference site (Table 1). Generally, no significant 

differences in contaminant burdens were found in eggs collected from either of the two locations within 

the St. Lawrence River Area of Concern (i.e., Raisin River and Snye Marsh) and from UCBS, the
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Table 1. Mean (SD) organochlorine pesticide, sum PCB and sum PBDE concentrations (ng/g, wet weight) in snapping turtle eggs 

from three collection locations in the St. Lawrence River (Cornwall) area, Tiny Marsh (Great Lakes reference site) and Algonquin 

Provincial Park (remote area) from 2001-2004. Raisin River and Snye Marsh are within the St. Lawrence River (Cornwall) AOC and 

Upper Canada Bird Sanctuary (UCBS) is upstream and outside of the AOC. N represents the number of clutches sampled. NM 

denotes contaminant not measured. With one exception, statistics reported are based on comparisons of mean concentrations in eggs 

from UCBS, Raisin River, Snye Marsh, and Tiny Marsh where similar uppercase letters are not significantly different; for sum 

PBDEs, comparisons are based on analyses of the three St. Lawrence locations only.  

 

Compound UCBS Raisin River Snye Marsh Tiny Marsh Algonquin Statistic 

Sum PCBs 112.9 (49.0) A 125.2 (106.3) AB 583.7 (477.9) A 31.8 (33.7) B 14.7 (9.5) F = 9.45 

p = 0.0001 

p,p‟-DDE 16.8 (15.1) 7.94 (6.64) 11.6 (11.0) 3.84 (2.18) 3.76 (3.87) F = 1.56 

p = 0.21 

Sum chlordane 4.65 (3.01) AB 6.43 (6.55) AB 7.07 (5.90) A 1.91 (1.24) B 1.35 (1.01) F = 3.55 

p = 0.02 

Mirex 11.6 (6.89) A 5.30 (4.81) A 6.87 (5.65) A 1.80 (3.39) B 0.32 (0.40) F = 9.08 

p = 0.0001 

Dieldrin 0.49 (1.33) 1.71 (2.32) 0.74 (1.33) 0.43 (0.42) 0.22 (0.31) F = 0.29 

p = 0.83 

HCB 0.36 (0.24) 0.63 (0.51) 0.49 (0.34) 0.20 (0.14) 0.17 (0.10) F = 2.06 

p = 0.12 

Octachlorostyrene 0.42 (0.43) A 0.08 (0.06) AB 0.17 (0.19) AB 0.05 (0.03) B 0.05 (0.04) F = 3.36 

p = 0.03 

N 11 10 9 14 15  

Sum PBDEs 6.37 (4.44) B 28.2 (10.3) A 15.1 (24.7) AB NM 3.85 (4.44) F = 4.68 

p = 0.03 

N 5 5 4  9  

HE 0.25 (0.32) 0.65 (0.84) 0.33 (0.36) 0.22 (0.25) 0.21 (0.18) F = 0.31 

p = 0.82 

N 11 10 9 10 12  
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reference location upstream and outside of the AOC. Sum PBDEs were the one exception where the mean 

concentration was significantly higher in eggs from Raisin River compared to UCBS. All findings were 

replicated when statistical analyses were performed on St. Lawrence River sites only and the Tiny Marsh 

sampling location was excluded from the analyses. For sum PCBs, sum chlordane and mirex, mean 

contaminant levels in eggs from Snye Marsh were significantly higher than those in eggs from Tiny 

Marsh. Concentrations of p,p‟-DDE, dieldrin, HCB and HE were similar among all four locations. While 

not included in the among-site statistical analyses, eggs from Algonquin Park, a remote reference site, 

consistently had the lowest mean levels of contaminants.  

 

A Great Lakes perspective of contaminants in snapping turtle eggs from 2001 to 2004 represented as 

cumulated totals of mean sum PCBs, sum PBDEs, p,p'-DDE and sum chlordanes is provided in Figure 5 

(de Solla et al. 2008). Overall, eggs from Raisin River and UCBS were less contaminated relative to most 

other Great Lakes locations while eggs from Snye Marsh fell into an intermediate range of contamination 

largely as a result of high PCB levels at this location. 

 

Figure 5. Cumulated totals of mean sum PCB, sum PBDE, p,p’-DDE and sum chlordane concentrations (ng/g, wet 

weight) in snapping turtle eggs in the Canadian Great Lakes collected from 2001–2004. Sites with an asterisk did 

not have PBDEs measured. 
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Of the five heavy metals measured in eggs collected from 2002 to 2004, selenium concentrations were 

the highest with means (+SD) ranging from 1.44 + 0.28 μg/g (dry weight) in eggs from UCBS to 2.05 + 

0.32 μg/g at Algonquin Provincial Park (Table 2). Mercury concentration ranked second with means 

ranging from 0.18 + 0.06 μg/g in eggs from Tiny Marsh to 0.38 + 0.24 μg/g at Raisin River. No 

significant differences in mean heavy metal concentrations were found in eggs within the St. Lawrence 

River AOC and outside of the AOC, including Tiny Marsh (p>0.05). Cadmium concentrations were the 

lowest of all metals and found at levels below the practical limit of detection (i.e., <0.015 µg/g) in all 

clutches of eggs from all sites. 

 

Table 2. Mean (SD) heavy metal concentrations (μg/g, dry weight) in snapping turtle eggs from three collections 

locations in the St. Lawrence River (Cornwall) area, Tiny Marsh (Great Lakes reference site) and Algonquin 

Provincial Park (remote area) from 2002–2004 (CWS unpublished). Raisin River and Snye Marsh are within the St. 

Lawrence River (Cornwall) AOC and Upper Canada Bird Sanctuary (UCBS) is upstream of the AOC. N represents 

the number of clutches sampled. ND denotes concentration was below the limit of detection (i.e., below 0.015 μg/g 

for cadmium).  

 

Compound UCBS Raisin River Snye Marsh Tiny Marsh Algonquin 

Arsenic 0.094 (0.023) 0.111 (0.066) 0.093 (0.026) 0.091 (0.037) 0.124 (0.058) 

Cadmium ND ND ND  ND ND 

Selenium 1.44 (0.28) 1.81 (0.48) 1.62 (0.62) 1.63 (0.31) 2.05 (0.32) 

Lead 0.038 (0.022) 0.032 (0.009) 0.033 (0.007) 0.036 (0.013) 0.045 (0.024) 

Mercury 0.26 (0.13) 0.38 (0.24) 0.29 (0.20) 0.18 (0.06) 0.27 (0.12) 

N 9 10 6 10 12 

 

Mean mercury concentrations in snapping turtle eggs collected from the St. Lawrence River (Cornwall) 

AOC from 2002 to 2004 were high relative to concentrations found at other study sites in the Great Lakes 

basin including some AOCs (Figure 6). Overall, mercury concentrations varied significantly among these 

Great Lakes study sites (F(13,110)=7.46, p<0.0001).
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Figure 6. Mean (SD) mercury concentrations (μg/g, dry weight) in snapping turtle eggs collected from various sites in the Great Lakes basin including AOCs 

from 2002-2004. With the exception of Algonquin and Tiny Marsh, sites are ordered from west to east. Means are based on number of clutches collected at each 

site (range=4-14).  Dark shaded bars denote sites in the St. Lawrence River (Cornwall) area and those marked with an “*” are within the AOC. 
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A historical examination of contaminants in snapping turtle eggs collected from the St. Lawrence River 

area reveals that the highest mean concentrations of contaminants were found in eggs collected from sites 

in Akwesasne on the south shore of the St. Lawrence River from 1990 to 2000 (Table 3). Elevated 

concentrations of sum PCBs in eggs from Akwesasne relative to other Great Lakes locations as well as 

high variability in PCBs among locations within Akwesasne (e.g., Turtle Creek) have been reported 

(Bishop et al. 1998; de Solla et al. 2001; Ashpole et al. 2004). Furthermore, eggs from Akwesasne in 

1999 and 2000 had higher mean concentrations of organochlorine pesticides, total dioxins, total furans 

and total non-ortho PCBs relative to eggs collected from the north shore of the St. Lawrence River 

(Ashpole et al. 2004). The highest concentration of mercury was found in the pooled egg sample from 

Raquette River (Akwesasne) in 1999 (0.720 μg/g, dry weight). The lowest concentrations of all 

compounds were found in eggs from Hoasic Creek located upstream and outside of the AOC in 2000 (see 

Figure 1 for sampling locations). Sum PCBs were found at the highest concentrations in eggs from all 

sampling locations from 1990 to 2000 followed by p,p‟-DDE, mirex and sum chlordane, a pattern similar 

to that reported in eggs collected from 2001 to 2004.  



                     Status of Aquatic Wildlife in the St. Lawrence River (Cornwall) AOC               26 

 

Table 3. Mean (SD) organochlorine pesticide, sum PCB, total non-ortho PCB, total dioxin and furan concentrations (ng/g, wet weight) in snapping turtle eggs 

from various sites within the St. Lawrence River area from 1990 to 2000. Mean total mercury concentrations are also shown (μg/g, dry weight). Sites in 

Akwesasne on the south shore of the St. Lawrence River include Snye Marsh (Québec), Raquette River, St. Regis River and Turtle Creek of which the last three 

sites are all in the St. Lawrence River (Massena) AOC. Locations marked with an “*” are within the St. Lawrence River (Cornwall) AOC. N represents the 

number of clutches sampled. NA denotes that data are not available and ND denotes that concentration was below the limit of detection.  

  

Site South Shore St. Lawrence River - Akwesasne North Shore St. Lawrence River 

 Bishop et al. 1998 De Solla et al. 2001 Ashpole et al. 2004 Ashpole et al. 2004 

Sampling Location, 

Year 

Raquette R., St. 

Regis R., Snye 

Marsh*,  1990 

Raquette R., Turtle 

Creek, St. Regis R., 

Snye Marsh*,  1998 

Snye Marsh*, 

1999 

Raquette R., 

1999, 2000 

Turtle 

Creek, 

1999 

Cooper 

Marsh*, 

1999 

Gray‟s 

Creek*,  

1999, 2000 

Hoasic 

Creek,  

2000 

N 7 8 9 8 1 9 6 3 

% Lipid 5.0 (0.60) 9.2 (3.7) 5.9 (0.81) 6.7 (1.3) 5.9 6.4 (0.99) 6.3 (0.40) 6.5 (1.1) 

Sum PCBs 3 946 (1425) 95 289 (259 577) 1 900 (1 800) 4 000 (2 700) 61 000 170 (160) 720 (380) 20 (8.0) 

Sum-chlordane 58.7 (3.3) 52.1 (27.0) 10.4 (2.0) 35.8 (5.9) 20.1 3.6 (0.9) 14.1 (2.8) 16.8 (0.1) 

HCB NA 15.5 (41.0) 1.5 (1.7) 1.3 (1.2) 3.0 0.83 (0.66) 2.2 (0.41) 0.33 (0.29) 

OCS 2.1 (0.4) 1.0 (2.5) 0.4 (0.6) 6.9 (0.6) 0.5 0.2 (0.3) 0.5 (3.2) ND 

p,p'-DDE 67.8 (22.9) 117.6 (296.9) 15.0 (13.0) 36.0 (23) 59.0 3.6 (4.7) 17.0 (3.5) 0.67 (0.29) 

Mirex 88.6 (28.7) 70.5 (149.8) 16.3 (15.0) 69.0 (63.0) 19.0 3.3 (2.8) 14.0 (4.7) 5.0 (0.5) 

HE 3.8 (1.5) 5.8 (13.1) 0.89 (0.7) 2.4 (2.2) 2.0 0.39 (0.33) 1.0 (0.55) 0.30 (0.29) 

Dieldrin 14.3 (2.6) 38.1 (97.8) 2.6 (2.2) 8.9 (8.0) 12.0 1.0 (1.6) 5.3 (1.6) 0.33 (0.29) 

Total non-ortho 

PCBs 

4.3 58.2 1.3 (0.31)
b
 3.4 (1.4)

b
 160 0.5 0.3 0.07 

Total Dioxins 0.023 0.0097 0.0059 (0.001)
b
 0.027 (0.0098)

b
 0.0056 0.0031 0.012 0.0016 

Total Furans 0.0085 0.076 0.0026 (0.0008)
b
 0.006 (0.0007)

b
 0.058 0.0016 0.0038 0.00049 

Mercury 0.59
a
 0.30 0.09 0.72

c
 0.19

d
 0.09 0.25

c
 NA 

a  
Eggs from Raquette River only, based on five clutches, converted to dry weight based on moisture content of 76% 

b 
Mean total non-ortho PCB, dioxin and furan concentrations based on two pools of eggs/year 

c Total mercury was determined using only the 1999 pooled sample 
d
 Based on analysis of one egg 
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Temporal Trends of Contaminants in Snapping Turtle Eggs 

Multi-year collections of snapping turtle eggs at a single sampling location allow for an assessment of 

temporal trends in contaminant levels within the St. Lawrence River AOC. Although historical data are 

available for sites in Akwesasne (Bishop et al. 1998; de Solla et al. 2001; Ashpole et al. 2004), only one 

of these sites, Syne Marsh, is within the Canadian portion of the St. Lawrence River (Cornwall) AOC and 

is where eggs have been collected over three time periods, 1998, 1999 and 2001-2004 (Table 4). While 

statistical analyses cannot be performed using only three time periods, it appears that concentrations of 

some contaminants may have declined at this location (e.g. sum PCBs). Furthermore, given the often high 

variability among clutches within a location as well as the relatively short period of study (i.e., over six 

years), it is difficult to conclude that declines are significant at this site. These results however are 

encouraging. Snye Marsh is situated along the southern shore of the St. Lawrence River in Québec, 

Canada, and is largely under the influence of U.S. waters where remediation activities have been 

implemented in the U.S. portion of the AOC. Thus as anticipated, remediation activities in Massena 

appear to be successful in reducing PCBs in eggs downstream within the St. Lawrence (Cornwall) AOC. 

Ideally, additional years of collection of snapping turtle eggs at this and other sites in the AOC would 

provide further support to this claim.    

 

Table 4. Mean (SD) organochlorine contaminant and sum PCB concentrations (ng/g, wet weight) in snapping 

turtle eggs from Snye Marsh for three egg collection periods in 1998, 1999, and 2001–2004 (de Solla et al. 2001, 

2007; Ashpole et al. 2004). Mean mercury concentrations are also provided (ng/g, dry weight). Other 

contaminants (e.g., dioxins, furans) are not shown since these data were available for only a single collection 

period. N represents the number of clutches sampled. NA denotes that data were not available and ND denotes that 

concentration was below the limit of detection.  

