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The Great Lakes of North America are comprised of five 
large individual lakes and are the largest body of fresh 
water in the world. They encompass an area equal in size 
to the United Kingdom. In addition to all that water, there 
are also approximately 35,000 islands in the Great Lakes 
(http://en.wikipedia.org/wiki/Islands_of_the_Great_
Lakes). Although many of the islands have been devel-
oped and built upon, many have not and those islands 
are home to hundreds of thousands of colonially nesting 
waterbirds, birds such as cormorants, pelicans, herons, 
egrets, gulls and terns. In 2000, at the end of a three-year 
survey to count all nests of colonial waterbirds on the 
Great Lakes, it was estimated that there were over one 
million nests of 13 species of colonial waterbirds on the 
Great Lakes, i.e. more than two million breeding indi-
viduals (Cuthbert et al., 2001; Morris et al., 2003, 2007; 
Weseloh et al., 2003).

Unfortunately, the Great Lakes have not always been 
a healthy environment for these birds to breed. In the ear-
ly-mid 1960s, a team of researchers from the University 
of Wisconsin, led by Dr. Joe Hickey, found that Herring 
Gulls (Larus argentatus) nesting in Lake Michigan, one 
of the Great Lakes, were highly contaminated with vari-
ous kinds of toxic chemicals, notably DDT, PCBs and 

dieldrin. They also found that these gulls were suffering 
extensive reproductive failure and their populations were 
probably declining (Keith, 1966). Further research on 
the eggs of Great Lakes birds in various museums found 
that one of the effects from toxic chemicals, e.g. thinning 
of the birds’ eggshells, had been present in Great Lakes 
birds since about 1955 (Hickey and Anderson, 1968). 
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Figure 14.1. Nesting Herring gull (Larus argentatus). Photo: Author.
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Figure 14.2. The 15 herring gull colonies where eggs are collected and 
analysed annually: 1. Granite I., 2. Agawa Rks., 3. Big Sister I., 4. Gull I., 5. 
Channel-Shelter I., 6. Double I., 7. Chantry I. 8. Fighting I., 9. Middle I., 10., 
Port Colborne Breakwater, 11. Unnamed island in the Niagara River, 
12 Hamilton Harbour, 13. Tommy Thompson Park (Toronto Harbour), 
14 Snake I., 15 Strachan I. Source: D. Moore, Canadian Wildlife Service, 
Burlington, Ontario.

Research on the Canadian side of the Great Lakes in 
the early 1970s, led by Environment Canada’s Canadian 
Wildlife Service (CWS), found similar problems and 
chemicals in gulls, common terns (Sterna hirundo), 
black-crowned night-herons (Nycticorax nycticorax) 
and double-crested cormorants (Phalacrocorax auritus) 
on the other four Great Lakes (Gilbertson, 1974, 1975; 
Gilbertson and Hale, 1974a, b; Price, 1977; Teeple, 1977; 
Gilman et al., 1977). 

This early ‘preliminary’ research into contaminants 
in fish-eating colonial waterbirds on the Great Lakes led 
to the establishment, by CWS, of a Great Lakes-wide 
Herring Gull Egg Contaminants Monitoring Program 
(GLHGECMP) in 1974, which has continued to this day 
(Mineau et al., 1984; Hebert et al., 1999; Weseloh et al., 
2006). In addition to monitoring contaminant levels, sev-
eral research studies into the effects of toxic chemicals on 
fish-eating birds, mainly herring gulls, were carried out 
by staff at the CWS National Wildlife Research Centre in 
Ottawa, Ontario. The purpose of this paper is to present a 
brief summary of the contaminant work done on colonial 
waterbirds on the Great Lakes by the Canadian Wildlife 
Service, as well as other studies which have evolved from 
this work.

Trends in Contaminants in Great Lakes 
Herring Gull Eggs, 1974-2007

The Great Lakes Herring Gull Egg Contaminants 
Monitoring Program began in 1974 after a three-year 
period of general study of contaminants in several spe-
cies of colonial waterbirds (Gilbertson, 1975). Except 
for 1976, the programme has been conducted annually 
every year since and is now in its 35th year! The herring 
gull was chosen as the best available indicator species 
because it:
 
1. Bred on all five of the Great Lakes, making inter-lake 

comparisons very easy, 
2. Was relatively common, so sampling its eggs would 

not jeopardise the population in any way, 
3. Eats a diet consisting mainly of fish, which made it a 

top predator in the Great Lakes food web, 

4. Produces eggs with relatively high lipid (fat) content, 
which is where most contaminants are stored in a 
bird’s body and, hence, they would be relatively easy 
to measure, and 

5. Appeared to be a relatively robust indicator species, 
meaning it could withstand reasonably elevated 
concentrations of many toxic chemicals without being 
extirpated from the Great Lakes. 

