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RESUME

Les Grands Lacs canadiens et américains ont &été un lieu important
de recherches et d'études sur la pollution et ses effets. Il existe
aujourd'hui une somme énorme de données sur les niveaux de pollution
dans les eaux, les sédiments et de nombreux niveaux trophiques des
Grands Lacs. Toutefois, 1les scientifiques et 1le public é&prouvent
souvent de 1la difficulté & obtenir un résumé complet des données
concernant la contamination & un ou plusieurs niveaux trophiques. Dans
cet atlas, sont résumés 1les concentrations moyennes de trente-neuf
contaminants ainsi que les pourcentages de 1lipides mesurés par le
Service canadien de la faune, de 1970 & 1988, dans les oeufs de sept
espéces d'oiseaux coloniaux piscivores de toutes les parties des Grands
Lacs. L'atlas, qui contient 4 491 données, ne recense pas les données
qui ont été recueillies par d'autres organismes.

Au début des années 70, une diminution des populations de
plusieurs espéces d'oiseaux nicheurs piscivores a été constatée dans
une grande partie des Grands Lacs (Gilbertson, 1975; Vermeer et
Peakall, 1977 a et b; Postupalsky, 1978; Price et Weseloh, 1986;

.Weseloh et al., 1986). Dans le cas des espéces comme le Cormoran &

aigrettes (Phalacrocorax auritus) dont 1les effectifs é&taient

" relativement faibles par rapport aux goélands, la diminution était treés

évidente. Devant la baisse de productivité ou des effectifs de ces
oiseaux, le Service tanadien de la faune entreprit une étude sur les
concentrations de contaminants dans 1les populations d'oiseaux
piscivores des Grands Lacs et sur leurs effets biologiques possibles.
Ces oiseaux, particuliérement les populations du lac Ontario, étaient
parmi les plus fortement contaminés au Canada et au monde par diverses
substances chimiques (Vermeer et Peakall, 1977).

Durant la deuxiéme moitié des années 70, suite & l'adoption de
mesures restreignant 1l'utilisation et 1'élimination de nombreux
produits chimiques toxiques, les concentrations des contaminants ont
commencé 3 baisser dans les oeufs d'oiseaux piscivores (Gilman et al.,
1977; Weseloh et al., 1979). La plupart des populations de ces oiseaux
ont conséguemment montré des signes de rétablissement (Price et
Weseloh, 1986; Cadman et al., 1987). :

Cet atlas réunit 1les données sur 1les concentrations de
contaminants qui ont é&té mesurées dans 1les oeufs des oiseaux
piscivores de 1970 & 1988. Il permet de localiser 1les données se
rapportant & des lieux précis d'échantillonnage ou & des contaminants
particuliers en procédant par étapes. Il est destiné & fournir
rapidement et facilement réponse & diverses questions concernant, par
exemple, les endroits ol des oeufs ont é&té prélevés pour analyse, les
données disponibles sur les concentrations de contaminants particuliers
dans les oeufs d'oiseaux aquatiques coloniaux, les tendances spatiales
et géographiques des .concentrations des contaminants dans ces oeufs et
l'alimentation de ces oiseaux dans la région des Grands Lacs.




Dans 1le volume I, 1l'information sur 1les concentrations des
contaminants est résumée de trois fagons différentes. Premiérement,
l'information est présentée selon 1le 1lieu 4! échantillonnage.
Deuxiémement, les tendances des concentrations de quatre contaminants
importants (p,p'-DDE, dieldrine, biphényles polychlorés et 2,3,7,8-
- tétrachlorodibenzo-p-dioxine) dans les oeufs du Goéland argente sont
présentées sous une forme graphlque. Troisiémement, les tendances des
populations de chaque espéce. ainsi que les tendances géographiques et
temporelles des concentrations des. contaminants dans les oeufs de
chacune sont montrées. Afin de faciliter 1l'interprétation des données
sur les contaminants, on a egalement inclus dans ce volume un résumé
des aliments qu'utilisent 1es oiseaux de chaque espéce dans la région
des Grands Lacs.

Dans le volume II, les données sont resumees unlquement suivant le
type de contaminant mesuré dans les oeufs.
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Figure 22. Trends in concentrations of p,p'=~DDE,

dieldrin, PCB 1254:1260 and 2,3,7,8-TCDD in

Herring Gull eggs from Big Sister Island and

Little Sister Island, Lake Michigan (1971-1986) ...c.... cees

Figure 23. Trends in concentrations of p,p'-DDE,

dieldrin, PCB 1254:1260 and 2,3,7,8-TCDD in

Herring Gull eggs from Agawa Rock and _
Mammainse Harbour, Lake Superior (1974-1988)....... cessssans

Figure 24. Trends in concentrations of p,p'-DDE,

dieldrin, PCB 1254:1260 and 2,3,7,8-TCDD

in Herring Gull eggs from Granite Island

and Silver Islet, Lake Superior (1973-1988)...c.c.. cesssssss
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. INTRODUCTION

The Great Lakes of Canada and the United States have been a
major arena for research and monitoring studies of pollution
levels and effects. Today, there is an enormous database on the
pollution levels in water, sediment and many trophic levels of the
Great Lakes. However, it is often difficult for scientists and the
public to easily locate a comprehensive summary of data concerning
contamination in any or all of these trophic levels. This atlas
provides a summary of the mean concentrations of thirty-nine
contaminants and the percent lipid measured in eggs of seven

species of flsh-eatlng colonial birds sampled only by the Canadian’

Wildlife Service throughout the Great Lakes during 1970-1988.
There are 4491 data points presented in the atlas; however, this
does not include any contaminant data concerning biota in the
Great Lakes collected by other organizations and agencies.