 

Compound 1998 1999 2001-2004 

N 5 9 9 

Sum PCBs 2 378.2 (2 116.3) 1 900 (1 800) 583.7 (477.9)  

p,p‟-DDE 9.8 (7.4) 15 (13) 11.6 (11.0) 

Sum chlordane 11.5 (3.4) 10.4 (2.0) 7.1 (5.9)  

Mirex 12.4 (13.2) 16.3 (15.0) 6.87 (5.65)  

Dieldrin 3.2 (2.6) 2.6 (2.2) 0.74 (1.33) 

HCB 0.80 (1.1) 1.50 (1.70) 0.49 (0.34) 

Octachlorostyrene ND 0.44 (0.60) 0.17 (0.19)  

HE 1.00 (1.00) 0.89 (0.70) 0.33 (0.36) 

Mercury NA 90 (85) 290 (200) 

 

Hatching Success and Deformity Rates of Hatchlings 

Mean hatching success rates (+SD) of snapping turtle clutches collected from 2002 to 2004 within the St. 

Lawrence River AOC at Snye Marsh and Raisin River were equal to 86.1 + 28.4% (N=9 clutches) and 

90.3 + 10.2% (N=10 clutches), respectively, and were high relative to some other Great Lakes sites 

(Figure 7). At UCBS, outside of the AOC, mean hatching success was statistically comparable to 
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hatching success at Snye Marsh and Raisin River (i.e., equal to 88.4 + 13.6%, N=10 clutches; F(2, 26)=0.06, 

p=0.95). Furthermore, no significant difference in mean hatching success was found among the three St. 

Lawrence River sites and the remote Great Lakes reference site, Tiny Marsh (86.0 + 20.2%, N=20 

clutches; F(3, 34)= 0.30, p=0.83). Overall, hatching success of snapping turtle clutches varied significantly 

among Great Lakes study sites (F(13, 165)=2.71, p=0.0017; Figure 7; de Solla et al. 2008). 

 

Within the St. Lawrence River AOC, mean hatchling deformity rates were equal to 10.4 + 8.7% (N=9 

clutches) at Snye Marsh and 28.3 + 24.7% at Raisin River (N=10 clutches) where hatchlings had the 

highest mean deformity rate of all Great Lakes sites (Figure 8). At UCBS upstream of the AOC, the mean 

hatchling deformity rate was equal to 18.3 + 10.0% (N=10 clutches). Given the high variability in 

deformity rates among clutches (particularly at Raisin River), no significant differences in deformity rates 

were found among the three St. Lawrence River sites (F(2, 26)=2.99, p=0.07) nor when Tiny Marsh was 

included for comparative purposes in the analysis (F(3.34)=2.14, p=0.11). Deformity rates of hatchling 

snapping turtles also varied significantly among Great Lakes study sites (F(13, 165)=3.34, p=0.0001; Figure 

8; de Solla et al. 2008). 



                     Status of Aquatic Wildlife in the St. Lawrence River (Cornwall) AOC               29 

 

Figure 7. Mean hatching success (SD) of snapping turtle eggs collected from various sites in the Great Lakes basin including AOCs from 2002-2004. With the 

exception of Algonquin and Tiny Marsh, sites are ordered from west to east. Means are based on number of clutches collected at each site (range=4-31).  Dark 

shaded bars denote sites in the St. Lawrence River (Cornwall) area and those marked with an “*” are within the AOC.  
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Figure 8. Mean deformity rate (SD) of hatchling snapping turtles collected from various sites in the Great Lakes basin including AOCs from 2002-2004. With the 

exception of Algonquin and Tiny Marsh, sites are ordered from west to east. Means are based on number of clutches collected at each site (range=4-31).  Dark 

shaded bars denote sites in the St. Lawrence River (Cornwall) area and those marked with an “*” are within the AOC. 
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Hatching success of turtle eggs varied among St. Lawrence River area collection locations in earlier CWS 

studies (Bishop et al. 1998; CWS unpublished; Table 5). In the 1999 study, eggs were collected and 

incubated under male-producing temperatures (25
o
C). Mean hatching success rates of eggs from three 

sites within the St. Lawrence River (Cornwall) AOC (i.e., Snye Marsh, Cooper Marsh and Gray‟s Creek) 

were similar to those reported from 2002-2004 ranging from 80% to 92% in 1999 (Table 5). Mean 

deformity rates at these AOC locations in 1999 ranged from 15% at Snye Marsh (which also had a 

relatively low deformity rate in 2002-2004) to 30% at Gray‟s Creek, similar to the 28% rate at Raisin 

River from 2002-2004. Very high deformity rates in hatchlings were found in clutches from Raquette 

River and Turtle Creek (both on the U.S. side of the AOC) in 1999.    

 

Table 5. Mean hatching success of snapping turtle eggs and mean deformity rates of hatchlings from various 

sites in the St. Lawrence River area as determined in earlier CWS studies (Bishop et al. 1998; CWS 

unpublished). N represents the number of clutches sampled. Sites marked within an “*” are within the St. 

Lawrence River (Cornwall) AOC.  

 

Site Year N Hatching Success Deformity Rates 

Raquette R., St. Regis R., Snye 

Marsh* 
1990 7 94.9% 9.3% 

Raquette R., St. Regis R., Snye 

Marsh*, and Turtle Creek 
1998 8 86.8% 7.7% 

Snye Marsh* 1999 9 92% 15% 

Raquette R. 1999 8 66% 55% 

Turtle Creek 1999 1 100% 70% 

Cooper Marsh* 1999 9 80% 18% 

Gray‟s Creek* 1999 6 84% 30% 

   

 

Herring Gulls (Larus argentatus) and Other Colonial Waterbirds 

Population Surveys – Nest Counts 

Strachan Island, as a six-island complex, is an important nesting site for colonial waterbirds on the upper 

St. Lawrence River and is located 400 metres above the Moses-Saunders dam and less than five 

kilometers from Cornwall Island. Over 12,000 nests of colonial waterbirds were counted on Strachan 

Island in 2008 (Table 6) representing five different species which include: ring-billed gull (Larus 

delawarensis), double-crested cormorant (Phalacrocorax auritus), herring gull (Larus argentatus), great 

black-backed gull (Larus marinus) and black-crowned night-heron (Nycticorax nycticorax). Fewer 

numbers of species were found in earlier CWS decadal surveys. The ring-billed gull has been the most 

abundant species nesting on the Island, reaching a peak in nest numbers in 1990 followed by a 19% 

decrease in nest numbers from 1999 to 2008, with an annual rate of decline of -2.6%. Ring-billed gulls 

have been successful nesters throughout the lower Great Lakes due to their opportunistic and more 
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terrestrial-based feeding habits and the fact that, as migratory birds, they may be less stressed due to 

extreme weather and feeding conditions during the winter period compared to herring gulls (Blokpoel and 

Tessier 1996). Numbers of herring gull nests have steadily increased over the four survey periods with an 

annual rate of growth of 2.6% from 1997 to 2008. A good size colony of nesting black-crowned night-

herons (74 nests) was also found on four of the six islands where they were not present in 2000. Double-

crested cormorants were found nesting on Strachan Island during the third census in 1997 and nest 

numbers decreased by 37% in 2008 with an annual rate of decline of -4.1% (see below for more detailed 

results). Double-crested cormorants were found nesting on the same four islands of the complex as black-

crowned night-herons in 2008. This situation should be monitored in the future since there are reports of 

black-crowned night-heron abandoning their nesting site following colonization of the site by nesting 

cormorants (Weseloh et al. 2002). Two great black-backed gull nests were counted in 2008.  

 

Table 6. Census data of colonial waterbird nests (=pairs) on Strachan Island during the 1
st 

(1976), 2
nd 

(1990/91), 

3
rd

 (1997-2000) and 4
th

 (2008) decadal surveys (Blokpoel, 1977; Blokpoel and Tessier 1996, 1998; CWS 

unpublished). Annual rates of change are for the 3
rd

 to 4
th

 surveys. ND denotes no data are available; NC denotes 

rate cannot be calculated. 

 

Species 
Census Year Annual Rate of 

Change 1976 1990/91 1997-2000 2008 

Ring-billed Gull 4,893 19,663 14,621 11,857 -2.6% 

Double-crested Cormorant 0 0 485 305 -4.1% 

Herring Gull 0 48 50 63 +2.6% 

Great Black-backed Gull 0 1 3 2 -4.4% 

Black-crowned Night-Heron ND 0 0 74 NC 

Totals 4,893 19,712 15,159 12,301 - 

 

Historically, nest counts for the 1
st
, 2

nd
 and 3

rd
 decadal CWS Great Lakes colonial waterbird surveys were 

performed as far downstream as Cornwall (i.e., Strachan Island) and therefore not within the St. Lawrence 

River (Cornwall) Area of Concern. In 2008, as part of the fourth decadal CWS colonial waterbird survey, 

seven additional islands (or sites) downstream of Strachan Island in Ontario were surveyed (by air or 

ground), including Cornwall Island and Butternut Island, as well as two islands in Québec (i.e., Dickerson 

Island and Dodens Island by boat). Colonial waterbird nests of four species including great blue heron 

(Ardea herodias) were found at four of the seven sites in 2008 (i.e., Dickerson Island, Butternut Island, 

Navigational Marker D41 and Dodens Island; Table 7). Ringed-billed and herring gulls were also present 

at Navigational Marker D41 (located approximately three kilometers south east of South Lancaster) but 

were not counted due to the lateness of the season. As a point of comparison, nest counts were also 

performed by C. Bishop at Dickerson Island only in 1999 (CWS unpublished). While 732 nests of four 

species were counted at Dickerson Island in 1999, only one nest (black-crowned night-heron) was found 

at this island in 2008 and where predation by raccoons (Procyon lotor), a known predator of waterbird 

nests, is suspected (Weseloh et al. 2007). Since the same islands were not surveyed in the two survey 
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years, it is difficult to speculate on changes in nest numbers in this region. There was also evidence of 

illegal hunting of cormorants at some of these nesting sites in both 2004 and 2006 (DVC Weseloh, pers. 

obs.).   

 
Table 7. Numbers of colonial waterbird nests (=pairs) at Dickerson Island (Québec) in 1999, an island east of 

Strachan Island, and at four nesting sites in 2008 within the St. Lawrence River (Cornwall) area.  

 

Species Census Year 

 1999 2008* 

Great Black-backed Gull 0 2 

Double-crested Cormorant 149 248 

Black-crowned Night-Heron 298 2 

Great Blue Heron 220 74 

Great Egret 65 0 

Totals 732 326 
* Four nesting sites include: Dickerson Island, Butternut Island, Navigational Marker D41 and 

Dodens Island; gulls were also present at Navigational Marker D41 but were not counted.  

 

From Lake Ontario to upstream of Strachan Island on the Canadian side of the St. Lawrence River, six 

colonial waterbird species including the common tern (Sterna hirundo) were found nesting in 2008, 

totaling nearly 12,000 nests at 18 different nesting locations (Table 8). Similar to Strachan Island, ring-

billed gulls were the most abundant species in this region and nest numbers from 1999 to 2008 declined 

by 35% at an average rate of decline of -4.7% per year. As a relatively new colonizer to the St. Lawrence 

River, double-crested cormorant nests were found in high numbers in this stretch of the River showing 

nearly an 800% increase in nest numbers from 1997 to 2008 and a high annual rate of increase (21.7%; 

see below for detailed discussion). Numbers of common tern nests which had increased by 78% from 

1990 to 1998 subsequently decreased in 2008 by 7% (equal to an annual rate of decline of -0.7%) where 

terns were found at three colonies. Similar numbers of colonial waterbird nests on Strachan Island 

compared to numbers along the entire Canadian length of the River (notably during the last two decadal 

surveys) illustrate the importance of Strachan Island as an key colonial waterbird nesting site on the St. 

Lawrence River (Table 6 and Table 8).  

 
Table 8. Census data of colonial waterbird nests (=pairs) at sites on the Canadian side of the St. Lawrence River 

from Lake Ontario to upstream of Strachan Island during the 1
st 

(1976), 2
nd 

(1990/91), 3
rd

 (1997-2000) and 4
th

 (2008) 

decadal surveys (Blokpoel, 1977; Blokpoel and Tessier 1996, 1998; CWS unpublished). Annual rates of change are 

for the 3
rd

 to 4
th

 surveys. ND denotes no data are available. 

Species 
Census Year Annual Rate 

of Change 1976 1990/91 1997-2000 2008 

Ring-billed Gull 25 8,401 14,592 9,477 -4.7% 

Double-crested Cormorant 0 0 242 2,090 +21.7% 

Herring Gull 45 50 94 82 -1.5% 

Great Black-backed Gull 0 0 1 2 +8.0% 

Black-crowned Night-Heron ND 2 46 66 +4.6% 

Common Tern 188 65 116 108 -0.7% 

Totals 258 8,518 15,091 11,825 - 
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On the U.S. side of the St. Lawrence River from Lake Ontario to Massena, New York, fewer numbers of 

colonial waterbird nests were found relative to the Canadian side during U.S. Fish and Wildlife Service 

decadal surveys (Table 9; Scharf and Shugart 1998; Cuthbert et al. 2001; NYSDEC, unpublished). In 

2008, nearly 4,000 colonial waterbird nests of five species including the great blue heron (Ardea 

herodias) were counted at 28 nesting sites. Comparing colonies which were surveyed in both years, 

annual rates of increase were apparent for both ring-billed gulls and herring gulls on the U.S. side of the 

River from 1998 to 2008 (of 21.0% and 7.4%, respectively). The over 200% increase in the number of 

ring-billed gull on the U.S. side of the River is in contrast to that observed on the Canadian side of the 

River where nest numbers decreased between similar survey periods (but where numbers are also much 

higher). Double-crested cormorants were new colonizers to this portion of the River nesting at five sites 

and in high numbers compared to the earlier census where they were not found. One large colony of great 

blue herons on Ironsides Island that had consisted of 793 nests in 1997 was gone in 2008 with predation 

by raccoons suspected. Two new great blue heron colonies however were reported on this side of the 

River in 2008. Common terns, which have historically nested in high numbers on the U.S. portion of the 

River, appeared fairly stable between survey periods with nest numbers decreasing by only 1% at 18 

colonies from 1997 to 2008. No colonial waterbird colonies were found on the New York side of the 

River from Cornwall Dam to the New York border in 2008, a stretch of the River approximately ten 

kilometres in length (L. Harper, pers. comm.).  

 
Table 9. Census data of colonial waterbird nests (=pairs) at sites on the U.S. side of the St. Lawrence River from 

Lake Ontario to Massena, New York during the 2
nd 

(1989-1991), 3
rd

 (1997-1999) and 4
th

 (2008) decadal surveys 

(Scharf and Shugart 1998; Cuthbert et al. 2001; NYSDEC, unpublished). No data are available for the 1
st
 survey in 

1977 along the U.S. portion of the St. Lawrence River.  

 

Species 
Census Year 

1989-1991 1997-1999 2008 

Ring-billed Gull 236 803 2,471 

Herring Gull 29 28 48 

Great Black-backed Gull 0 1 0 

Double-crested Cormorant 0 0 709 

Great Blue Heron 1,001 793 35 

Common Tern 601 663 656 

Totals 1,867 2,288 3,919 

 

 

Double-crested Cormorant Colony Distributions and Nest Numbers  

Following the pesticide era in 1960s and „70s, Strachan Island was the first known nesting site for double-

crested cormorants in the upper St. Lawrence River where 12 nests were reported in 1991 (Weseloh et al. 