If a species is very sensitive to contaminants, it can eas-
ily die out at elevated concentrations and no longer be 
available as an indicator, such as happened with both the 
peregrine falcon (Falco peregrinus) and the bald eagle 
(Haliaeetus leucocephalus). However, the best feature of 
the herring gull as an indicator for Great Lakes contami-
nants was that as an adult, it was non-migratory on the 
Great Lakes, i.e. it stayed on the lakes all winter. This 
meant that any contaminants found in the eggs of these 
gulls almost certainly came from the Great Lakes and not 
from any wintering ground areas with unknown levels of 
contaminants to which the birds might have been exposed 
(Gilman et al., 1979). 

The GLHGECMP is made up of 15 sites, two sites in 
each of Lakes Superior, Michigan and Erie, three sites 
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in each of Lakes Ontario and Huron and single sites in 
each of the Detroit, Niagara and St. Lawrence rivers 
(Figure 14.2). Fresh herring gull eggs, one from each of 
13 completed clutches, are collected at each site during 
late April or early May, early in incubation (Gilman et al., 
1979). The eggs are sent directly to the CWS National 
Laboratory in Ottawa for analysis. Up until 1986, all eggs 
were analysed individually; from 1986 onwards, due to 
increasing analytical costs, eggs have been analysed as 
site pools, i.e. a single analysis of an egg pool made up 
of an aliquot from each of the 13 eggs from a given site 
(Turle and Collins, 1992). The eggs are analysed for over 
75 contaminants, including congeners, most of the legacy 
contaminants (DDE, PCBs, mirex, dieldrin, etc.) but also 
dioxins, furans, brominated diphenyl ethers and mercury. 

The chemical data from these eggs allow rigorous sta-
tistical analysis for spatial and temporal trends. Spatial 
trends, or patterns, in the distribution of contaminant 
concentrations in gull eggs have been used to identify ar-
eas of greater and lesser contamination. Means were cal-
culated for each of seven contaminants at the 15 herring 
gull monitor sites for the five year period 1998-2002. 
The results were weighted according to fish flesh crite-
ria for the protection of piscivorous wildlife. The three 
highest ranking (dirtiest) sites were in Lake Huron, the 
St. Lawrence River and Lake Michigan, while the three 
lowest ranking (cleanest) sites were in Lake Superior, 
Lake Huron and Lake Erie (Weseloh et al., 2006). 

Temporal results and trends in contaminant levels are 
portrayed using two different methods. First, for exam-
ple, for the Port Colborne site in Lake Erie, the eight 
contaminants illustrated in Figure 14.3 have declined 
from 38.8% (Hg) to 97.8% (Mirex) since they were first 
measured, usually in 1974. This portrays a simple ‘then 
and now’ comparison. Histograms such as these have also 
been calculated for individual sites (Weseloh et al., 2005). 
Second, temporal trends are assessed using a change-point 
regression analysis (Draper and Smith, 1981; Pekarik and 
Weseloh, 1998; DiMaio et al., 1999). This analysis not 
only indicates whether there has been a statistically sig-
nificant change in contaminant concentration over time, 
but also whether there has been a change in the slope of 
the regression during the time series, i.e. for most of the 
data in the GLHGECMP, it will identify whether there 
has been a change in the rate of decline over time. Four 
different types of models were found from this analysis 
(Figure 14.4). Most contaminants are now decreasing as 
fast or faster than they were earlier in the study. This is 
very useful in alerting the researcher to a possible change 
in contaminant uptake by, or availability to, herring gulls 
during the study period. Combining this analysis with an 
analysis of stable isotopes and fatty acids in gull eggs, 
Hebert and Weseloh (2006) concluded that much of the 
recently noted increase in the rate of decline of several 
contaminants could be attributed to a change in the troph-
ic level at which the gulls were feeding. There had been a 

Figure 14.3. Percentage decline in concen-
tration of eight contaminants in herring 
gull eggs from Port Colborne, Lake Erie, 
between 1974 and 2007 (earliest and 
most recent years of analysis). Inclusive 
years of analysis for TCDD are 1984 and 
2005. Concentrations in the first year 
of analysis are standardised to 100%. 
Original concentrations given at top of 
histograms, most recent concentrations 
at bottom. All concentrations are ug/g 
(wet weight) except for TCDD, which is 
pg/g. Source: D. Moore, Canadian Wildlife 
Service, Burlington, Ontario.
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switch from predominantly aquatic-based food to a more 
terrestrially-based diet. Hence, a portion of the decline 
we are seeing in the contaminant levels is due to a switch 
to a less contaminated food source rather than to a reduc-
tion in contaminant levels in the environment per se. 