] Throughout much of the Great Lakes, the population levels of
several species of breeding fish-eating birds declined during the .
early 1970s (Gilbertson, 1975; Vermeer and Peakall, 1977a,b;
Postupalsky, 1978; Price and Weseloh, 1986; Weseloh et al., 1986).
For species such as, the Double~crested Cormorant (Phalacrocorax
auritus), whose numbers were low relative to gulls, population
declines were extremely conspicuous. In response to lowered
productivity and/or declining population levels, the Canadian
Wildlife Service began a study of the contaminant levels in Great
Lakes populations of fish-eating birds, and their possible
biological effects. These species were among the most heavily
contaminated by various toxic chemicals in Canada and the

world, especially populations located in Lake Ontario (Vermeer and
Peakall, 1977).

With the advent of legislative controls and restrictions on
the use and disposal of many toxic chemicals, chemical
concentrations found in eggs of fish-eating birds began to
decline after the mid-1970s (Gilman et al.,1977; Weseloh et al.,
1979) . Accordingly, most of the fish-eating bird populations have
shown signs of recovery (Price and Weseloh, 1986; Cadman et. al.,
1987).

We present the levels of contaminants found in eggs of fish-
eating birds throughout 1970-1988. Data from specific sampling
locations or specific contaminants can be retrieved in a stepwise
manner from this atlas. The purpose of the atlas is to provide a
quick and easy answer to questions such :as where have eggs been
collected for analysis; how much data is available on levels of
specific contaminants in eggs of colonial waterbirds; what are the
spatial and geographic trends in contaminant levels in these bird
eggs; and finally, what is the diet of colonial waterbirds in the.
Great Lakes?
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In Volume I, information on contaminant levels is summarized

in three different manners. Firstly, it is presented on the basis

of sample locations. Secondly, trends in levels of four major
contamlnants. p,p'-DDE, dieldrin, polychlorlnated biphenyls and
2,3,7, 8-tetrachlorodlbenzo-p-dlox1n in Herring Gull eggs are

presented in graphic form. Thirdly, populatlon trends of each species,

and geographic, and temporal trends in contaminant levels in the
eggs of each species are given. Also in Volume I, a summary

of the diets of each species in the Great Lakes is provided

as an aid for interpretation of the contaminant data.

In Volume II,'data is summarized only on the basis of the

types of contaminants measured in eggs.

INSTRUCTIONS FOR USERS OF THIS ATLAS
The contaminant data contained in this Atlas (Volumes I and

II) is presented in four forms:

1. Mean concentrations of contamlnants, summarized by
location (Volume I, Section 1).

2. Mean concentratlons of contaminants, summarized by
compound (Volume II, Section 1').

3. Trends in four contamlnants in Herrlng Gull eggs from
Great Lakes annual monitor colonies (Volume I, Section 2).

4. Discussion of population trends, and temporal and
geographic variation in contaminant levels -for seven
species on the Great Lakes (Volume I, Section 3).

Also, the results of diet studies, primarily on the Great
Lakes, for each species for which eggs have been collected for
contaminant analysis are summarized (Volume I, Section 4).

This atlas has been designed to be used in a stepwise manner.
The quickest method of finding the data available for a specific
location or a specific chemical is described below.

1) This first step is designed to alert the user to the scope of
the database in the document. Tables 1-10 are summaries of species
sampled, compounds analyzed and number of eggs analyzed in each
sample year (1970-1988) from colonies on the Great Lakes. The
accompanying maps (Figures 1-10) illustrate the locations of Great
Lakes colonies of fish-eating birds from which eggs were collected
for contaminant analysis. The colony names are numbered on the
maps and these correspond to the numbers on the accompanying
tables. These tables are present in hoth Volume I and Volume II.

For example, if you are interested in types of contaminants
and the levels found in the eggs of fish-eating birds in the
Kingston area, you would refer to Figure 2 (p.20), which illustrates
the colonies sampled in Eastern Lake Ontario. The colonies:

Snake Island, West Brothers Island, Pigeon Island, and Little
Galloo Island are located near Kingston. You would then refer to
Table 2, which lists the species whose eggs were sampled at each

13



of these colonies, the years of sampling and the contaminants
measured in the eggs. This simply and quickly informs you how much
data is available for species in every area of the Great Lakes.

2) The second step, is to locate the mean, standard deviation and
sample size for each contaminant measurement in the eggs of every
species that has been sampled in the location of interest. Volume I,
Section 1 and Volume II, Section 1, contain summaries of the same

data but present the data in two different ways. In Section 1,

(Table 11), Volume I, the contaminant data is presented by sampling
location and in Section 1 (Table 11) Volume II, the contaminant

‘data is presented by types of chemicals measured in the eggs.

For example, if you are interested in data concerning species on
Snake Island, refere to the data summary by sample location (Table 11,
Volume I). If you are interested in data throughout the Great Lakes or
in only a few colonies near Kingston concerning the chemical Dieldrin,
then reference to the data summary by chemical analyzed in eggs (Table
11, Volume II), would be most suitable.

Data. summary by Location Sampled (Volume I, Section 1).

An index lists the lakes and colonies sampled throughout the
Great Lakes (p.1-2). It lists the page numbers in Table 11 on
which all contaminant data can be found concerning each species at
each colony.