2007). Since that year, annual systematic counts of double-crested cormorants nesting on the River have 

been conducted jointly by CWS and New York State Department of Environmental Conservation 
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(NYSDEC) biologists. Cormorant nest numbers have steadily increased on Strachan Island since 1991 

reaching a peak in 1997 when 485 nests were counted (Figure 9; Weseloh et al. 2007). Since that year, 

nest numbers have slowly declined to 305 nests in 2008, representing an average decline -4.1% per year.  

 

Double-crested cormorants slowly continued to colonize the region from Lake Ontario to upstream of 

Strachan Island following the report of a second nesting colony of two nests found at Griswold Island in 

1994 (Figure 9). The first cormorant colony to nest in U.S. waters of this region was in 2000 at Bogartus 

Island. Nest numbers continued to increase in this region of the River reaching over 2,200 nests at 12 

colonies in 2005. From 2005 to 2008, nest numbers decreased by 5%, representing an average annual rate 

of decline of -1.5% per year. Cormorants nesting in the U.S. waters of the St. Lawrence River represent a 

small proportion (i.e., between 3 to 13%) of the total nesting cormorant population on the River. Since 

2003, management activities by NYSDEC have attempted to reduce the numbers of cormorant nests at 

some sites (Weseloh et al. 2007). Total nests counts shown in Figure 9 include numbers at U.S. locations 

following management activities.  

 

At four sites east of Strachan Island where surveys have been conducted by CWS since 2000, cormorant 

nest numbers ranged from 145 nests at Dickerson Island in 2001 to 1,017 nests at three sites in 2003 

(Figure 9). In 2008, 248 nests at two active nesting colonies were reported at Dodens Island and 

Navigational Marker D41. Note that some of these colonies may have escaped detection in the early years 

and so total counts may be low in this area during this time. In addition, active shooting of cormorants 

and spent shotgun shells and dead cormorant carcasses found on Butternut Island and Navigational 

Marker D41 in some years as well as predation by raccoons have likely contributed to the erratic changes 

in nests numbers observed from 2001 to 2008 (Weseloh et al. 2007). Comparing only the three colonies 

where there are complete counts in 2003 and 2008 in this region, an average rate of decline of 38.6% per 

year of cormorant nests was evident in this region.     
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Figure 9. Annual nest counts of double-crested cormorants on the upper St. Lawrence River (both Canadian and 

U.S. sides) from 1991-2008 (Weseloh et al. 2007; CWS unpublished). Trends of total nest numbers are reported 

for colonies from Lake Ontario to east of Strachan Island, on Strachan Island and downstream west of Strachan 

Island.  

 

 
 

Spatial Trends of Contaminants in Herring Gull Eggs 

As non-migratory species, herring gulls are excellent biomonitors of regional contaminant conditions in 

the Great Lakes. While Strachan Island is located just outside of the St. Lawerence River (Cornwall) 

AOC, the daily foraging range of gulls nesting on the Island falls within the industrialized areas of the 

AOC. Herring gulls eggs were collected in 2006 and 2007 from Strachan Island, Snake Island, an 

upstream Annual Monitor Colony (AMC) in Lake Ontario, and Chantry Island, the reference site in Lake 

Huron and analyzed for contaminants. Mean contaminant concentrations for 11 compounds (i.e., 

organochloirine pesticides, PCBs, polybrominated diphenyl ethers (sum PBDEs) and mercury) for these 

two years in pooled eggs are provided in Table 10. For all three AMCs, PCBs (1:1 and sum) in herring 

gull eggs were found at the highest concentrations of all compounds with the highest mean concentrations 

found at Strachan Island relative to the other sites. Concentrations of p,p‟-DDE were ranked the second 

highest of all compounds at each AMC where eggs from Snake Island had the highest mean p,p‟-DDE 

level which was over two times that for Strachan Island. Concentrations of sum PBDEs, mirex and 

mercury were also found at higher concentrations relative to other contaminants at both Strachan Island 

and Snake Island. For the remaining compounds, mean concentrations in herring gull eggs were below 

0.10 μg/g. Overall among the three AMCs, eggs from Snake Island were the most contaminated for all 
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compounds with the exception of Strachan Island where eggs were the most contaminated for PCBs. Eggs 

from Strachan Island were the least contaminated for five of 11 compounds (i.e., dieldrin, 

hexachlorobenzene (HCB), heptachlor epoxide (HE), sum chlordane and sum PBDEs) while eggs from 

Chantry Island were the least contaminated for p,p‟-DDE, mirex, PCBs (1:1 and sum) and mercury with 

similar low levels of octachlorostyrene (OCS) at both Strachan and Chantry AMCs. Eggs from Snake 

Island were never the least contaminanted nor were eggs from Chantry ever the most contaminated for 

any of the compounds. No statistical tests were possible on only two years of pooled data. No dioxin or 

furan data are available for these two years. 

 

Significant differences in mean contaminants levels were found among the 15 Great Lakes AMCs for 

nine of 13 compounds from 2003 to 2007 (p<0.05, Figure 10). These compounds include: p,p‟-DDE, 

PCBs (1:1 and sum), mirex, HE, OCS,  2,3,7,8-TCDD (data for 2001 to 2005), sum PBDEs (no data 

available for 2004), and mercury. No significant differences in mean contaminant concentrations were 

found for dieldrin, sum chlordane, HCB, and 2,3,7,8-TCDF (data for 2001 to 2005). Figure 10 provides 

additional details with regard to significant differences in mean levels in eggs from Strachan Island 

relative to other AMCs on the Great Lakes. For all compounds Strachan Island was generally ranked as 

intermediate-low of all AMCs, with the exception of mirex and mercury where this AMC was ranked 

second of 15 AMCs. Mercury concentrations in herring gull eggs from Strachan Island from 2003 to 2007 

did not approach the threshold level of 0.5 ug/g typically associated with adverse reproductive effects in 

birds (range=0.16 to 0.25 μg/g; Thompson 1996). 

 

Two-site comparisons of contaminants in eggs from 2003 to 2007 at Strachan Island relative to Snake 

Island showed no significant differences in mean concentrations for any of the 13 compounds (p>0.05). 

Comparisons of mean contaminant concentrations at Strachan Island, Snake Island and Chantry Island 

showed no significant differences among the three sites for any compounds with the exception of: 1) 

mercury and PCBs (both 1:1 and sum) where means were not significantly different between Strachan 

Island and Snake Island but both were significantly higher than levels in eggs from Chantry Island 

F(2,12)>11.2, p<0.005), and 2) 2,3,7,8-TCDD where means were not significantly different between either 

Snake Island and Strachan Island and Strachan Island and Chantry Island but where Snake Island had 

significantly higher mean levels than Chantry Island (F(2,12)=5.00, p=0.026).  
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Table 10. Two-year mean (SD) concentrations of organochlorine pesticides, PCB 1:1, sum PCBs, and mercury (μg/g, wet weight) in herring gull eggs from Strachan 

Island on the St. Lawrence River, from Snake Island, an upstream herring gull colony on Lake Ontario, and from Chantry Island on Lake Huron in 2006 and 2007. 

Mean sum PBDE concentrations in eggs during this period are also shown (μg/kg, wet weight).  Results are based on the analyses of a single pooled egg sample of 10-

13 eggs per site. No dioxin or furan data are available for these years. 

 

AMC Year p,p’-DDE Dieldrin HCB HE Mirex OCS 
Sum 

Chlordane 
PCB 1:1

1
 

Sum 

PCBs
2
 

Mercury Sum PBDEs
3
 

Strachan I. 2006 0.836 0.011 0.006 0.008 0.157 0.003 0.028 7.583 4.751 0.182 224.880 

Strachan I. 2007 0.904 0.014 0.007 0.007 0.187 0.003 0.033 8.602 5.348 0.222 194.724 

 
Mean 0.870 0.012 0.006 0.008 0.172 0.003 0.030 8.092 5.050 0.202 209.802 

 
SD 0.048 0.002 0.000 0.001 0.021 0.000 0.004 0.721 0.422 0.029 21.324 

             
Snake I. 2006 2.663 0.059 0.025 0.039 0.457 0.007 0.133 7.024 3.741 0.229 371.445 

Snake I. 2007 1.294 0.027 0.011 0.014 0.243 0.004 0.065 8.116 4.190 0.295 288.257 

 
Mean 1.979 0.043 0.018 0.026 0.350 0.005 0.099 7.570 3.966 0.262 329.851 

 
SD 0.968 0.023 0.010 0.018 0.151 0.002 0.048 0.773 0.318 0.047 58.823 

             
Chantry I. 2006 0.804 0.056 0.014 0.023 0.083 0.005 0.086 2.866 1.695 0.088 192.160 

Chantry I. 2007 0.343 0.015 0.006 0.009 0.017 0.001 0.029 3.220 1.815 0.080 277.352 

 
Mean 0.573 0.036 0.010 0.016 0.050 0.003 0.058 3.043 1.755 0.084 234.756 

 
SD 0.327 0.029 0.006 0.010 0.046 0.003 0.041 0.250 0.085 0.005 60.240 

 
1 Based on 1:1 ratio of Aroclor 1254:1260 
2 Based on the sum of 59 PCB congeners 
3 Based on the sum of 25 PBDE congeners 
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Figure 10. Mean (SD) contaminant levels in herring gull eggs from 15 Annual Monitor Colonies (AMCs) on the Great Lakes from 2003-2007. The shaded bar 

indicates the Strachan Island AMC. No contaminants data were available for Fighting Island in 2006 or sum PBDEs in 2004. Means for 2,3,7,8–TCDD and 

2,3,7,8-TCDF are for eggs from 2001 to 2005 since no data are available for eggs collected in 2006 and 2007.    

  
a) p,p’-DDE                 b) Sum PCBs 

    
c) Dieldrin                d) Mirex   
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Figure 10. Mean (SD) contaminant levels in herring gull eggs from 15 Annual Monitor Colonies on the Great Lakes from 2003-2007 (continued). 

  

    
e) Sum Chlordane                 f) Heptachlor Epoxide (HE) 

 

    
g) Hexachlorobenzene (HCB)       h) Octachlorostyrene  (OCS)  
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Figure 10. Mean (SD) contaminant levels in herring gull eggs from 15 Annual Monitor Colonies on the Great Lakes from 2003-2007 (continued). 

 

  
i) 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)                 j) 2,3,7,8-tetrachlorodibenzofuran (TCDF)  
 

   
k) sum PBDEs                  l) Mercury
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A single overall rank of contaminantion in herring gulls eggs for each of the Great Lakes AMCs from 

2003 to 2007 was calculated using mean weighted ranks for nine contaminants relative to fish flesh 

criteria for the protection of piscivorous wildlife (see Weseloh et al. 2006 for methods; Figure 11). 

Among Great Lakes AMCs, there were significant differences in the overall ranks (F(14,120)=36.08, 

p<0.00001). Eggs from Strachan Island were signficantly different from the four  most contaminated 

AMCs (i.e., Middle Island in western Lake Erie to Hamilton Harbour in Lake Ontario) and fell into an 

intermediate range with a ranking equal to eighth
 
of the 15 Great Lakes AMCs in terms of overall mean 

contamination. Sum PCBs, sum DDT, and TCDD contributed the most to the rankings of the sites 

(83.5%, 9.5% and 5.0%, respectively).  

 
Figure 11. Mean weighted rank for nine contaminants in herring gull eggs from each AMC from 2003 to 2007 based 

on contaminant toxicity using fish flesh criteria guidelines. Values are based upon least squares following an 

ANOVA and bounded by 95% confidence intervals. Sites are arranged from most contaminated (lowest values) to 

least contaminated (largest values). 

 

 

 
 

Temporal Trends of Contaminants in Herring Gull Eggs 

Large declines in levels of 11 compounds were evident in herring gull eggs from Strachan Island from 

1986 to 2007 (Figure 12). Mercury (Hg) showed the smallest decline equal to 25.9% relative to the 

concentration in 1986 while OCS showed the largest decline equal to 91.5%. Sum PBDEs declined by 

57.0% from 2000 to 2007. Of all compounds, mercury, sum PBDEs and PCBs (1:1) decreased the least 

while organochlorine pesticides OCS, dieldrin, HCB and p,p’-DDE decreased the most from 1986 to 
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2007. In contrast, 2,3,7,8-TCDF  was the only compound which showed an increase of 14% from 1.00 to 

1.14 ρg/gram between these two years; this increase however may be an artifact of the methodology of 

chemical analysis used since the concentration reported in 1986 (i.e., 1.00 ρg/gram) was equal to the 

detection limit of the instrument. At Snake Island, the upstream AMC in Lake Ontario during a similar 

time period (i.e., 1986 to 2007), similar large declines of these compounds were apparent ranging from 

68.1% of the original concentration for sum chlordane to 91.0% for 2,3, 7,8-TCDF (Figure 13). In 

actuality, declines for many of these compounds measured at Snake Island are larger than shown here 

since egg collections at this AMC have been ongoing since 1974 (see Figure 14 below). Sum PBDEs also 

declined by 45.7% from 2000 to 2007. Mercury levels in eggs at this AMC, however, increased by 9.5% 

from 0.27 μg/g in 1986 to 0.30 μg/g to 2007. 

 

Figure 12. Percent decline in the concentrations of 11 contaminants in herring gull eggs from Strachan Island 

from 1986 (or 2000 for sum PBDEs) - 2007. 
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Figure 13. Percent decline in the concentrations of 11 contaminants in herring gull eggs from Snake Island from 

1986 (or 2000 for sum PBDEs) - 2007. Mercury is not shown here since concentrations increased by 9.5% 

between these two years at this AMC. 