In addition to temporal and spatial trends, another im-
portant component of the Herring Gull Program is the 
search for new contaminants and their tracking. Gauthier 
et al. (2008) have shown dramatic changes in the tem-
poral trends of polybrominated diphenyl ethers (PBDEs) 
in gull eggs. They found that in recent years BDE-209 
showed much shorter doubling times than any of the oth-
er BDE congeners. The data illustrate that the PBDE con-
centrations and trends in congener pattern have changed 
greatly between 1995 and 2006 and this is of increasing 
concern.

Effects of Toxic Chemicals on Great 
Lakes Herring Gulls and other Colonial 
Waterbirds

With many early contaminants studies in the 1960s and 
1970s, it was the appearance of an ‘effect’ which first 
alerted researchers to potential environmental problems. 
It is more cost-effective and provides necessary basic data 
on population size and productivity to go to the breeding 
colony and measure clutch size, hatching success and re-
productive success than it is to conduct expensive chemi-
cal analyses before one knows what one might be look-
ing for. The early herring gull studies on the Great Lakes 
showed that although the birds’ clutch size was normal, 
they were not producing very many young birds. Normal 
productivity should have been 1.0-1.5 young per pair of 

Figure 14.4. The four different models of temporal patterns in annual contaminant concentrations in herring gull eggs resulting from change-point 
regression analysis. The contaminant of concern for each model is shown on the y-axis; the herring gull colony for each contaminant is listed im-
mediately above each model. Source: D. Moore, Canadian Wildlife Service, Burlington, Ontario.
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adults. What was being produced on the Great Lakes was 
often less than 0.5 young per pair, or even less than 0.1 
young per pair (Keith, 1966; Gilbertson and Hale, 1974a, 
b; Teeple, 1977). Shortly after the use of DDT and PCBs 
was restricted in both the US and Canada, in the early 
1970s, concentrations of these compounds in gull eggs de-
clined dramatically and productivity of the gulls returned 
to normal (Mineau et al., 1984, Hebert et al., 1999). 

Although contaminant conditions greatly improved 
during the 1970s and 1980s, very specific field and labo-
ratory studies showed that there were still several effects 
of chlorinated organic compounds present at the embry-
onic and molecular levels in herring gulls (Hebert et al., 
1999). Using an embryonic viability detector (Mineau and 
Pedrosa, 1986), Craig Hebert was able to show that there 
was still a relationship between the viability of the gull 
embryo in the egg and the contaminant concentrations in 
the egg (Environment Canada, 2003). Laird Shutt showed 
that male gulls which nested in more contaminated areas 
were more prone to carry vitellogenin, a female egg pro-
tein, in their blood stream than those from much less con-
taminated areas – a sign that feminisation was occurring. 
Keith Grasman was able to show a depressed immune 
system in young herring gulls and black-crowned night-
herons (Nycticorax nycticorax) from more contaminated 
areas (Environment Canada, 2003). 

In the late 1980s and early 1990s, hepatic porphyria 
(a serious liver disease) was reported in herring gull em-
bryos. It was most likely caused by exposure to certain 
chlorinated organic compounds (i.e. highly carboxylated 
porphyrins, HCPs) that are known to cause porphyria 
in laboratory-exposed birds (Gilbertson and Fox, 1997, 
Kennedy and Fox, 1990). The most recent work by this 
group has provided strong evidence that the cause of el-
evated HCPs in herring gull liver was exposure to poly-
chlorinated biphenyls (PCBs) (Kennedy et al., 1998). 
In the early 1990s, Gilbertson et al. (1991) suggested a 
Great Lakes Embryo Mortality Endocrine Deformity 
Syndrome (GLEMEDS) to describe contaminant-in-
duced conditions in several species of colonial waterbirds 
in the Great Lakes. They hypothesised that GLEMEDS 
in colonial fish-eating birds resembled chick oedema dis-
ease of poultry and had been caused by exposure to chick 
oedema active compounds that had a common mode of 
action through the cytochrome P-448 system. 

In the late 1990s, Lorenzen et al. (1999) examined 
the relationships among organochlorine residues, plasma 
corticosterone concentrations and intermediary metabol-
ic enzymes in Great Lakes herring gull embryos. They 
found that chlorinated organic compounds were present 
in gull embryos at concentrations that may have affected 
the hypothalamo-pituitary-adrenal axis and associated in-
termediary metabolic pathways. 