- .

Following the index, Table 11 presenté contaminant data for
eggs of fish-eating birds summarized by lakes, colonies and years
sampled.

Data summary by Chemical Analyzed in Eggs (Volume II, Section 1).

An index lists the page numbers in Table 11 on which the data
for each contaminant can be found for the colonies sampled in each
lake. :

Following the index, Table 11 presents contaminant data for
eggs of fish-eating birds summarized by the chemical measured in
the eggs for all lakes, colonies, species and years sampled.

For example, if you are 1nterested in data concerning spec1es
on Snake Island he would refer to the data summary by location
sampled (Table 11, Volume I). If you were interested in data
throughout the Great Lakes or in only a few colonies for the
chemical Dieldrin then reference to the data summary by chemical
analyzed in eggs (Table 11, Volume II), would be most suitable.

It is important that the summary of methodologies and
statistical notes pertaining to the contaminant data (p.38) is
examined by all readers to facilitate proper interpretation of the
data. : .

14
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The locations, chemicals analyzed, and species are listed in
the following order in all indices and tables:
1. The Lakes and colony locations are listed, generally, in
east to west order.

2. The contaminants measured are listed, generally, in
alphabetical order. A list of the order of the
contaminants measured and the abbrevations used on the
tables is supplied (p.16).

3. The species sampled are listed in the following order:
Herring Gull (Larus argentatus)
Double-crested Cormorant (Phalacrocorax auritus)
Caspian Tern (Sterna caspia)
Conmon Tern (Sterna hirundo)
Black-crowned Night Heron (Nycticorax nycticorax)
Ring-billed Gull (Larus delawarensis)
Forster's Tern (Sterna forsteri)

This list is arranged in sequential order which reflects the
species for which we have the most (Herring Gull) to least data.
Section 2 (Volume I). Additional graphic presentations of data are
available in the Atlas in the form of:

Trends in contaminants (p,p'-dde, dieldrin, polychlorinated
biphenyl 1254:1260, 2,3,7,8-tetrachlorodibenzo-p-dioxin) in
Herring Gull eggs (Flgures 11-24, Volume I). Histograms
illustrate trends in these four contamlnants in Herring Gull eggs
from 1971 to 1988 for at least two colonies per lake.

Species Accounts (Section 3, Volume I).

These accounts discuss the population trends for each
species, and the general spatial and temporal trends in major
contaminant levels in the eggs of each species sampled during
1970-1988 (Tables 12-18, Volume I).

Diets of Selected Fish-eating Birds (Section 4, Volume I).
The results of diet studies, primarily on the Great Lakes,

for each species for which eggs have been collected for
contaminant analysis are summarized in tabular form (Table 19)

15




COMPOUNDS

The £
except for

ANALYZED IN EGGS OF FISH-EATING BIRDS OF THE GREAT LAKES
ollowing compounds are listed in alphabetical order
"percent lipid in egg". The underlined sections of the

chemical names are the words which were used to place the chemical

in its alp
listed in
this list-
document.
Table 10.

CAS #

7440-38-2
7440-43-9
5103-71-9
5103-74-2
7304-13-8
87-61-6
120-82-1
180-70-3
634-66-2

608-93-5
118-74-1
72-54-8
72-55-9
50~-29-3
60-57-1
1746-01-6
40321-76-4
39227-28-6
35822-46-9
3268-87-7
51207-31-9
57117-31-4

55684-94~-1
1024-57-3
39-84-6
39-85-7
58-89-8
7439-92-1
7439-97-6
2385-85~-5
39801-14-4
5103-73-1
39765-80-5

11097-69-1
11096-82-5
7782-49-2

habetical position in the list. Chemical congeners are
order of increasing chlorination. The order of names in

is consistently used throughout the tables in this
Abbreviations correspond to those on Table 1 through
COMPOUNDS ABBREVATION
Percent lipid in egg % Lip
Arsenic _ " As
Cadmium - cd
alpha(cis)-chlordane a-chl
gamma (trans)~- chlordane g-chl
oxy-chlordane o-chl
1,2,3-chlorobenzene ' 123-CB
1,2,4-chlorobenzene 124 CB
1,3,5~chlorobenzene _ 135-CB
1,2,3,4-chlorobenzene ' 1234-CB
1,2,3,5-/1,2,4,5~-chlorobenzene 1235/1245CB
penta-chlorobenzene PeCB
hexachlorobenzene HCB
DDD . : DDD
DDE DDE
DDT ' DDT
Dieldrin i _ Diel
2,3,7,8-tetrachlorodibenzo-p~-dioxin Dioxin
1,2,3,7,8-pentachlorodibenzo-p~dioxin Dioxin
1,2,3,6,7,8-hexachlorodibenzo—p—dioxin Dioxin
1,2,3,4,6,7,8-heptachlorodibenzo~p-dioxin Dioxin
octachlorodlbenzo—p dioxin Dioxin
2,3,7,8-tetrachlorodibenzofuran Furan
2,3,4,7,8-pentachlorodibenzofuran Furan
1,2,3,4, 7 8-/1,2,3,4,6,7-hexachlorodibenzofuran Furan
1,2, 3,6,7,8-hexachlorodibenzofuran Furan
Heptachlor epoxide Hep Epx
alpha-hexachlorocyclohexane a-hch
beta-hexachlorocyclohexane : b-hch
gamma-hexachlorocyclohexane g-hch
Lead Pb
Total mercury g Hg
Mirex Mir
photomirex P Mir
cis-nonachlor c-non
trans-nonachlor t-non
Octachlorostyrene _ 0OCs
PCB-1260 ‘ . : - PCB 1260
PCB-1254:1260 PCB 1254:1260

Selenium ( Se

! I - - - - - - _‘—ua- ->-:.~
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LIST OF ABBREVIATIONS SPﬁCIFIC TO Tables 1-10

- Col no.
>Spec.
yr
.HERG
DCCO
CATE
COTE
BCNH
RBGU

FOTE

colony number
species

year of egg collection

Herring Gull

Double-crested Cormorant
Caspian Tern |
Commd? Tern

Black;crowned Night-Héron
Ring-billed Gull

Forster's Tern

17
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ies sampled and compound analyzed.