 

Long term changes in contaminant levels are further illustrated in Figure 14 which shows annual 

contaminant concentrations in eggs from both AMCs since initiation of the monitoring program at 

Strachan Island in 1986 and Snake Island in 1974. Linear regressions of ln transformed data show 

significant declines in concentrations of all compounds at both AMCs (r>0.65; p<0.002) with a few 

exceptions. First, in eggs from Strachan Island, there was no significant change in mercury levels from 

1986 to 2007 (r=0.30, p=0.23) or sum PBDE levels from 2000 to 2007 (albeit marginally significant, 

r=0.86, p=0.06). It is noteworthy that there was also no significant change in mercury levels at Snake 

Island during the same time period (i.e., 1986 to 2007) after the initial decline in levels from the mid-

1970s to mid-1980s. Second, in eggs from Snake Island, a significant increase in levels of sum PBDEs 

was found from 1981 to 2007 where the concentration seemed to reach a peak in 1999 and then declined 

afterwards (Figure 14); clearly a linear model does not fit the trend at this AMC. Statistical analyses over 

a longer time period at Snake Island (i.e., since 1974 as in Figure 14) relative to trends shown in Figure 

13 which cover a shorter time period (i.e., from 1986 to 2007) accounts for some of the differences in 

temporal trends reported between the two methods. Interestingly, relative changes in levels of some 

compounds (notably TCDD in Figure 14i) for the two AMCs from year to year are similar (i.e. temporal 

changes in the two AMCs “mirror” one-another). 
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Figure 14. Temporal trends in levels of contaminants in herring gull eggs collected from Strachan Island on the St. Lawrence River from 1986-2007 and from 

Snake Island, an upstream herring gull colony on Lake Ontario from 1974-2007, where available. 

     
a) p,p’-DDE                    b) PCB 1254:1260 (1:1) 

     
c) Dieldrin                    d) Mirex 
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Figure 14. Temporal trends in levels of contaminants in herring gull eggs collected from Strachan Island and Snake Island (continued).  
 

       
e) Sum Chlordane        f) Heptachlor Epoxide (HE) 

 

  
g) Hexachlorobenzene (HCB)        h) Octachlorostyrene (OCS) 
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Figure 14. Temporal trends in levels of contaminants in herring gull eggs collected from Strachan Island and Snake Island (continued).  
 

    
i) 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) j) Sum PDBEs 

  

  
k) Mercury  
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Reproductive Health and Evidence of Estrogenic Effects 

Herring gull egg viability at Strachan Island from 2003 to 2005 ranged from 88.0% in 2005 to 90.7% in 

2004 (Table 11). Among Great Lakes colonies within each study year, significant spatial differences in 

mean egg viability were observed in 2003 and 2004 (F(3,178)=3.92, p=0.010 and F(4,163)=3.50, p=0.010, 

respectively) but not in 2005 (F(3,89)=1.60, p=0.20). Furthermore, no significant differences were found 

between mean egg viability at Strachan Island and Scotch Bonnet Island (an upstream reference Lake 

Ontario colony) in 2003, 2004, or 2005 (t>0.21, p>0.05). Since inter-year differences in egg viability at 

individual colonies were not significant, data were pooled across years and compared to mean egg 

viability at Lake Erie and Detroit River (Fighting Island) colonies sampled in 2001, 2002 and 2006. 

Overall, a significant difference in mean egg viability among Great Lakes colonies was found 

(F(8,707)=5.33, p<0.0001; Figure 15). While egg viability at Chantry Island was high from 2000 to 2004  

relative to other Great Lakes colonies (range=95.0%-98.5%; Table 11), egg viability was also high (and 

also low) for some clutches at these Great Lakes colonies contributing to the large variation observed at 

many of these sites (Figure 15). Factors that may affect egg viability are varied and may include toxic 

substances, bacterial and viral pathogens, and nutritional deficiencies. Inter-year similarities among sites 

suggest temporal consistency in spatial patterns of egg viability and thus stochastic factors such as 

disturbance and weather are unlikely causes of spatial differences in egg viability. Egg size parameters 

(i.e., clutch volume, intra-clutch variation in size) at Strachan Island were also within the range associated 

with good productivity (Hebert et al. 2002). Mean clutch volume (+SD) at Strachan Island in 2003 and 

2004 was equal to 258.7+17.6 cm
3
 (N=21) and 260.9+22.3 cm

3
 (N=13), respectively, and intra-clutch 

variation in size in these two years was equal to 7.8 + 3.4% and 6.1 + 2.7%, respectively. Clutch volume 

was not significantly different between Strachan Island and Chantry Island in 2003 but was significantly 

higher in clutches from Strachan Island compared to Chantry Island in 2004 (t(48)=0.23, p=0.82 and 

t(41)=2.8, p=0.01, respectively). No significant differences in intra-clutch variation between the two 

colonies were found in either 2003 or 2004.    

 
Table 11. Mean percentage (SD) of viable herring gull eggs in 3-egg clutches from Strachan Island and other Great 

Lakes colonies from 2003-2005 and Chantry Island from 2000-2004. N indicates the number of 3-egg clutches. 

Statistics are based on comparisons of mean percentage viable eggs within each year of study where similar 

uppercase are not significantly different.  

 

Colony Year % Viable N 

Chantry I. 2003 98.3 (7.4) A 57 

Hamilton Harbour 2003 96.4 (10.4) A, B 73 

Scotch Bonnet I. 2003 92.6 (21.3) A, B 27 

Strachan I. 2003 88.1 (18.9) B 25 

Hamilton Harbour 2004 97.5 (8.8) A 53 
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Colony Year % Viable N 

Chantry I. 2004 95.0 (14.0) A, B 46 

Strachan I. 2004 90.7 (22.5) A, B 25 

Scotch Bonnet I. 2004 89.5 (15.7) A, B 22 

Toronto 2004 85.0 (19.8) B 22 

Toronto 2005 100.0 (0.0) A 6 

Channel-Shelter I. 2005 93.1 (15.5) A 43 

Strachan I. 2005 88.0 (16.2) A 22 

Scotch Bonnet I. 2005 86.4 (22.2) A 22 

Chantry I. 2000 96.3 (10.5) 
 

36 

Chantry I. 2001 98.5 (7.0) 
 

43 

Chantry I. 2002 95.8 (11.1) 
 

47 

 

 

Figure 15. Mean percentage (SD) of viable herring gull eggs in 3-egg clutches from Strachan Island and other 

Great Lakes colonies from 2000-2005 (and in 2006 for Mohawk I. on Lake Erie) where collection years are 

pooled by colony.  
 

 
 

 

To examine if there was differential (possibly chemically mediated) mortality of males or females during 

in ovo development, herring gull chicks from Strachan Island, Scotch Bonnet Island and other Great 

Lakes sites were blood sampled from 2001 to 2004 to determine genetic sex (Table 12). The percent of 

chicks that were male ranged from 48.6% at Chantry Island in 2003 to 65.3% at Fighting Island on the 

Detroit River in 2001 with intermediate percentage values of males found at Strachan Island in 2003 and 
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2004 (i.e., 58.4% and 59.4% males, respectively). Overall, for all 11 colony-year comparisons, with one 

exception at Fighting Island in 2001, there were no significant deviations from the 1:1 sex ratio.  

 
Table 12. Sex ratios and percent males of herring gull chicks from Strachan Island and other Great Lakes colony 

sites from 2001-2004. 

 

Colony Year N Male Female Male:Female Ratio % Males 

Strachan I. 2003 

2004 

77 

74 

45 

44 

32 

30 

1.41 : 1 

1.47 : 1 

58.4 

59.4 

Scotch Bonnet I.  2004 29 18 11 1.64 : 1 62.1 

Toronto 2004 30 16 14 1.14 : 1 53.3 

Fighting I., Detroit 

River 

2001 

2002 

2003 

72 

76 

77 

47 

37 

39 

25 

39 

38 

1.88 : 1 

0.95 : 1 

1.03 : 1 

65.3* 

48.7 

50.6 

Middle Sister I., 

Lake Erie 

2001 

2002 

78 

75 

44 

41 

34 

34 

1.29 : 1 

1.21 : 1 

56.4 

54.7 

Chantry I.  

 

2001 

2003 

82 

72 

44 

35 

38 

37 

1.16 : 1 

0.95 : 1 

53.7 

48.6 
* significantly different from 1:1 ratio, p<0.05 

 

The presence of vitellogenin in males is indicative of exposure to environmental estrogens since 

vitellogenin is an egg yolk protein produced only by females and not normally produced by males. Of the 

40 males captured at Strachan Island, five plasma samples (12.5%) were found to contain detectable 

concentrations of vitellogenin (Table 13). Vitellogenin was also found in males from Hamilton Harbour 

(9.1%) and Fighting Island on the Detroit River (20.0%), two other Great Lakes Areas of Concern. No 

males from Chantry Island had detectable levels of the protein. 

   
Table 13. Occurrence of vitellogenin in male adult herring gulls from the Great Lakes from 2002-2004. 

 

Colony No. Males No. with Vitellogenin % Males  

Strachan I. 40 5 12.5% 

Hamilton Harbour 11 1 9.1% 

Fighting I. 10 2 20.0% 

Chantry I. 36 0 0% 

 

 
Stress Responses in Juvenile Herring Gulls 

Juvenile herring gulls were given a standardized stress challenge by administering ACTH and then 

measuring the bird‟s ability to respond through the production of corticosterone in the blood. Comparing 

corticosterone levels in birds from Strachan Island and the Scotch Bonnet Island reference site in 2004 

during the three time periods revealed that the corticosterone response was weaker in birds from Strachan 

Island than those from Scotch Bonnet Island (site effect: F(1,18)=12.80, p=0.002; Figure 16). As expected, 

there was a significant difference in the secretion of corticosterone over the three time periods following 

administration of ACTH (time effect: F(2,36)=239.46, p<0.00001) however the pattern of corticosterone 
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secretion did not differ significantly between birds from Strachan Island and those from Scotch Bonnet 

Island during the sampling procedure (site*time effect: F(2,36)=0.62, p=0.54). Furthermore, no significant 

difference in the mean maximal increase (i.e., difference between the maximal response value and the 

minimal value, +SD) was found between birds from Scotch Bonnet (39.4+5.3 ng/ml plasma) and 

Strachan Island (35.6+9.7 ng/ml plasma; t(18)=1.02, p=0.32). 

 

A similar pattern was found comparing corticosterone levels measured in birds from Strachan Island 

(2004) and Chantry Island (2003 and 2004) in which the corticosterone response was weaker in birds 

from Strachan Island than in those from Chantry Island (site effect: F(1,42)=21.77, p=0.0003; Figure 16). 

There was a significant difference in the secretion of corticosterone over the three time periods following 

administration of ACTH (time effect: F(2,84)=159.98, p=0.0000) and, in addition, the pattern of 

corticosterone secretion differed between birds from Strachan Island and those from Chantry Island 

during the sampling procedure (site*time effect: F(2,84)=4.13, p=0.019). The increase in corticosterone 

concentrations from 10 to 15 minutes was most pronounced at Chantry Island compared to either of the 

Strachan Island or Scotch Bonnet Island colonies. Juvenile herring gulls from Chantry Island also 

responded to the ACTH challenge with higher relative maximal and minimal plasma corticosterone 

values than birds from Strachan Island. That is, the mean maximal increase (i.e., difference between the 

maximal response value and the minimal value during the three time periods, +SD) was higher in birds 

from Chantry Island (48.8+20.4 ng/ml plasma) vs. those from Strachan Island (35.6+9.7 ng/ml plasma); 

this difference however was only marginally significant (t42=1.80, p=0.08). Mean plasma corticosterone 

levels in herring gulls from other Lake Ontario colonies following the stress response challenge are 

provided for comparison purposes where a significant difference in corticosterone response among sites 

was also found (site effect: F(4,71)=6.48, p<0.00001; Figure 16). Since the injected ACTH acts on the 

adrenal cortex, the results obtained do not provide insight into the integrity of the hypothalamo/anterior 

pituitary axis (HPA), but rather assesses the function of the adrenal gland. 

 

These results indicate that herring gull chicks from Strachan Island, which are known to be contaminated 

with a range of persistent organic compounds including PCBs and DDT (see Table 10), are less able to 

respond to a stress event than birds from both Scotch Bonnet Island (where corticosterone levels were 

overall higher) and the Chantry Island, Lake Huron reference colony (where there was a higher and rapid 

response). Juvenile herring gulls may be exposed to these compounds in ovo, and through the 

consumption of contaminated fish. Herring gulls from this AOC may not be able to generate sufficient 

corticosterone to respond adequately to physical, as well as environmental stressors. Alterations in HPA 

function may affect growth by modulation of gluconeogenic and lipogenic pathways (Lorenzen et al. 
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1999). Further research is required to better elucidate the role of depressed corticosterone production on 

the health of fish-eating birds in contaminated sites. 

 
Figure 16. Mean (SE) corticosterone levels in plasma of juvenile herring gulls from Great Lakes colonies after a 

ACTH challenge and measured over three time periods (10, 25, and 45 minutes). Juveniles were blood sampled 

from Strachan I. (N=12), Hamilton Harbour (N=12), Toronto (N=12), and Scotch Bonnet I. (N=8) in 2004 and 

from Chantry I. (N=32 total) in 2002 and 2003.  

 

 

 
 

 

Mink (Mustela vison) 

Spatial Trends of Contaminants in Mink Liver 

Of all compounds, PCBs were found at the highest concentrations in liver with mean sum PCB levels 

(+SE) ranging from 51 (+19) µg/kg (wet weight) in mink from inland Ontario sites to 195 (+51) µg/kg in 

mink from the St. Lawrence River AOC from 1999 to 2001(Table 14). Overall, hepatic sum PCB 

concentrations in mink from the St. Lawrence River AOC were not significantly different from that of 

Kingston (non-AOC) or nearby inland reference sites (F(2,22)=1.36, p=0.28). No mink from the St. 

Lawrence River AOC had hepatic sum PCB concentrations that exceeded the lowest effect level for kit 

growth of 980 μg/kg wet weight (Restum et al. 1998). In comparison to mink collected from other sites in 

the Great Lakes, sum PCB burdens in mink from the St. Lawrence River AOC were relatively low 

(Figure 17a).  
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Table 14.  Mean (SE) organochlorine pesticide, PCB and sum PBDE concentrations in livers of mink trapped in 

the St. Lawrence River (Cornwall) AOC, Kingston (Ontario) and inland Ontario sites from 1999–2001. 

Contaminant concentrations are shown on a lipid basis (mg/kg) and a wet weight basis (μg/kg) and wet weight 

concentrations are shown as mean (SE) maximum wet weight concentration. N denotes the number of 

individuals collected but note that one additional inland Ontario mink was collected for sum PCB analysis only 

(i.e., N=7). ND denotes below the level of detection and NM indicates that compound was not measured.  