Recent research by Kennedy and colleagues has moved 
toward determining the effects of some of the new persist-
ent organic pollutants in herring gulls. The new pollutants 
include brominated flame retardants (BFRs) and per-
fluoroalkyl compounds (PFCs). Their research includes 
both egg injection studies using fertile herring gull eggs 
and studies on the effects of PFCs on selected molecular 
targets in cultured avian hepatocytes, cardiomyocytes and 
neuronal cells. For example, a recent report by Crump et 
al. (2008) indicates the promise of using primary cultures 
of herring gull neuronal cells for determining the toxic 
and biochemical effects of BFRs in this species.

These recent studies show that although contaminant 
levels in gull eggs have declined by more than 90% for 
many of the legacy compounds over the last 35 years, 
and productivity has returned to normal at many loca-
tions, many subtle effects are still associated with herring 
gulls from the relatively more contaminated areas on the 
Great Lakes.

Botulism in Colonial Waterbirds on the 
Great Lakes

In the summer of 2004, large numbers of waterbirds 
were found dead and dying in eastern Lake Ontario. A 
tri-monthly survey to assess the numbers and species of 
birds dying was established on six islands in eastern Lake 
Ontario. During July to October, 2004 and 2005, over 
3,000 dead birds were recorded. In terms of numbers, the 
double-crested cormorant was the most frequently en-
countered dead bird species, with more than 2100 sick 
and dead individuals recorded. Other species which con-
tributed greatly to the total number of dead birds found 
included herring, ring-billed and great black-backed 
gull and Caspian tern. More dead black-backed gulls 
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were found than were known to breed in Lake Ontario. 
Necropsies confirmed that botulism was present in all 
specimens tested. The great black-backed gull was wiped 
out as a nesting species in Lake Ontario, which had been 
its stronghold in the Great Lakes (Shutt et al., 2008) 

Population Trends of Colonial 
Waterbirds on the Great Lakes

With approximately 35,000 islands, the question of how 
many colonial waterbirds nest on the Great Lakes islands 
and their distribution has always been an interesting one. 
Unfortunately, early records are quite sparse. Explorers 
and fur traders visited the Great Lakes as early as the 
1600s, the southern shores of Lakes Ontario and Erie 
were settled initially in the early to mid-1700s, the north 
shores in the late 1700s and there was much military ac-
tivity on those lakes during early 1800s. Unfortunately, 
we do not know of any quantitative records from that 
time. Commercial fishing and waterborne commerce de-
veloped soon after the War of 1812 and there were various 
ornithological treatises in the late 1800s (Wheaton, 1882; 
McIllwraith, 1894). Still, there were few if any quantita-
tive records on the distribution or numbers of colonial 
waterbirds nesting on the Great Lakes. 

One of the first related studies to evolve from the 
GLHGEMCP was initiated independently by Hans 
Blokpoel, on the Canadian Great Lakes, and by Bill 
Scharf on the US Great Lakes (Blokpoel, 1977; Scharf 
et al., 1978). It was their goal to visit all the waterbird 
colonies on the Great Lakes and record the numbers of 
nesting birds. These inventories evolved, in part, to an-
swer the broader question of whether there were any 
population-wide impacts from toxic chemicals. A partial 
survey of the upper lakes had been completed by Ludwig 
(1962). The project has since become a decadal survey, 
being conducted every 10 years; it is a huge undertaking 
usually taking three years to complete. In the most recent 
survey, 1997-2000, it was estimated that approximately 
1.8 million individuals of nine colonial waterbird species 
nested on the Great Lakes. Estimating the number of off-
spring and migrants which also used the Great Lakes in 
any one season increased the number of colonial water-

birds which used the Great Lakes annually to approxi-
mately 3.8 million. Ring-billed gull, herring gull and 
double-crested cormorant were the three most numerous 
species, while black-crowned night-heron, great egret 
and great black-backed gull were the least numerous. 
In terms of temporal trends (at Canadian sites), cormo-
rants and black-crowned night-herons have been increas-
ing, common terns have been declining steadily and the 
gulls and large herons have fluctuated, usually showing 
a substantial increase between the 1970s and the 1980s 
but then a decline between the 1980s and the 1990s. The 
census for the 2000s is currently underway. The surveys 
were begun too late to show a decline in population lev-
els associated with increasing contaminant levels, which 
presumably occurred in the 1950s and 1960s, but they 
have captured a strong recovery for many species from 
the 1970s to present. Clearly, the census of all colonial 
waterbirds on the Great Lakes is an important programme 
for tracking fluctuating population levels and identifying 
management issues with both superabundant and rare 
species.
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