Table 2. The sample size of eggs analyzed in each year (1970-1888) from Eastern Lake Ontario, arranged by collection site,
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Table 3. The sample size of eggs analyzed in each year (1970-1988) from Weslern Lake Ontario and the Niagara River arranged by collection site, species sampled and compound analyzed.
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Methodologlcal and Statistical Notes specific to
Table 11.

All analytical data have been calculated on a wet weight
basis.

All means and standard deviation values are reported at four
significant digits. Trailing zeros in these values are
truncated.

Dioxin and Furan compounds are reported in pg/g.
All other compounds are reported in ug/g.

All sample sizes reported as (N=1) in years prior to 1985
represent a sample of one egg used in chemical analysis.

All sample sizes reported as (N=1) in years after 1985
represent a sample of 10 eggs which were pooled and analyzed
as a single sample.

Analytical results. for DDD and DDT which are equal to or less
than twice the detection limit (i.e. 0.01 ug/g) should not be
considered absolute values. Rather they are indicative of very
low levels which are approaching the detection limits of these
chemicals. : :

The detection limits used in the analytical determination

of PCBs, chlorinated benzenes, and organochlorine pest1c1des
varied with the laboratory and methodology used. Changes in
methodology principally affected determination and
quantitation of the PCBs. Detection 1limits have not been
determined formally but generally the following can be used as
a guide:

All chlorinated benzenes 0.001 ug/g
All organochlorine pesticides 0.005 ug/g
All polychlorinated biphenyls 0.01 ug/g

Detection limits for metals
(based on maximum sample weight of 1 g.):

Arsenic 0.01 ug/g
Cadmium 10 ug/g
Mercury 0.02 ug/g

(Ontario Research Foundation, 1977;1979)
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The minimum detection 1limits for dioxin and furan compounds
exist within the ranges 1listed below. Fluctuations in
detection 1limits occur subject to the cleanliness of the
samples at the time of analysis and the condition of the ion

- source of the mass spectrometer at any given time.

10.

Tetrachlorodioxins/furans i-2 pg/g
Pentachlorodioxins/furans 2=3 pg/g
'Hexachlorodioxins/furans 3=-4 pg/g
Heptachlorodioxins/furans 6 P9/g9
Octachlorodioxins/furans 8-10 pg/g

7. All PCB data have been expressed as Aroclor 1254:1260 1:1
mixture or Aroclor 1260. In recent years, these values have
been obtained by determination of PCB congeners #138 and #180.
Earlier results have been checked against more recent results
and correction factors applied where necessary.

However, the results from the Aroclor 1254:1260 1:1 mixture
appear to be roughly twice that of results obtained by summing
all PCB congeners (ZIPCB). Recently, factors have been obtained
which convert Aroclor 1254:1260 1:1 mixture results to ZPCB
results (Turle et. al., 1991). Those factors are: 0.461 for
results from Lake Ontario, 0.444 for Lake Erie, 0.484 for Lake
Huron and 0.450 for Lake Superior. These factors are only
applicable to Herring Gull eggs from the Great Lakes (Turle et
al., 1991i).

Organochlorine pesticide and PCB analyses were conducted under -

contract at the Ontario Research Foundation or ORTECH
Corporation, under the direction of Dr.L.Reynolds from 1972 to
1985 (Reynolds and Cooper, 1975). From 1986, analyses have
been performed by H.Won at the CWS National Wildlife Research
Centre (Peakall et al., 1986).

All dioxin anélyses were performed by M.Simon and M.Mulvihill
of CWS National Wildlife Research Centre (Norstrom et al.,
1986) . These methods have been automated.

Metal analyses were performed by Ortech, MlSSlsauga, Ontario,
and Berringer-Magenta Corporatlon, Toronto, Ontario. Methods
of analysis are described in Struger et al., 1987.

Methodology changes in pesticide and PCB analyses have been
summarised along with quality assurance principles for results
obtained by contract (Turle et. al., 1988)

Chlordane isomers have been presented as alpha-chlordane,

trans-chlordane, and oxy-chlordane. Alpha-chlordane is

synonymous with cis-chlordane, and trans-chlordane is
synonymous with gamma-chlordane. '
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Index to Contaminant Data, summarized by Location.

Table 11. Contaminant Data, Summarized by Location



Index to contaminant data, summarized by Location.

LAKE ONTARIO

Colony

STRACHAN ISLAND

SNAKE ISLAND

WEST BROTHERS
ISLAND : :

PIGEON
ISLAND

'LITTLE GALLOO

ISLAND

SCOTCH BONNET
ISLAND

GULL ISLAND
PRESQU'ILE

LESLIE ST.
SPIT

TORONTO
ISLANDS

MUGG'S
ISLAND

Species.