Compound  Site Statistic
3
 

  St. Lawrence River 

AOC
1
 

Kingston
1
 Inland Ontario

2
  

 N 14 5 6  

Sum PCBs lipid 23.47 (7.79) 5.63 (4.30) 2.71 (0.93) F = 1.36 

 wet 195 (51) 653 83 (58) 312 51 (19) 138 p = 0.28 

      

PCB 1260 lipid 28.74 (10.49) 7.53 (5.80) 3.94 (1.72) F = 1.10 

 wet 248 (77) 950 110 (78) 421 64 (35) 230 p = 0.36 

      

PCB1254:1260 lipid 80.1 (28.95) 13.03 (9.75) 5.97 (2.54) F = 1.90 

 wet 640 (191) 2,468 192 (131) 711 82 (32) 168 p = 0.17 

      

p,p’-DDE lipid 1.27 (0.37) 0.69 (0.32) 0.15 (0.04) H = 5.55 

 wet 11.58 (2.28) 28.42 11.07 (4.20) 26.42 3.00 (1.11) 10.46 p = 0.06 

      

p,p’-DDD lipid 0.06 (0.02) ND ND H = 4.10 

 wet 0.48 (0.13) 1.72   p = 0.13 

      

p,p’-DDT lipid 0.12 (0.04) 0.20 (0.08) 0.37 (0.31) F = 0.41 

 wet 1.73 (0.67) 8.48 3.28 (1.25) 6.12 8.87 (7.34) 45.0 p = 0.67 

      

OCS lipid 0.007 (0.002) ND ND H = 1.88 

 wet 0.10 (0.03) 0.51   p = 0.39 

      

Oxychlordane
4
 lipid 0.88 (0.23) A 0.10 (0.10 ) B 0.04 (0.04) B F = 5.70 

 wet 9.35 (2.42) 32.32 1.41 (1.36) 6.83 1.04 (0.99) 6.00 p = 0.01 

      

HE lipid 0.018 (0.008) ND 0.006 (0.002) H = 0.72 

 wet 0.31 (0.16) 1.74  0.13 (0.08) 0.05 p = 0.70 

      

HCB lipid 0.014 (0.003)  ND    ND   F =10.5 

 wet 0.22 (0.06) 0.90   p = 0.006 

      

Dieldrin lipid 0.39 (0.12) ND ND H = 6.34 

 wet 5.13 (1.28) 15.27   p = 0.04 

      

Mirex lipid 0.68 (0.24) ND ND H = 6.34 

 wet 7.60 (1.89) 20.45   p = 0.04 

      

Sum PBDEs
5
 N 8 NM 2 t = 0.56 

 lipid 0.18 (0.08)  0.08 (0.01) p = 0.59 

 wet 1.73 (0.92) 7.36  2.11 (0.05) 2.16  
1 Animals trapped within 7 km of the St. Lawrence River or Lake Ontario shorelines 
2 Animals trapped 8-40 km of the St. Lawrence River or Lake Ontario shorelines 
3 Based on analyses of lipid weight values where differing uppercase letters were significantly different (p<0.05); “F” and “H” 

statistics denote results of parametric ANOVA and non-parametric Kruskal-Wallis ANOVA tests, respectively.  
4  Other isomers of chlordane (i.e., cis-chlor, trans-chlor, cis-nonachlor and trans-nonachlor) were below the limit of 

detection. 
5 Data for St. Lawrence River mink trapped in 2006 
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Mean concentrations of p,p’-DDE in liver were also not significantly different among study sites (H(2,22)= 

5.55, p=0.06; Table 14) and, overall, hepatic concentrations of p,p’-DDE were relatively low  

in mink from the St. Lawrence River AOC as compared to mink from other Great Lakes sites (Figure 

17b). Mean concentrations of oxychlordane were significantly higher in mink from the St. Lawrence 

River AOC than at either Kingston or inland sites (F(2,22)=5.70, p=0.01; Table 14). Concentrations of 

heptachlor epoxide (HE) did not differ significantly among sites and were below the LOAEL 

concentration for mink (equal to 8.87 μg/g, based on whole body concentrations) (Crum et al. 1993). 

Dieldrin, hexachlorobenzene (HCB) and mirex were detected in liver of mink from the St. Lawrence 

River AOC but not in mink from the other two reference sites. Hepatic mirex levels were high in mink 

from the St. Lawrence River AOC relative to other Great Lakes sites (Figure 17c). Levels of sum PBDEs 

were low in mink trapped in the AOC in 2006 and similar to levels found in two mink from inland 

Ontario. In addition, levels of PBDEs in these mink did not exceed the no adverse effect level for thyroid 

hormone disruption (Zhang et al. 2009).  

 

Figure 17. Mean (SE) concentrations of sum PCBs (A), p,p’-DDE (B) and mirex (C) in livers of mink collected 

from sites in the Great Lakes (μg/kg, wet weight). Filled bar denotes mean concentration in mink from the St. 

Lawrence River (Cornwall) Area of Concern and mean concentrations in mink from Kingston (non-AOC) and 

inland Ontario sites (which include two additional inland mink from west of Hamilton) are also shown.  
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In six pooled livers of mink from the St. Lawrence River AOC, coplanar PCBs with dioxin-like effects 

were the most important contributors to the overall TEQ which was well below the no observable effect 

TEQ concentration of 77.8 ng/kg wet weight in mink liver (Table 15; Blankenship et al. 2008).  
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Table 15. Coplanar PCBs with dioxin-like effects, dioxin and furan concentrations and associated total TEQs 

(ng/kg, wet weight) in pooled livers of six mink trapped in the St. Lawrence River AOC (three from Canadian 

side, three from U.S side of the AOC) from 1999-2001. TEQs are based upon toxic equivalency factors 

developed by van den Berg et al. (2006) for mammals. TEQ percent contributions for each of the groups of 

compounds are also provided.  

  

Compound St. Lawrence River AOC 

PCB Congeners  

PCB 77 8.3 

PCB 126 186 

PCB 169 10.3 

PCB 189 471 

TEQ (Dioxin-like PCBs) 19.0 

% Total TEQ 82.1 % 

PCDD Congeners  

2,3,7,8-TCDD 0.96 

1,2,3,7,8-PnCDD 0.30 

1,2,3,4,7,8-HxCDD 0.34 

1,2,3,6,7,8-HxCDD 4.32 

1,2,3,7,8,9-HxCDD 0.45 

1,2,3,4,6,7,8-HpCDD 65.6 

OCDD 368 

TEQ (Dioxins) 2.54 

% Total TEQ 11.0 % 

PCDF Congeners  

2,3,7,8-TCCDF 0.19 

1,2,3,7,8-PnCDF ND 

2,3,4,7,8-PnCDF 4.15 

1,2,3,4,7,8-HxCDF 0.56 

1,2,3,6,7,8-HxCDF 0.81 

1,2,3,7,8,9-HxCDF ND 

2,3,4,6,7,8-HxCDF 1.26 

1,2,3,4,6,7,8-HpCDF 3.25 

1,2,3,4,7,8,9-HpCDF 0.56 

OCDF 29.3 

TEQ (Furans) 1.59 

%Total TEQ 6.9 % 

Total TEQ 23.13 

 

 

Of all metals, total mercury (Hg) concentrations were consistently highest in liver of mink from the St. 

Lawrence River AOC, Kingston (non-AOC area) and inland Ontario sites (Table 16). Mean mercury 

concentrations were not significantly different among study sites (F(2,22)=0.98, p=0.39). Importantly, high 

levels of mercury found in mink trapped from one site within the AOC (i.e., at Cooper Marsh where 

seven of fourteen AOC mink were trapped) contributed to the overall high degree of variability in 

mercury concentrations found among AOC mink relative to mink from the other two sites. Consequently, 

this pattern contributed to the inability to detect a significant difference in mercury levels among mink 

from within the AOC versus those from the other two sites (see temporal trends section below for more 
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detailed discussion). In mustelids which died of methylmercury intoxication in experimental studies or 

which were found dead or dying in the wild, total mercury concentrations in the liver have typically 

exceeded 25 μg/g wet weight (Wobeser and Swift 1976; Wobeser et al. 1976; Wolfe et al. 1998). In this 

study, all mink were well below this threshold concentration and only two mink had hepatic mercury 

burdens which exceeded 10 μg/g wet weight. Unfortunately, little information is available on the effects 

of sublethal concentrations of mercury on mink. The mean organic (methyl) mercury concentration (+SE) 

was equal to 0.45 (+0.23) μg/g ww in five mink collected from 1999 to 2001 from the St. Lawrence River 

AOC. Expressed as percentage of total mercury in liver, the mean percentage of organic mercury (equal 

to 52.3%) closely approximated that found in mink collected in the mid 1980s from Ontario (53.1%, 

Wren et al. 1986). While total mercury burdens in the St. Lawrence River AOC mink from 1999 to 2001 

were below probable effect levels, hepatic mercury concentrations were higher in mink from this AOC 

relative to mercury concentrations in mink from all other sites in the Great Lakes (Figure 18a). 

 

Table 16.  Mean (SE) and maximum concentrations of lead, selenium, cadmium, arsenic, total mercury (Hg) and 

organic mercury in livers of mink trapped in the St. Lawrence River (Cornwall) AOC, Kingston (Ontario) and 

inland Ontario sites from 1999-2001. Metal concentrations (μg/g) are shown both on a dry weight basis and a 

wet weight basis and both dry and wet weight concentrations are shown as mean (SE) maximum concentration.  

N denotes the number of individuals collected. Mean percentage of organic mercury (out of total mercury) in 

mink liver is also shown.  

Compound  Site Statistic
3
 

  
St. Lawrence River 

AOC
1
 

Kingston
1
 Inland Ontario

2
  

 N 14 5 6  

Lead dry 0.29 (0.08) 0.93 0.19 (0.05) 0.37 0.13 (0.03) 0.24 F = 0.10 

 wet 0.09 (0.03) 0.27 0.05 (0.02) 0.10 0.03 (0.01) 0.06 p = 0.91 

      

Selenium dry 4.14 (0.58) 9.57 A 2.23 (0.29) 2.95 B 2.13 (0.26) 3.25 B F = 6.21 

 wet 1.23 (0.21) 3.16 0.51 (0.10) 0.85 0.55 (0.06) 0.84 p = 0.007 

      

Cadmium dry 0.16 (0.03) 0.44 0.15 (0.04) 0.29 0.12 (0.04) 0.28 F = 0.64 

 wet 0.05 (0.01) 0.12 0.03 (0.01) 0.04 0.03 (0.01) 0.07 p = 0.54 

      

Arsenic dry 0.21 (0.05) 0.54 0.14 (0.03) 0.20 0.12 (0.02) 0.18 H = 0.77 

 wet 0.07 (0.02) 0.18 0.03 (0.01) 0.06 0.03 (0.004) 0.044 p =  0.68 

      

Total Hg dry 9.15 (2.75) 33.1 2.96 (0.53) 4.45 3.94 (2.14) 14.3 F = 0.98 

 wet 2.82 (0.94) 10.9 0.65 (0.15) 1.13 1.01 (0.55) 3.71 p = 0.39 

      

Organic Hg N 5 - -  

 dry 1.63 (0.82) 4.42    

 wet 0.45 (0.23) 1.24    

      

% Organic Hg  52.3 (3.6) 62.8    
1 Animals trapped within 7 km of the St. Lawrence River or Lake Ontario shorelines 
2 Animals trapped 8-40 km of the St. Lawrence River or Lake Ontario shorelines 
3 Based on analyses of dry weight values where differing uppercase letters were significantly different (p<0.05); “F” and “H” 

statistics denote results of parametric ANOVA and non-parametric Kruskal-Wallis ANOVA tests, respectively.  
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Figure 18. Mean (SE) concentrations of total mercury (A) and selenium (B) in livers of mink collected from sites 

in the Great Lakes (μg/g, dry weight). Filled bar denotes mean concentration in mink from the St. Lawrence 

River AOC and mean concentrations in mink from Kingston (non-AOC) and inland Ontario sites (which include 

two additional inland mink from west of Hamilton) are also shown.  
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Mean selenium concentrations were significantly higher in mink from the St. Lawrence River AOC than 

from either Kingston or inland sites which were not significantly different (Table 16). While selenium 

itself is toxic in higher concentrations, it also has an antagonistic effect on mercury toxicity, decreasing 

the toxic effects of mercury exposure (Cuvin-Aralar and Furness 1991). Selenium uptake in mammals is 

believed to be enhanced in response to tissue mercury concentrations so that the elevated levels of 

selenium in mink livers from the St. Lawrence River AOC may be more of a reflection of higher mercury 

levels at this site (Wren 1986). Selenium concentrations in liver of mink from the St. Lawrence River 

AOC were also higher than at all other Great Lakes sites where mink were trapped from 1999 to 2001 

(Figure 18b). 

 

Cadmium concentrations in mink liver did not vary significantly among sites and were several orders of 

magnitude lower than concentrations (100 – 200 μg/g wet weight) associated with kidney dysfunction 

(Scheuhammer 1991). Lead levels also did not vary among sites and were similarly below probable effect 

levels of greater than 10 μg/g (Buck et al. 1976). Similarly arsenic levels did not differ among sites and 

concentrations in all mink were well below effect levels. In rats with an arsenic concentration of 53.7 

μg/g in liver, no adverse effects associated with arsenic toxicity were seen (Siewicki 1980).  

 

Temporal Trends of Contaminants in Mink Liver – Metals 

Significant and dramatic differences in mean total mercury, lead and arsenic concentrations were found in 

mink liver between the time periods 1999-2001 and 2006 in the St. Lawrence River AOC (Figure 19). 

Mean mercury (+SE) concentrations significantly decreased from 9.15+2.75 μg/g dry weight in 1999-

2001 to 1.60+0.45 μg/g dry weight in 2006 (t(20)=2.45, p=0.024). A similar significant decrease was found 

for lead between 1999-2001 and 2006 where mean (+SE) levels were equal to 0.29+0.08 μg/g and 0.03 

+0.01 μg/g, respectively (t(20)=2.21, p=0.04, Figure 19b). In addition, a similar decrease was also found 

for arsenic where mean hepatic levels were equal to 0.21+0.05 μg/g in 1999-2001 and 0.010 +0 μg/g (all 

below detection limit) in 2006 (U=20, p=0.010; Figure 19c). Upon further examination of the data, 

however, these temporal patterns may be a result of differences in trapping locations between the two 

time periods which may have biased the data toward higher metal concentrations during the early trapping 

period. Specifically, seven of the fourteen mink trapped in 1999-2001 were trapped at one location (i.e., at 

Cooper Marsh) where levels of mercury were elevated (mean (SE)=15.25 (4.35), range=5.2-33.1 μg/g) 

relative to the other seven St. Lawrence River AOC mink (mean (SE)=3.05 (1.18), range=0.5-8.4 μg/g). 

Mercury levels were in fact significantly higher in mink from Cooper Marsh compared to elsewhere 

within the AOC (t(12)=3.71, p=0.003). Collections of mink are highly dependent on volunteer trapper‟s 

activities and coincidentally no mink were trapped at Cooper Marsh in the latter trapping period. 
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Figure 19. Mean (SE) concentrations of total mercury (A), lead (B), and arsenic (C) in livers of mink (μg/g, dry 

weight) from the St. Lawrence River (Cornwall) AOC in 1999-2001 and 2006 (N=14 and 8, respectively). Also 

provided are mean metal concentrations (SE) where seven mink trapped in Cooper Marsh with notably high 

mercury and arsenic levels were removed from the analyses (see text for details).  

 

      A) Total Mercury 

 

      B) Lead 

  

     C) Arsenic 
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Similarly, high levels of arsenic were also found in mink from Cooper Marsh (range=0.21-0.54 μg/g) 

relative to other AOC mink trapped within the same time period (range=0.01-0.39 μg/g). Removal of the 

seven Cooper Marsh mink from the temporal analysis revealed no significant differences in levels of 

mercury, lead or arsenic in mink from the St. Lawrence River AOC between the two time periods 

(p>0.05; Figure 19).  