Hérrihg'Gullooonl...ono..o......o.o.
Herring Gll'll..l'............l..l...l

Herring GUll.....ccecececoccccacasce

Herring GUll......ccecoccsocccccancce

Double-crested Cormorant........ece...
Caspian Tern.....cecceccccccccccccns

Black-crowned Night-Heron.....l,....

Herring GUll ...ccccecececcoccncnacse
Double-crested Cormorant....eeeeeeee
Black-crowned Night-Heron...........
Herring Gull........;......;;..;....
Double-crested Cormorant..c.c..cccce
Herring Gull......cccceceeccccacnccce
COMMON TerMN.cccccocccssascscsenscsacs

Herring Gull.....cccceccccccsccccncs
commonTern................II.....I.

Herring Gull.....ceccescscoccscccacs

COMMON TerN.ccesecesscsccscocescs ceecas

Ring-billed Gull....... ceecessccssenn

Page



Colony

HAMILTON
HARBOUR

NIAGARA
RIVER -

LAKE ERIE/DETROIT RIVER AND ST.CLAIR RIVER

PORT COLBORNE
CANADA FURNACE

PORT COLBORNE
LIGHTHOUSE
MOHAWK ISLAND

LONG POINT

PROVINCIAL PARK -

SANDUSKY TURNING
POINT

MIDDLE
ISLAND
BIG CHICKEN
ISLAND

MIDDLE SISTER
ISLAND

FIGHTING
ISLAND

WALPOLE
ISLAND

ST.CLAIR RIVER

Species

Herring Gull..c.-c.....-....---..ooo

Common Térn.u-.o..'-oo-o.-...o.-.o.o

Ring-billed Gullo-..n-o...-o.c.-o‘u--

HerringGull...l'....-..-.... .......

Black-crowned Night-Heron...... cenae

Common Tern..........

Herring Gull........

Common TerN...ccesee

Herring Gull.......

"Forster's Tern.

Herring Gull...

Herring Gull...

Black-crowned Night-Heron...... ceena

Double-crested Cormorant............

Herring Gull.....ccoeeeceescaccansas

Herring Gull.......

COMMON TOYMe v e eoveseesosccnscnanenss

Ring-billed Gull..

Black-crowned Night-Heron...........

Forster's Tern..... .

Herring Gull........

1-100

1-105

1-106

1-109

1-111



Colony
' LAKE HURON

CHANTRY
ISLAND

KETTLE
POINT

MANITOBA
REEF

BLACK
RIVER

LITTLE CHARITY
ISLAND

CHANNEL
SHELTER
ISLAND

GEORGIAN BAY

NOTTAWASSAGA
ISLAND

WALLIS
ROCK

SOUTH AND NORTH
LIMESTONE
ISLANDS

BLACKBILL
ISLANDS

CASTLE
ROCK

BUSTARD
ROCK

HALF MOON
ISLAND

Species

Herring Gull......ceeeececeeccoacccs

Black-crowned Night-Heron...........

common .Ternococoononno-...o‘o..o-o-a.

Herring Gull...................;..,.

Herring Gull.....cceevececnacecccnce

Herring Gull.....c.ceiececcecsncennnn

Herring Gullp.......n;..L.....,.e‘..

Herring GUll.....:veeeoeeeeooeeacnns

Double-crested Cormorant......... coe

Herring Gull.......

Caspian Tern.....

ooooooooooooooooo

Double-crested COrmorant............

Herring Gull....

Double-crested Cormorant......... o oe

Caspian Tern......

Page

1-116
1-121

1-123

1-124

1-125

1-126

1-127

1-131

1-132

1-133

1-134

1-137

1-138

f




_ Page

Colony Species
GULL Double-crested Cormorant.... 1-141
ROCK '
THE COUSINS Caspian Tern....cceeeeeosee. 1-143
ISLAND
DOUCET Double-crested Cormorant.... 1-144
ROCK
DOUBLE Herring Gull...ceeeoeeoosns . 1l-146
ISLAND :
TALON Double-crested Cormorant.... 1-151
ROCK
AFRICA Double-crested Cormorant.... 1-152°
ROCK .
PUMPKIN ‘ Herring Gull.....ecevueue... . 1-154
POINT ;

LAKE MICHIGAN
ISLE AUX | Caspian Te€rnN...........c.... 1-158
GALETS .
HAT Herring Gull........... essss 1-160
ISLAND :

Caspian Tern......cceceeees- 1-161

GULL Herring Gull......... ceessas 1-162
ISLAND i
BELLOWS Herring Gull........ cecceaaa 1-166
ISLAND
TROUT Herring Gull.......cccoeeeee 1-168
ISLAND
FISH Herring Gull........ccceeee. 1-171
ISLAND .
GRAVEL Herring Gull......ccceveeeeo 1-174
ISLAND
SPIDER Herring Gull......... PP 1-177
ISLAND




Colony

GRAVELLY
ISLAND

LITTLE
SISTER
ISLAND

BIG
SISTER
ISLAND

HAT ISLAND-
GREEN
BAY

LAKE SUPERIOR

CHENE
ISLAND

MAMMAINSE
HARBOUR

AGAWA
ROCK
LEADMAN
ISLANDS

HURON
ISLAND

LAKE
LINDEN

GRANITE
ISLAND

GRAVEL
ISLAND

SILVER
ISLET

PAPOOSE
ISLAND

Species

Caspian

Herring

Herring

Herring

Herring

Herring

Herring

Herring

Herring

Herring

Herring

Double-crested Cormorant...

Herring Gull.....cccecoeace

Herring

TerN.cecccoccss

Gu11-o-.--.

Gull.......

Gull.....;.

Gull......,
Gull.......
Gull.......
Gull.......
Gull.......
Gull.......

Gull.......

Gull...c....

Page -
1-180

1-182
1-183

1-192

1-194
1-195
}~197
1-201
1-202
1-263
1-204
1-205
1-211

1-213



Page
Colony Species
GULL Herring Gull....ccceececenes 1-214
ISLAND .
KNIFE Herring Gull....ceeeecceeces 1-218
ISLAND
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Section 2.

Index to Trends in Contaminants In Herring Gull eggs
from Great Lakes Annual Monitor Colonies

Figures 11-24. Trends in Contaminants in Herring Gull eggs from
Great Lakes Annual Monitor Colonies



?

Index to trends in Contaminants in Herring Gull eggs from Great
Lakes annual monitor colonies.

Page
EASTERN LAKE ONTARIO-Snake Island/West Brothers Island®* ... 2-3
EASTERN LAKE ONTARIO-Scotch Bonnet Island...... et eeeeaeean 2-4 -

WESTERN LAKE ONTARIO-Mugg's Island/Leslie St. Spit™ ....... 2=5

NIAGARA RIVER .tccccccvcccoscevscsonsosccccscscsccsccssccacsssccscss 2=6
EASTERN LAKE ERIE-Port Colborne Lighthouse......cceeeeeeces 2-7
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LAKE MICHIGAN-Gull Island/Trout Island®........cceeeeeeeee. 2-13
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*The combined results during 1970-1988 from these colonies

represent the trends in contaminant concentrations in Herrlng
Gull eggs from that general site on each particular Lake.




Figure 11.
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Y 7727777777777

Trends in mean concentrations of p,p’-DDE, dieldrin, PCB 1254:1260 and 2,3,7,8-
TCDD in Herring Gull eggs from Snake Island and West Brothers Island, Lake
Ontario (1973-1988).
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Figure 12.  Trends in mean concentrations of p,p'-DDE, dieldrin, PCB 1254:1260 and 2,3,7,8-
' TCDD in Herring Gull eggs from Scotch Bonnet Island, Lake Ontario (1971-1982)
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Figure 13.  Trends in mean concentrations of p,p’-DDE, dieldrin, PCB 1254:1260 and 2,3,7,8-
: TCDD in Herring Gull eggs from Mugg s Island and Leslie St. Spit, Lake Ontario
(1974-1988)
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‘Figure 14. Trends in mean concentrations of p.p’-DDE, dieidrin, PCB 1254:1260 and 2,3,7,8-
TCDD in Herring Gull eggs from the Niagara River (1979-1988).
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Figure 15. Trends ih mean concentrations of p,p’-DDE, dieldrin, PCB 1254:1260 and 2,3,7,8-

TCDD in Herring Gull eggs from Port Colborne Lighthouse and Mohawk Island,
Lake Erie (1974-1988).
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Figure 16.  Trends in mean concentrations of p,p’-DDE, dieldrin, PCB 1254:1260 and 2,3,7,8-
TCDD in Herring Gull eggs from Middle Island, Lake Erie (1974-1988).
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Figure 17. Trends in mean concentrations of p,p"-DDE, dieldrin, PCB 1254:1260 and 2,3,7,8-
TCDD in Herring Gull eggs from Fighting Island, Detroit River (1972-1988).
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Figure 18. Trends in mean concentrations of p,p’-DDE, dieldrin, PCB 1254:1260 and 2,3,7,8-

ppm
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TCDD in Herring Gull eggs from Chantry Island, Lake Huron (1974-1988).
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Figure 19.

"Trends in mean concentrations of p,p’-DDE, dieldrin, PCB 1254:1260 and 2,3,7,8-
TCDD in Herring Gull eggs from Channel Shelter Island, Lake Huron (1980-1988).
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Figure 20.  Trends in mean concentrations of p.p’-DDE, dieldrin, PCB 1254:1260 and 2,3,7,8-
TCDD in Herring Gull eggs from Double Island, North Channel, Lake Huron
(1974-1988).

ppm

“BLIND RIVER

ppm

Double Island

B DIELDRIN

ppm

40— |
1 2378-TCDD
30+
20—
ket 4
[«
10
w*********

o %
74 76 788082848688

YEAR

- Indicates no data




-

Figure 21.
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Trends in mean concentrations of p,p’-DDE, dieldrin, PCB 1254:1260 and 2,3,7,8-

TCDD in Herring Gull eggs from Gull Island and Trout Island, Lake Michigan

(1977-1988).
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Figure 22. Trends in mean concentrations of p,p’-DDE, dieldrin, PCB 1254:1260 and 2,3,7,8-
TCDD in Herring Gull eggs from Big Sister Island, Hat Island and Little Sister
Island, Lake Michigan (1971-1988).
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Figure 24.  Trends in mean concentrations of p,p'-DDE, dieldrin, PCB 1254:1260 and 2,3,7,8-

ppt

TCDD in Herring Gull eggs from Granite Island and Silver Islet, Lake Superior
(1973-1988). : |

Granite Island

. , -
o0l D p.p DDE D Siver Islet

Granite Island
Siiver Islet \

15_% 2,37,8-TCDD
107
=
T ok ok ok ok ok ok ok ok K

T 1 11T 11 11 171 11
74 76 78 80 82 84 86 88

YEAR
% - Indicates no data

[\8]
1

16

-










- - —-un—jﬁ_ba’——iﬁl-ﬁﬁ-{- - -

Section 4.
Species Accounts:

Herring Gull
Double-crested Cormorant
Caspian Tern
Common Tern
Black-crowned Night-Heron
Ring-billed Gull
Forster's Tern

The following accounts introduce population trends for each
species, and temporal and geographic variation of contaminant
concentrations in eggs of each species. The contaminant trends
discussed pertain mainly to "major" contaminants (DDT, p,p'-DDE
(DDE), hexachlorobenzene (HCB), mirex, dieldrin, heptachlor
epoxide and polychlorinated biphenyl (PCB) 1254:1260) although
other compounds are included. Not all of these contaminants are
discussed in every species account due to the varying sources of
information which were used to compile these summaries. The
reader should refer to the references cited for more detailed
information concerning each species.

- Index to Species Accounts
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HERRING GULL (Larus argentatus)
Distribution, Abundance, and Population Trends

The Herring Gull nests in all five ' Great Lakes .and
. connecting channels. This species is the second most abundant
fish-eating colonial waterbird nesting on the Great Lakes
(Blokpoel and Scharf, 1991) and it is also the most abundant
colonial waterbird nesting on Lake -‘Superior (Blokpoel
unpublished) and in western Lake Erie (Weseloh et al. 1988a).

Breedlng population censuses for the Canadian and U.S. Great
Lakes in 1976-1980 reported 75015 nests (Weseloh et al.,1986).
During a 19 year period, 1960-62 to 1980, in the Canadian
colonies of Lake Huron, populations increased at an average
annual rate of 1.6% (Weseloh et al., 1986); on Canadlan western
Lake Erie, during the five year period .of 1979-1984, the
population increased 78.2% (Weseloh et al.,1988a). 'In Lake
Ontario between 1976 and 1987, numbers had increased from 519 to
1540 nests (33.7%) (Blokpoel and Scharf, 1991). In the U.S.
Great Lakes colonies, populations 1ncreased 8.2% between 1976 and
1977 (Scharf et al., 1978)

In 1989 a census .of colorual waterb:.rds in the Canadian
portions of Iﬂkes Huron and Superior recorded 24628 and 11496
Herring Gull nests, respectively (Blokpoel and Tessier, 1991).
The Herring Gull was the most numerous among five colonial
waterbird spec1es inventoried. Between 1980 and 1989, Herring
Gull numbers in Canadian Lake Huron have increased from 24268 to
33547 nests and in Lake Superior have increased from 6136 nests
to 11496 nests (Blokpoel and Tessier, 1991).
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Table 12. Years and sites of collection of Herring Gull eggs.

Sample year
1971

1972

1973

1974

1975

1976

1977

Collection Site

Scotch Bonnet Isl. (L. Ont.)
Big Sister Isl. (L. Michigan)

Scotch Bonnet Isl. (L. Ont.)
Pigeon Isl. (L.Ont.) :
Fighting Isl. (Detroit R.)
Big Sister Isl. (L. Michigan)

West Brothers Isl. (L.Ont.)
Big Sister Isl. (L. Michigan)
Granite Isl. (L. Superior)
Silver Islet (L. Superior)

West Brothers Isl. (L.Ont.)
Scotch Bonnet Isl. (L.Ont.)
Mugg®’s Isl. (L.Ont.)

Port Colborne

Lighthouse (L. Erie)
Middle Isl. (L.Erie)

Chantry Isl. (L.Huron)
Double Isl. (N.Chan/L.Huron)
Big Sister Isl. (L. Michigan)
Mammainse Harbour (L.Superior)
Granite Isl. (L. Superior)

West Brothers Isl. (L.Ont.)
Mugg's Isl. (L.Ont.)

Port Colborne-

Lighthouse (L.Erie)
Middle Isl. (L.Erie)

Chantry Isl. (L.Huron)

Double Isl. (N.Chan/L.Huron)
Mammainse Harbour (L.Superior)
Silver Islet (L. Superior)

Scotch Bonnet Isl. (L.Ont.)
Gull Isl. (L.Ont.)

South Limestone I. (Georg.Bay)
Big Sister Isl. (L. Michigan)
Granite Isl. (L. Superior)

Snake Isl. (L.Ont.)

Scotch Bonnet Isl. (L.Ont.)
Gull Isl. (L.Ont.)

Mugg's Isl. (L.Ont.)
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Table 12 (continued)

Sample year
1977 (continued)

- 1978

1979 -

Collection Site

Port Colborne

Lighthouse (L.Erie)

Middle Isl. (L.Erie)

Chantry Isl. (L.Huron)
Double Isl. (N.Chan/L.Huron)

"Hat Island-Green Bay

(L.Michigan)
Little Sister Isl. (L.Michigan)

Big Sister Isl. (L. Michigan)

Mammainse Harbour (L.Superior)
Silver Islet (L. Superior)

Snake Isl. (L.Ont.)

Leslie St. Spit (L.Ont.)

Mugg's Isl. (L.Ont.) _
Scotch Bonnet Isl. (L. Ont)

Gull Isl. (L. Ont.)

Port Colborne ’
Lighthouse (L.Erie)

~Mohawk Isl. (L.Erie)

Middle Isl. (L.Erie) .
Middle Ssister Isl. (L.Erie)
Fighting Isl. (Detroit R.)
Chantry Isl. (L.Huron) -
Double Isl. (North
Chan. /L.Huron) '

Gull Isl. (L.Michigan)

Bellows Isl. (L.Michigan)

Big Sister Isl. (L. Michigan)
Mammainse Harbour (L.Superior)
Agawa Rock (L.Superior)
Granite Isl. (L. Superior)

Snake Isl. (L.Ont.)