 

Elevated levels of mercury in some mink from Cooper Marsh relative to other St. Lawrence River 

(Cornwall) AOC sites is of interest. This wetland, approximately 218 hectares in size, was historically 

once a lowland area used for farming but the area was subsequently flooded in the mid-1800s (Holmes 

and Lean 2006). In the 1980s, Ducks Unlimited created two impoundments within the marsh where water 

levels have been subsequently controlled to increase wetland species diversity. Beginning in 2002 and 

phased over several years, the Raisin River Conservation Authority (RRCA) started excavations to create 

a series of serpentine channels and associated large ponds within the former monotypic cattail marsh to 

further improve the health of the marsh. Wetland environments act as natural sites of mercury 

methylation and may be a potential source of mercury to biota including mink (Wiener et al. 2003). The 

source of mercury exposure in Cooper Marsh mink is unclear given that it is difficult to discern between 

sources of mercury arising from natural and anthropogenic activities in the wetland (e.g., flooding) and 

those from distant upstream industrial sources. These findings are somewhat surprising given that this 

area is considered pristine supporting good quality habitat for fish and wildlife species including some 

species at risk (C. Critoph, RRCA, pers. comm.). In addition, other studies during a similar time period 

provide only some evidence of elevated mercury levels in this wetland relative to other sites. Total 

mercury levels measured in surficial sediment, tree swallow nestlings and snapping turtle eggs from 

Cooper Marsh in 1999 and/or 2000 were similar to or in fact lower than levels found at sites upstream of 

the marsh (Martinovic et al. 2003; Ashpole et al. 2004; McDaniel et al. 2004). Holmes and Lean (2006) 

found that water column concentrations of total mercury from Cooper Marsh in 2002 were similar to 

levels found in three other Ontario and Québec wetlands with overall relatively lower concentrations of 

organic (methyl) mercury detected. In addition, while low methylmercury concentrations were detected in 

surficial sediment, relatively higher levels of total mercury were found in this wetland compared to other 

wetlands which is suggestive of elevated mercury levels in this marsh. However, only certain 

environmental conditions in aquatic systems (e.g., low pH) promote the microbial methylation of 

inorganic mercury to methylmercury (the toxic form of mercury to fish and wildlife) and its transport into 

the biotic foodweb. It is not known the extent of methylmercury exposure in Cooper Marsh mink from 

this wetland since methylmercury was not measured in these animals. Future trapping and mercury 
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analysis (including methylmercury) of mink from Cooper Marsh may provide some insight to the degree 

of current mercury exposure, changes in exposure over time and potential mercury sources in this area.  

 

Mean cadmium (+SE) concentrations in liver were not significantly different between 1999-2001 and 

2006 (equal to 0.16 (+0.03) μg/g and 0.19 (+0.05) μg/g, respectively; t(20)=0.56, p=0.58). There was also 

no significant change in mean selenium (+SE) concentrations between 1999-2001 and 2006 (4.14 (+0.58) 

μg/g and 3.02 (+0.35) μg/g, respectively; t(20)=1.36, p=0.19). Mean organic mercury (+SE) concentrations 

were similar in the five mink trapped in 1991-2001 (none of which were from Cooper Marsh) and the 

eight mink trapped in 2006 (equal to 1.63 (+0.82) μg/g and 0.94 (+0.28) μg/g dry weight, respectively; 

t(11)=0.96, p=0.36). In addition, there was no significant change in the mean proportion (+SE) of organic 

mercury to total mercury between 1999-2001 and 2006 (52.3 (+3.6%)% and 57.4 (+3.13)%, respectively, 

t(11)=1.05, p=0.32). Generally, levels of metals in mink collected in 2006 were low and did not approach 

threshold values associated with adverse effects.   

 

Somatic Indices 

In both male and female mink, there was a non-significant trend towards heavier mink in the Kingston 

area (Table 17). Organ indices, particularly liver and spleen, may be affected by contaminant burdens. 

Liver somatic indices were significantly different among the three study sites with a significantly higher 

mean value in mink from the St. Lawrence River AOC compared to that in the Kingston area (non-AOC) 

reference site (Table 17). All other organ indices were statistically similar among sites. Although not 

significant, mink from Kingston had a lower mean kidney index compared to those at the other two sites; 

the low sample size however likely contributed to the high variability observed at this site resulting in the 

inability to discern a significant difference. Baculum weight and length were also compared among sites 

as some reports (e.g., Harding et al. 1999) suggest that these parameters may vary with contaminant 

burdens. There was a trend towards larger baculum size in Kingston as compared to the other sites, but 

these relationships were non-significant (Table 17). 
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Table 17. Mean weight (SE) of male and female mink and organ somatic indices (SE) for mink trapped in the St. 

Lawrence River (Cornwall) AOC, Kingston (Ontario) and inland Ontario sites from 1999-2001. Organ indices 

are organ weights adjusted for body size of the animal. Mean (SE) testes weights, baculum weights and baculum 

lengths are also provided. N denotes the number of individuals collected.  

 

Endpoint Sites Statistic
3
 

 St. Lawrence River 

AOC
1
 

Kingston
1
 Inland Ontario

2
  

Weight       N 14 3 12 F = 0.65 

Males (g) 801.0 (55.0) 931.4 (118.9) 867.2 (59.4) p = 0.53 

     

Weight       N 8 2 7 F = 1.84 

Females (g) 471.1 (47.8) 506.4 (51.1) 676.0 (95.6) p = 0.19 

     

Liver          N 22 5 19 F = 4.08 

Index 0.067 (0.002) A 0.054 (0.005) B 0.060 (0.003) AB p = 0.02 

     

Heart          N 22 5 19 F = 1.30  

Index 0.013 (0.0006) 0.011 (0.001) 0.013 (0.0007) p = 0.28 

     

Lung           N 22 5 19 F = 0.07  

Index 0.032 (0.001) 0.021 (0.003) 0.029 (0.001) p = 0.94 

     

Kidney        N 20 4 9 F = 2.86 

Index 0.011 (0.0003) 0.009 (0.0007) 0.011 (0.0005) p = 0.07 

     

Spleen         N 22 5 18 F = 0.9 

Index 0.005 (0.0004) 0.007 (0.001) 0.005 (0.0005) p = 0.41 

     

Omentum    N 22 5 16 F = 0.77 

Index 0.007 (0.001) 0.007 (0.002) 0.010 (0.001) p = 0.47 

     

Pancreas     N 22 5 17 H = 3.87 

Index 0.005 (0.0003) 0.005 (0.0007) 0.006 (0.0004) p = 0.14 

     

Testes         N 8 2 10 F = 2.47 

Weight (g) 1.52 (0.51) 4.70 (1.02) 1.48 (0.45) p = 0.11 

     

Baculum     N 11 3 10 F = 2.4 

Weight (g) 0.24 (0.02) 0.27 (0.04) 0.18 (0.02) p = 0.11 

     

Baculum     N 11 3 10 F = 0.49 

Length (mm) 39.8 (0.85) 41.13 (1.54) 39.29 (0.89) p = 0.62 

 
1 Animals trapped within 7 km of the St. Lawrence River or Lake Ontario shorelines 
2 Animals trapped 8-40 km of the St. Lawrence River or Lake Ontario shorelines 
3 Differing uppercase letters were significantly different (p<0.05); “F” and “H” statistics denote results of parametric 

ANOVA and non-parametric Kruskal-Wallis ANOVA tests, respectively. 
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Conclusions 

Mercury is considered one of the major environmental concerns in the St. Lawrence River (Cornwall) 

AOC (St. Lawrence River RAP Team 1992). Pollutant inputs into the St. Lawrence River have decreased 

considerably over the past 25 years in large part due to environmental legislation aimed at reducing point-

source loading to the River and following improved industrial practices. Following the closure of the 

three major industries along the Cornwall waterfront (i.e., Courtaulds Fibres, ICI Forest Products, and 

Domtar Fine Papers), there are currently no significant sources of mercury or other heavy metals to the 

River. Of concern, however, are historical inputs of mercury and other metals that persist in sediments 

downstream from these sources which may pose a risk to biota as a result of biomagnification through the 

aquatic ecosystem. In this study, no significant differences in mercury levels were found between samples 

collected at locations downstream from these industries within the AOC and upstream non-AOC 

reference locations for herring gulls (Strachan Island and Snake Island, 2003-2007), snapping turtles 

(Raisin River and Upper Canada Bird Sanctuary, 2001-2004) and mink (St. Lawrence River (Cornwall) 

AOC and inland Ontario and Kingston, 1999-2001). While levels of mercury accumulation appeared 

elevated in these wildlife species from the AOC, these levels were not significantly higher relative to 

levels at other Great Lakes locations (see Figures 6, 10 and 17). The influence of ambient pollution in the 

River arising from sources upstream of the AOC and from the Great Lakes via Lake Ontario must also be 

considered as mercury levels were also high (notably for herring gulls and turtles) at these upstream non-

AOC locations relative to other Great Lakes locations. Sources of contaminants upstream of the AOC are 

considered outside of the scope of the St. Lawrence River RAP. These findings are in contrast to those 

found in yellow perch (Perca flavescens) collected in 2004 and 2005 along a 10 kilometre stretch of the 

Cornwall waterfront where there were distinct mercury-contaminated and uncontaminated depositional 

zones (Fowlie et al. 2008). Populations of yellow perch from these zones varied significantly in the 

degree of mercury contamination and some individuals exceeded the Ontario fish consumption advisory 

guideline for sensitive human populations. In this study, collections of mink and snapping turtles were 

further downstream of the Cornwall waterfront (and major industries) which at least partially contributes 

to spatial differences in mercury exposure found among species. While mercury levels were elevated in 

mink from Cooper Marsh relative to other mink trapped within the AOC, it is unclear whether the source 

of mercury is due to natural sources versus distant industrial sources upstream of this wetland. Indeed this 

finding was surprising since elevated levels of mercury have not been generally reported in water, 

sediment or other biota from this wetland during a similar time period and further study of this would be 

of interest. 
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Metal concentrations in mink liver from the St. Lawrence River AOC (including Cooper Marsh) were 

below lowest effect levels for mercury, cadmium, lead and arsenic (Buck et al. 1976; Wobeser and Swift 

1976; Wobeser et al. 1976; Siewicki 1980; Scheuhammer 1991; Wolfe et al. 1998). Interestingly, 

selenium was found at higher levels relative to other metals in both snapping turtle eggs and mink liver 

(Tables 2 and 14). For animals feeding in a mercury contaminated area, the presence and accumulation of 

selenium in tissues may provide some protective action against the toxic effects of mercury (Cuvin-Aralar 

and Furness 1991). Mercury levels in herring gull eggs from 2003 to 2007 were also well levels 

associated with adverse reproductive effects in birds (0.5 μg/g, weight weight, Thompson 1996). 

 

No significant temporal declines in levels of mercury were found in wildlife in the St. Lawrence River 

AOC. While hepatic mercury concentrations in mink decreased significantly between the periods 1999-

2001 and 2006, this difference was likely due to differences in trapping locations of mink within the 

AOC. Despite the apparent decrease in mercury concentrations in herring gulls eggs at Strachan Island in 

2007 compared to 1986 (i.e., -25.9%), this decline was not significant using regression analysis (i.e., 

slope was not significantly different from zero). Expected contaminant declines specific to local sources 

in the AOC following remediation activities may be confounded by upstream inputs where levels may 

also be high and vary between years. For instance at Snake Island in 2007, the level of mercury in eggs 

increased by 9.5% relative to the concentration in 1986. Significant declines of mercury levels in spottail 

shiner (Notropis hudsonius) and yellow perch have been found in the St. Lawrence River (Cornwall) 

AOC since the 1970s (Ion et al. 1997; Choy et al. 2008). A rigorous examination of temporal declines of 

mercury in eggs of snapping turtles was not possible with data available for only two years of collection 

at Snye Marsh.  

 

Of all organochlorine contaminants, PCBs were found in the highest concentrations in wildlife species. 

The major sources of PCBs to the St. Lawrence River AOC are on the south side of the River at the three 

large industrial facilities near Massena, New York (i.e., Aluminum Company of America, General Motors 

Powertrain Division and Reynolds Metals Co.) (Dreier et al. 1997). High concentrations of PCBs in 

snapping turtle eggs from Akwesasne on the south shore of the St. Lawrence River in the 1990s were 

attributed to upstream industrial sources in the U.S. portion of the AOC (Bishop et al. 1998; de Solla et 

al. 2001). Similarly, transboundary movement of PCBs from these sources is likely the main source of 

PCBs to snapping turtles in Snye Marsh (Akwesasne, Québec) where eggs from the south shore of the St. 

Lawrence River have historically had higher levels of PCBs relative to sampling locations on the north 

shore (see Table 3; Ashpole et al. 2004). In this study, mean PCB levels were not significantly different 

among the two AOC sites (i.e. Snye Marsh and Raisin River) and the upstream non-AOC site (Upper 
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Canada Bird Sanctuary). This is in contrast to an earlier study in 1999/2000 which reported a significant 

difference in mean PCB levels in eggs from Snye Marsh and eggs from Hoasic Creek, the upstream non-

AOC site sampled (Ashpole et al. 2004). In addition, the apparent decrease in PCB levels in eggs from 

Snye Marsh from three collection periods (Table 4) provides further evidence of a decrease in PCB 

exposure to snapping turtles along the south shore which can likely be attributed ongoing remediation 

activities in the U.S. portion of the AOC. Levels of PCBs remain high however. The Mohawk Council of 

Akwesasne has recommended that their community not consume any fish or snapping turtle (i.e. eggs or 

meat) from the St. Lawrence River given their concern of exposure to elevated levels of contaminants and 

the potential for adverse human health effects. Levels of PCBs in herring gull eggs from Strachan Island 

were similar to most other AMCs in the Great Lakes including the upstream Lake Ontario-Snake Island 

AMC and decreased significantly from 1986 to 2007 (Figures 10 and 14). Sum PCBs in mink liver were 

also similar among AOC and non-AOC locations, were below the lowest effect level for kit growth 

(Restum et al. 1998) and were intermediate/low in relation to concentrations in mink from other Great 

Lakes locations (Figure 18).  

 

Historically, dioxins and furans have been detected in sediment, herring gull eggs, snapping turtle eggs 

and tree swallow (Tachycineta bicolor) nestlings from the St. Lawrence River AOC in the 1990s to 2000 

(Dreier et al. 1997; Bishop et al. 1998; Pekarik et al. 1998; de Solla et al. 2001; Martinovic et al. 2003; 

Ashpole et al. 2004). Since 1986, a significant decline in levels of TCDD was found in herring gull eggs 

from Strachan Island to levels which fall within an intermediate range relative to eggs collected from 

other Great Lakes AMCs. The total toxic equivalency concentration (TEQ) derived from concentrations 

of PCBs with dioxin-like effects, dioxins and furans in liver of mink from the St. Lawrence River AOC 

was below the no-observable adverse effect TEQ level (equal to 77.8 ng TEQ/kg; Blankenship et al. 

2008).  

 

Polybrominated diphenyl ether (PBDE) flame retardants, as a relatively new set of compounds of 

emerging concern (Norstrom et al. 2002), were detected in snapping turtles, mink and herring gulls in 

the St. Lawrence River (Cornwall) AOC. Mean sum PBDEs levels were significantly higher in 

snapping turtle eggs from the AOC (Raisin River) versus the upstream reference non-AOC site 

(UCBS) in 2001 to 2004. The proximity of the Raisin River to the City of Cornwall may contribute to 

this difference in PBDE exposure in turtles as higher PBDE levels have been associated with large 

urban areas (de Solla et al. 2007). There are two landfill sites (one active and one closed) in the 

northern part of Cornwall. The majority of leachate generated at these waste disposal sites is captured 

by a leachate collection system which discharges to the City of Cornwall primary sewage treatment 
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plant and then to the St. Lawrence River. Surface water from the sites drain into the Raisin River via 

the Henderson drain (Cornwall Area Office, Ministry of the Environment, pers. comm.). No other 

potential contributors of this contaminant to the Raisin River have been identified at this time. Low 

levels of sum PBDEs were found in mink from the AOC and at levels which were similar to the two 

reference inland Ontario mink.  

 

In herring gulls, snapping turtles, and mink, pesticides such as p,p’-DDE, chlordane compounds and 

mirex were generally found at higher concentrations relative to levels of other pesticides (i.e., dieldrin, 

OCS, HCB and HE). The total DDT tissue residue guideline for protection of wildlife was exceeded in 

snapping turtle eggs from the upstream non-AOC reference location, UCBS, where the mean p,p’-DDE 

level exceeded 14.0 ng/g (CCME 2001). Organochlorine pesticide exposure to herring gulls feeding in the 

St. Lawrence River AOC appears to have decreased following evidence of significant declines in levels in 

herring gull eggs from Strachan Island from 1986 to 2007. Similar to other contaminants, no significant 

differences were found between pesticide concentrations in eggs of snapping turtles (2001-2004) and 

herring gulls (2003-2007) from inside versus outside of the St. Lawrence River AOC. Hepatic levels of 

oxychlordane and some other pesticides however were significantly higher in mink from the St. Lawrence 

River (Cornwall) AOC compared to reference sites. While no major local sources of pesticides have been 

identified in the AOC, some pesticides may have originated from agricultural activities in surrounding 

watersheds in the AOC as well as from upstream Great Lakes sources via Lake Ontario (Dreier et al. 

1997; de Solla  et al. 2001). The Niagara River and Oswego River in the eastern basin of Lake Ontario in 

New York are the two major sources of mirex to Lake Ontario from which it may have been transported 

to the St. Lawrence River and thereby subsequently become available to biota (Holdrinet et al. 1978). As 

expected, the lowest contaminant levels were often found in wildlife from remote reference sites (e.g. 

Algonquin Park, Chantry Island and Tiny Marsh) which reflect background exposure.  

 

Endpoints associated with reproduction and development have been frequently used to assess the effects 

of contaminants on the health and survival of wildlife populations (Bishop et al. 1998; de Solla et al. 

2007, 2008). In the current study, rates of hatching success of snapping turtle eggs were high 

(approximately 88%) and statistically similar within and outside of the St. Lawrence River AOC. Similar 

high rates of hatching success were found in eggs from collection sites within the U.S portion of the St. 

Lawrence River AOC in 1999 (Table 5; CWS unpublished). Deformity rates of hatchling turtles were 

more variable among St. Lawrence River sites (from 10% at Snye Marsh to nearly 30% at Raisin River) 

and statistically similar among sites likely due to the high variability observed in rates among individuals 

within a site. These rates are in contrast to rates of skeletal deformities observed in adult mudpuppies 
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(Necturus maculosus) from the Cornwall waterfront and from Akwesasne in the 1990s which were 

markedly elevated and equal to 47% and 57%, respectively (CWS unpublished; Bishop and Gendron 

1998). Other potential physiological effects of contaminant exposure include changes in organ size and 

while mink from the St. Lawrence River AOC had a significantly larger mean liver somatic index than 

mink from the upstream Kingston non-AOC site, this effect was not consistent with hepatic levels of 

PCBs or p,p’-DDEs which were similar between sites (Basu et al. 2007). 

 

There was some evidence of reproductive health effects in herring gulls that could be attributed to 

influences in the St. Lawrence River (Cornwall) AOC. Egg viability in 3-egg clutches from Strachan 

Island was equal to approximately 89% in 2003 to 2005, was not significantly different from the upstream 

colony in the three years of comparison and was statistically similar to egg viability at other Great Lakes 

colonies when pooled across years. Sex ratios of herring gull chicks at Strachan Island in 2003 and 2004 

were not significantly different from the expected 1:1 male:female ratio and fell into the range of ratios 

for other Great Lakes sites, suggesting no biased (chemically mediated) mortality during in ovo 

development. There was evidence of estrogenic exposure in herring gulls since vitellogenin, an egg yolk 

protein produced by females during egg laying, was found in 12.5 % (5/40) of adult male herring gulls 

sampled at Strachan Island in 2002 to 2004. Vitellogenin was also found in male herring gulls from 

colonies at other Areas of Concern, including Hamilton Harbour and the Detroit River, but was not 

detected in gulls from the upstream Great Lakes site, Chantry Island.  

 

Strachan Island, as a six-island complex, is an important nesting site for colonial waterbirds on the St. 

Lawrence River. During the fourth decadal CWS survey conducted in 2008, over 12,000 colonial 

waterbird nests were counted on the Island representing five species and approximately one half of the 

entire colonial waterbird population nesting on the Canadian side of the St. Lawrence River. Compared to 

nest numbers counted during the third decadal survey in 1997-2000, numbers of herring gull nests 

increased from 50 to 63 in 2008 (annual rate of growth=2.6%), numbers of great black-backed gulls 

remained stable (at two and three nests) and a new colony of black-crowned night-heron consisting of 74 

nests was reported on the Island in 2008. Annual rates of decline were found at Strachan Island for the 

two most abundant species: ring-billed gulls (-2.6%/year) and double-crested cormorants between the 

third and fourth decadal surveys (-4.1%/year). Downstream of Strachan Island within the AOC in 2008, 

great blue heron colonized two new sites (74 nests) and, along with great egret, abandoned their colony 

on Dickerson Island where both species had nested in 1997; predation by racoons is suspected at 

Dickerson Island where only one nest (black-crowned night-heron) was found in 2008. While there is no 

evidence of common terns nesting on Strachan Island based on the decadal survey data (Blokpoel 1977; 
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Blokpoel and Tessier 1996; CWS unpublished), nesting colonies of terns have been consistently reported 

upstream of Island, particularly on the U.S. side of the River. Overall, the large declines in contaminant 

levels in herring gull eggs from Strachan Island in the last twenty years and the high diversity and 

abundance of colonial waterbirds nesting on the Island suggests that contaminant-induced effects do not 

appear to be limiting factors at the population level for birds feeding in and around the AOC. At 

downstream sites, other factors (e.g. mammalian predators, illegal hunting of cormorants) likely play a 

larger role in influencing population size. 

 

In this study, specific endpoints largely relating to reproductive (e.g. hatching success, egg viability, sex 

ratio) and deformity (deformity rates) parameters have been examined in relation to contaminant levels 

observed for wildlife feeding within the St. Lawrence River (Cornwall) Area of Concern. Currently, 

pollutants of concern and specific to the AOC do not appear to have significantly impaired populations, 

survival and productivity of aquatic-feeding wildlife based on the evidence presented here. Nonetheless, 

subtle health effects may be impacting some of these physiological processes (and others, e.g. immune 

function) for individuals within the St. Lawrence River AOC. Evidence of estrogenic effects, for 

example, was found in some adult male gulls nesting within the St. Lawrence River AOC and other 

AOCs. Juvenile herring gulls from Strachan Island are less able to respond to a stress event than gulls 

from other Great Lakes sites. Mink from the St. Lawrence River AOC had a significantly larger liver 

index than those from outside of the AOC. The biological significance of these health effects in these 

species is unclear since it is difficult to link health effects observed via biochemical (and morphological) 

changes at the individual level and subsequent alterations in its growth, survival and reproduction (Fox 

2001). There is also an inherent difficulty in determining causal links between observed effects and 

specific chemical contaminants in studies of wild animals. In addition, large variability observed around 

population means for some parameters (e.g., deformity rates of hatchlings at Raisin River, hatching 

success at Snye Marsh) suggest differences in the relative exposure to contaminants among individuals; 

such differences in exposure among individuals, particularly for indicators of local contaminants exposure 

such as snapping turtles, may be attributed to differences in prey and prey contamination in the diet. 

Although speculative, these differences in relative exposure might result in adverse health effects for 

some individuals feeding in the St. Lawrence River AOC.   

 

In summary, this study has examined current data on spatial and temporal trends of toxic contaminants 

and potential health effects in aquatic wildlife in the St. Lawrence River (Cornwall) Area of Concern. No 

significant differences in levels of most contaminants, including mercury and PCBs, were found in three 

wildlife species in the AOC relative to species feeding at upstream reference sites. While contaminant 
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levels were not sufficiently elevated to elicit population-level effects in species foraging in the AOC, 

some subtle physiological health effects may be evident in some individuals. Of the 18 biological 

endpoints associated with impaired reproduction, growth and development and examined in the study, 

biochemical effects associated with endocrine disruption (i.e., vitellogenin production and stress 

response) were evident in some in herring gulls and potential physiological effects (large liver index) 

were noted in some mink trapped in the AOC. 



                     Status of Aquatic Wildlife in the St. Lawrence River (Cornwall) AOC               71 

 

Literature Cited 

Ashpole, S.L., C.A. Bishop, and R.J. Brooks. 2004. Contaminant residues in snapping turtle (Chelydra s. 

serpentina) eggs from the Great Lakes-St. Lawrence River basin (1999 to 2000). Arch. Environ. Contam. 

Toxicol. 47: 240-252. 

 

Basu, N., A.M. Scheuhammer, S.J. Bursian, J. Elliott, K. Rouvinen-Watt, and H.M. Chan. 2007. Mink as 

a sentinel species in environmental health. Environ. Research 103: 130-144. 

 

Bishop, C.A. and A.D. Gendron. 1998. Reptiles and amphibians: shy and sensitive vertebrates of the 

Great Lakes basin and St. Lawrence River. Environ. Monitor. Assess. 53: 225-244. 

 

Bishop, C.A., M.D. Koster, A.A. Chek, D.J.T. Hussell, and K. Jock. 1995. Chlorinated hydrocarbons and 

mercury in sediments, red-winged blackbirds (Agelaius phoeniceus) and tree swallows (Tachycineta 

bicolor) from wetlands in the Great Lakes-St. Lawrence River basin. Environ. Toxicol. Chem. 14: 491-

501. 

 

Bishop, C.A., P. Ng., K.E. Pettit, S.W. Kennedy, J.J. Stegeman, R.J. Norstrom, and R.J. Brooks. 1998. 

Environmental contamination and developmental abnormalities in eggs and hatchlings of the common 

snapping turtle (Chelydra serpentina serpentina) from the Great Lakes-St. Lawrence River basin (1989-

91). Environ. Pollut. 101: 143-156. 

 

Blankenship, A.L., D.P. Kay, M.J. Zwiernik, R.R. Holem, J.L. Newsted, M. Hecker, and J.P. Giesy.  

2008. Toxicity reference values for mink exposed to 2,3,7,8-tetrachlodibenzo-p-dioxin (TCDD) 

equivalents (TEQs). Ecotoxicol. Environ. Safety 69: 325-349. 

 

Blokpoel, H. 1977. Gulls and terns nesting in northern Lake Ontario and the upper St. Lawrence River. 

Canadian Wildlife Service Progress Notes 75. 12 pp. 

  

Blokpoel, H. and G.D. Tessier. 1996. Atlas of colonial waterbirds nesting on the Canadian Great Lakes, 

1989-1991. Part 3. Cormorants, gulls and island-nesting terns on the lower Great Lakes system in 1990. 

Canadian Wildlife Service Technical Report Series No. 225. Canadian Wildlife Service, Environmental 

Conservation Branch, Ontario Region. 74 pp. 

 

Blokpoel, H. and G.D. Tessier. 1998. Atlas of colonial waterbirds nesting on the Canadian Great Lakes, 

1989-1991. Part 5. Herons and egrets in 1991. Canadian Wildlife Service Technical Report Series No. 

272. Canadian Wildlife Service, Environmental Conservation Branch, Ontario Region. 36 pp. 

 

Bonin, J., J.L. DesGrangest, C.A. Bishop, J. Rodrigue, A. Gendron, and J.E. Elliott. 1995. Comparative 

study of contaminants in the mudpuppy (Amphibia) and the common snapping turtle (Reptilia), St. 

Lawrence River, Canada. Arch. Environ. Contam. Toxicol. 28: 184-194. 

 

Buck, W.B, G.D. Osweiller, and G.A. Van Gelder. 1976. Clinical and diagnostic veterinary toxicology. 

Kendall/Hunt Publishing Co., Dubuque, Iowa. 

 

Canadian Council of Ministers of the Environment (CCME). 2001. Canadian tissue residue guidelines for 

the protection of wildlife consumers of aquatic biota: summary table. Updated from: Canadian 

environmental quality guidelines, 1999, Canadian Council of Ministers of the Environment, Winnipeg. 

 



                     Status of Aquatic Wildlife in the St. Lawrence River (Cornwall) AOC               72 

 

Choy, E.S., P.V. Hodson, L.M. Campbell, A.R. Fowlie, and J. Ridal. 2008. Spatial and temporal trends of 

mercury concentrations in young-of-the-year spottail shiners (Notropis hudsonius) in the St.  Lawrence 

River at Cornwall, ON. Arch. Environ. Contam. Toxicol. 54:473–481. 

 

Crum, J.A., S.J. Bursian, R.J. Aulerich, D. Polin, and W.E. Braselton. 1993. The reproductive effects of 

dietary heptachlor in mink (Mustela vison). Arch. Environ. Contam. Toxicol. 24: 156-164. 

 

Cuthbert, F. J., J. McKearnan, and A.R. Joshi. 2001. Distribution and abundance of colonial water birds 

in the U.S. Great Lakes, 1997-1999. Report to U.S. Fish and Wildlife Service, Twin Cities, Minnesota. 

 

Cuvin-Aralar, M.L.A, and R.W. Furness. 1991. Mercury and selenium interaction: a review. Ecotoxicol. 

Environ. Safety. 21: 348-364. 

 

De Solla, S.R., C.A. Bishop, H. Lickers, and K. Jock. 2001. Organochlorine pesticides, PCBs, 

dibenzodioxin, and furan concentrations in common snapping turtle eggs (Chelydra serpentina 

serpentina) in Akwesasne, Mohawk Territory, Ontario, Canada. Arch. Environ. Contam. Toxicol. 40: 

410-417. 

 

De Solla, S.R., K.J. Fernie, R.J. Letcher, S.G. Chu, K.G. Drouillard, and S. Shahmiri. 2007. Snapping 

turtles (Chelydra serpentina) as bioindicators in Canadian Areas of Concern in the Great Lakes basin. 1. 

Polybrominated diphenyl ethers, polychlorinated biphenyls, and organochlorine pesticides in eggs. 

Environ. Sci. Technol. 41: 7252-7259. 

 

De Solla, S.R., K.J. Fernie, and S. Ashpole. 2008. Snapping turtles (Chelydra serpentina) as bioindicators 

in Canadian Areas of Concern in the Great Lakes basin. II. Changes in hatching success and hatchling 

deformities in relation to persistent organic pollutants. Environ. Pollut. 153: 529-536. 

 

Dreier, S.I., J. Anderson, J. Biberhofer, M. Eckersley, R. Helliar, M.B.C. Hickey, L. Richman, F. Stride 

and The St. Lawrence River (Cornwall) Remedial Action Plan Public Advisory Committee. 1997. Great 

Lakes, Great River – Remedial Action Plan for the St. Lawrence River (Cornwall) Area of Concern Stage 

2 Report: The Recommended Plan.  

 

Fowlie, A.R., P.V. Hodson, and M.B.C. Hickey. 2008. Spatial and seasonal patterns of mercury 

concentrations in fish from the St. Lawrence River at Cornwall, Ontario: implications for monitoring. J. 

Great Lakes Res. 34: 72-85. 

 

Fox, G.A. 2001. Wildlife as sentinels of human health effects in the Great Lakes-St. Lawrence basin. 

Environ. Health Perspect. 109: 853-861. 

 

Fox, G.A., C.R. Cooper, and J.P.  Ryder. 1981. Predicting the sex of herring gulls by using external 

measurements.  J. Field Ornithol. 52: 1-9. 

 

Gilbertson, M. 1974. Pollutants in breeding herring gulls in the lower Great Lakes. Can. Field Nat. 88: 

273-280. 

 

Gilberston, M. and R. Hale. 1974. Early embryonic mortality in a herring gull colony in Lake Ontario. 

Can. Field Nat. 88: 354-356. 

 

Griffiths, R. 1991. The isolation of conserved DNA sequences related to the human sex-determining 

region Y gene from the lesser black-backed gull (Larus fuscus). Philos. Trans. R. Soc. Lond. Biol. 244: 

123-128. 



                     Status of Aquatic Wildlife in the St. Lawrence River (Cornwall) AOC               73 

 

Griffiths, R., M.C. Double, K. Orr, and R.J.G. Dawson. 1998. A DNA test to sex most birds. Molec. Ecol. 

7: 1071-1075. 

 

Harding, L.E., M.L. Harris, C.R. Stephen, and J.E. Elliott. 1999. Reproductive and morphological 

condition of wild mink (Mustela vison) and river otters (Lutra canadensis) in relation to chlorinated 

hydrocarbon contamination. Environ. Health Perspect. 107: 141-147.  

 

Hebert, C.E., R.J. Norstrom, and D.V. Weseloh. 1999. A quarter century of environmental surveillance: 

The Canadian Wildlife Service‟s Great Lakes Herring Gull Monitoring Program. Environ. Rev.7: 147-

166. 

 

Hebert, C.E., P. Mineau, D.V.C. Weseloh, and J.L. Shutt. 2001. Assessing herring gull egg viability on 

the Great Lakes. Proceedings of the 28
th
 Annual Aquatic Toxicity Workshop. Can. Tech. Rep. Fish. 

Aquat. Sci. 2379: 17. 

 

Hebert, C.E., J.L. Shutt, and R.O. Ball. 2002. Plasma amino acid concentrations as an indicator of protein 

availability to breeding herring gulls (Larus argentatus). Auk 119: 185-200. 

 

Holdrinet, M.V.H., R. Frank, R.L. Thomas, and L.J. Hetling. 1978. Mirex in the sediments of Lake 

Ontario. J. Great Lakes Res. 4: 69-74. 

 

Holmes, J. and D. Lean. 2006. Factors that influence methylmercury flux rates from wetland sediments. 

Sci. Total Environ. 368: 306-319.  

 

Ion, J., Y. de Lafontaine, P. Dumont, and L. Lapierre. 1997. Contaminant levels in St. Lawrence River 

yellow perch (Perca flavescens): spatial variation and implications for monitoring. Can. J. Fish. Aquat. 

Sci. 54: 2930–2946. 

 

Lorenzen, A., T.W. Moon, S.W. Kennedy, and G.A. Fox. 1999. Relationships between environmental 

organochlorine contaminant residues, plasma corticosterone concentrations, and intermediary metabolic 

activities in Great Lakes herring gull embryos.  Environ. Health Perspect. 107: 179-186. 

 

Love, O.P., J.L. Shutt, J.S. Silfies, G.R. Bortolotti, J.E.G. Smits, and D.M. Bird. 2003. Effects of dietary 

PCB exposure on adrenocortical function in captive American kestrels (Falco sparverius). Ecotoxicol. 12: 

199-208. 

 

Mackay, S.D. 2004. Technical Review of Delisting Criteria and Possible Impairments. St. Lawrence 

River (Cornwall) Remedial Action Plan. Unpublished Environment Canada Report. 108 pp.  

 
Martinovic, B., D. R. S. Lean, C.A. Bishop, E. Birmingham, A. Secord, and K. Jock. 2003. Health of tree 

swallow (Tachycineta bicolor) nestlings exposed to chlorinated hydrocarbons in the St. Lawrence River 

basin. Part I. Renal and hepatic vitamin A concentrations. J. Toxicol. Environ. Health. Part A. 66: 1053–

1072. 

 

McDaniel, T.V., M.L. Harris, C.A. Bishop, and J. Struger. 2004. Development and survivorship of 

northern leopard frogs (Rana pipiens) and green frogs (Rana clamitans) exposed to contaminants in the 

water and sediments of the St. Lawrence River near Cornwall, Ontario. Water Qual. Res. J. Canada. 39: 

161-175.  

 

Mills, J.A. and J.P. Ryder. 1979. Trap for capturing shore and seabirds.  Bird-Banding 50: 121-123. 

 



                     Status of Aquatic Wildlife in the St. Lawrence River (Cornwall) AOC               74 

 

Mineau, P., G.E.J. Smith, R. Markel, and C.S. Lam. 1982. Aging herring gulls from hatching to fledging. 

J. Field Ornithol. 53: 394-402. 

 

Mineau, P., G.A. Fox, R.J. Norstrom, D.V. Weseloh, D.J. Hallett, and J.A. Ellenton. 1984. Using the 

herring gull to monitor levels and effects of organochlorine contamination in the Canadian Great Lakes. 

In: Toxic contaminants in the Great Lakes: advances in environment science and technology, eds. J.0. 

Nriagu and M.S. Simmons, pp. 425-452. Wiley and Sons, New York. 

 

Neugebauer, E.A., G.L. Sans Cartier, and B.J. Wakeford. 2000. Methods for the determination of metals 

in wildlife tissues using various atomic absorption spectrophotometry techniques. Canadian Wildlife 

Service Technical Report Series No. 337E. Canadian Wildlife Service, Headquarters, Hull, Québec, 

Canada. 

 

Noirault, J., D. Guemene, G. Guy, and J.M. Faure. 1999. Corticosterone plasma concentration in male 

mule ducks: effects of sampling sites, repeated samplings and ACTH injections. Brit. Poult. Sci. 40: 304-

308. 

 

Norstrom, R.J., M. Simon, D.C.G. Muir, and R. Schweinsburg. 1988. Organochlorine contaminants in 

Arctic marine foodchains: identification, geographical distribution and temporal trends in polar bears. 

Environ. Sci. Technol. 22: 1063-1071. 

 

Norstrom, R.J., M. Simon, J. Moisey, B. Wakeford, and D.V. Weseloh. 2002. Geographical distribution 

(2000) and temporal trends (1981-2000) of brominated diphenyl ethers in Great Lakes herring gull eggs. 

Environ. Sci. Technol. 36: 4783-4789.  

 

Pekarik, C. and D.V. Weseloh. 1998. Organochlorine contaminants in herring gull eggs from the Great 

Lakes, 1974-1995: change point regression analysis and short-term regression. Environ. Monit. Assess. 

53: 77-115. 

 

Pekarik, C., D.V. Weseloh, G.C. Barrett, M. Simon, C.A. Bishop, and K.E. Pettit. 1998. An atlas of 

contaminants in the eggs of fish-eating colonial birds of the Great Lakes (1993-1997). Canadian Wildlife 

Service Technical Report Series No. 321. Canadian Wildlife Service, Environmental Conservation 

Branch, Ontario Region. 245 pp. 

 

Restum, J.C., S.J. Bursian, J.P. Giesy, J.A. Render, W.G. Helferich, E.B. Shipp, and D.A. Verbrugge. 

1998. Multigenerational study of the effects of consumption of PCB-contaminated carp from Saginaw 

Bay, Lake Huron on mink. 1. Effects on mink reproduction, kit growth and survival, and selected 

biological parameters. J. Toxicol. Environ. Health, Part A. 54: 343-375. 

 

Richman, L.A. and S.I. Dreier. 2001. Sediment contamination in the St. Lawrence River along the 

Cornwall, Ontario waterfront. J. Great Lakes Res. 27(1): 60–83. 

 

Scharf, W.C. and G.W. Shugart 1998. Distribution and abundance of gull, tern and cormorant nesting 

colonies of the U.S. Great Lakes, 1989 and 1990. Gale Gleason Environmental Institute, Publication No. 

1, Lake Superior State University Press, Sault Ste. Marie, MI. 

 

Scheuhammer, A. 1991. Effects of acidification on the availability of toxic metals and calcium to wild 

birds and mammals. Environ. Pollut. 71: 329-375. 

 

Siewicki, T.C. 1980. Tissue retention of arsenic in rats fed witch flounder or cacodylic acid. J. Nutr. 111: 

602-609. 



                     Status of Aquatic Wildlife in the St. Lawrence River (Cornwall) AOC               75 

 

Simon, M. and B.J. Wakeford. 2000. Multi-residue method for the determination of polychlorinated 

dibenzo-p-dioxins, polychlorinated dibenzofurans and non-ortho substituted polychlorinated biphenyls in 

wildlife tissues by HRGC/HRMS. Canadian Wildlife Service Technical Report Series No. 336. Canadian 

Wildlife Service, Headquarters, Hull, Québec, Canada. 

 

St. Lawrence River RAP Team. 1992. Remedial Action Plan for the Cornwall-Lake St. Francis Area. 

Stage 1 Report: Environmental Conditions and Problem Definitions. Environment Canada and 

Environment Ontario.  

 

Thompson, D.R. 1996. Mercury in birds and terrestrial animals. In: Environmental contaminants in 

wildlife: interpreting tissue concentrations, eds. W.N. Beyer, G.H. Heinz, and A.W. Ramon-Norwood, pp 

341-356. SETAC Special Publications, Lewis Publishers, Boca Raton, FL. 

 

Van den Berg, M., L.S. Birnbaum, M. Denison, M. De Vito, W. Farland, M. Feeley, H. Fiedler, H.  

Hakansson, A. Hanberg, L. Haws, M. Rose, S. Safe, D. Schrenk, C. Tohyama, A. Tritscher, J. Tuomisto, 

M. Tysklind, N. Walker, and R.E. Peterson. 2006. The 2005 World Health Organization reevaluation of 

human and mammalian toxic equivalency factors for dioxins and dioxin-like compounds. Toxicol. Sci. 93: 

223–241. 

 

Weseloh, D.V., S.M. Teeple, and M. Gilbertson. 1983. Double-crested cormorants of the Great Lakes: 

eggs-laying parameters, reproductive failure, and contaminant residues in eggs, Lake Huron 1972-1973. 

Can. J. Zool. 61: 427-436. 

 

Weseloh, D.V.C., C. Pekarik, T. Havelka, G. Barrett, and J. Reid. 2002. Population trends and colony 

locations of double-crested cormorants in the Canadian Great Lakes and immediately adjacent areas, 

1990-2000: a manager‟s guide. J. Great Lakes Res. 28(2): 125-144. 

 

Weseloh, D.V.C., C. Pekarik, and S.R. de Solla. 2006. Spatial patterns and rankings of contaminant 

concentrations in herring gull eggs from 15 sites in the Great Lakes and connecting channels, 1998-2002. 

Environ. Monit. Assess. 113: 265-284. 

 

Weseloh, D.V.C., I. Mazzocchi, T. Havelka, L. Harper, J. Farquhar III, C. Pekarik, and B. Andress. 2007. 

Colony distribution and nest numbers of double-crested cormorants on the upper St. Lawrence River, 

1991-2007. Ontario Birds 25: 142-154. 

 

Wiener, J.G., D.P. Krabbenhoft, G.H. Heinz, and A.M. Scheuhammer. 2003. Ecotoxicology of mercury. 

In: Handbook of Ecotoxicology, eds. D.J. Hoffman, B.A. Rattner, G.A. Burton Jr., J. Cairns Jr., pp. 409-

463. CRC Press, Boca Raton, FL.  

 

Wobeser, G.A. and M. Swift. 1976. Mercury poisoning in a wild mink. J. Wildl. Dis. 12: 335-340. 

 

Wobeser, G.A., N.O. Nielsen, and B. Schiefer. 1976. Mercury and mink. II. Experimental methyl 

mercury intoxication. Can. J. Comp. Med. 40: 34-45. 

 

Wolfe, M.F., S. Schwarzbach, and R.A. Sulaiman. 1998. Effects of mercury on wildlife: a comprehensive 

review. Environ. Toxicol. Chem. 17: 146-160. 

 

Won, H.T., M.J. Mulvihill, and B.J. Wakeford. 2001. Multi-residue methods for the determination of 

chlorinated pesticides and polychlorinated biphenyls (PCBs) in wildlife tissues by gas 

chromatography/mass spectrometry. Canadian Wildlife Service Technical Report Series No. 335. 

Canadian Wildlife Service, Headquarters, Hull, Québec, Canada. 



                     Status of Aquatic Wildlife in the St. Lawrence River (Cornwall) AOC               76 

 

Wren, C.D. 1986. A review of metal accumulation and toxicity in wild mammals. I. Mercury.  Environ. 

Res. 40: 210-244. 

 

Wren, C.D., P.M. Stokes, and K.L. Fischer. 1986. Mercury levels in Ontario mink and otter relative to 

food levels and environmental acidification. Can. J. Zool. 64: 2854-2859. 

  

Zar, J.H. 1984. Biostatistical Analysis. Second Edition. Prentice–Hall, Inc. Englewood Cliffs, N.J.  

 

Zhang, S., S.J. Bursian, P.A. Martin, H.M. Chan, G. Tomy, V.P. Palace, G.J. Mayne, and J.W. Martin. 

2009. Reproductive and developmental toxicity of a pentabrominated diphenyl ether mixture, DE-71, 

to ranch mink (Mustela vison) and hazard assessment for wild mink in the Great Lakes region. 

Toxicol. Sci. 110: 107-116.   
 