Scotch Bonnet Isl. (L.Ont.)
Mugg's Isl. (L.Ont.)
Niagara River
Port Colborne

Lighthouse (L.Erie)
Sandusky Harbou

(L. Erie) :
Middle Isl. (L.Erie)

Fighting Isl. (Detroit R.)
Chantry Isl. (L.Huron)
Double Isl. (North
Chan. /L.Huron)
Gull Isl. (L.Michigan)
Big Sister Isl. (L. Michigan)
Agawa Rock (L.Superior)
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Table 12 (continued) -

1980

1981

Collection Site

Snake Isl. (L.Ont.)

Scotch Bonnet Isl. (L.Ont.)
Gull Isl. (L.Ont.)
Mugg's Isl. (L.Ont.)

Port Colborne

Lighthouse (L.Erie)
Middle Isl. (L.Erie)

Chantry Isl. (L.Huron)
Manitoba Reef (L.Huron)

Black River (L.Huron) ‘
Little Charity Isl. (L.Hron)
Channel Shelter Isl. (L.Huron)
Nottawasaga Island (Georg.Bay)
Castle Rock (Georg.Bay) :
Double Isl. (North
Chan. /L.Huron)

Pumpkin Point (North
Chan./L.Huron) :
Gull Isl. (L.Michigan)

Big Sister Isl. (L. Michigan)

'Agawa Rock (L.Superior)

Granite Isl. (L. Superior)

Snake Isl. (L.Ont.)

Pigeon Isl. (L.Ont.) =
Little Galloo Isl. (L.Ont.)
Scotch Bonnet Isl. (L.Ont.)
Mugg's Isl. (L.Ont.)
Hamilton Harbour (L.Ont.)
Niagara River

Port Colborne

Lighthouse (L.Erie)
Middle Isl. (L.Erie)

" Fighting Isl. (Detroit R.)

Chantry Isl. (L.Huron)

Channel Shelter Isl. (L.Huron)
Double Isl. (North
Chan. /L.Huron)

Gull Isl. (L.Michigan)

Agawa Rock (L.Superior)
Granite Isl. (L. Superior)



Table 12 (continued)

Sample year
1982

1983

Collection Site

Snake Isl. (L.Ont.)

Pigeon Isl. (L.Ont.)

Little Galloo Isl. (L.Ont.)
Scotch Bonnet Isl. (L.Ont.)
Gull Isl. (L.Ont.)

Hamilton Harbour (L.Ont.)
Muggs Isl. (L. Ont.)

Port Colborne

Lighthouse (L. Erie)

Niagara River
Middle Isl. (L.Erie)

Fighting Isl. (Detroit R.)
Chantry Isl. (L.Huron)
Channel Shelter Isl. (L.Huron)
Double Isl. (North
Chan. /L.Huron)
Gull Isl. (L.Michigan)
Big Sister Isl. (L. Michigan)
Agawa Rock (L.Superior)
Granite Isl. (L. Superior)

Snake Isl. (L.Ont.)
Mugg‘s Isl. (L.Ont.)
Niagara River

Port Colborne

Lighthouse (L. Erie)
Middle Isl. (L.Erie)
Fighting Isl. (Detroit R.)
Chantry Isl. (L.Huron)
Channel Shelter Isl. (L.Huron)
Double Isl. (North
Chan. /L.Huron)
Gull Isl. (L.Michigan)
Big Sister Isl. (L. Michigan)
Chene Isl. (L.Superior)
Gull Isl. (L. Superior)
Agawa Rock (L. Superior)
Papoose Isl. (L. Superior)
Leadman Isl. (L. Superior)
Huron Isl. (L. Superior)
Lake Linden (L. Superior)
Knife Isl. (L. Superior)
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Table 12 (continued)

Sample year
1984
1985

1986

Collection Site
Snake Isl. (L.Ont.)

" Mugg's Isl. (L.Ont.)

Hamilton Harbour (L.Ont.)
Niagara River
Port Colborne

Lighthouse (L.Erie)
Middle Isl. (L.Erie)
Fighting Isl. (Detroit R.)
Chantry Isl. (L.Huron)
Channel Shelter Isl. (L.Huron)
Double Isl. (North
Chan. /L.Huron) . :
Gull Isl. (L.Michigan)

Fish Isl. (L.Michigan)
Gravel Isl. (L.Michigan)
Spider Isl. (L.Michigan)
Big Sister Isl. (L. Michigan)
Agawa Rock (L.Superior)
Granite Isl. (L. Superior)

Snake Isl. (L.Ont.)
Mugg's Isl. (L.Ont.)
Niagara River

Port Colborne

Lighthouse (L.Erie)
Middle Isl. (L.Erie)
Fighting Isl. (Detroit R.)
Chantry Isl. (L.Huron) '

. Channel Shelter Isl. (L.Huron)

Double Isl. (N.Chan/L.Huron)
Pumpkin Point (North
Chan. /L.Huron)

Gull Isl. (L.Michigan)

Big Sister Isl. (L. Michigan)
Agawa Rock (L.Superior)

Strachan Isl. (St.Lawrence R.)
Snake Isl. (L.Ont.)

Mugg's Isl. (L.Ont.)

Hamilton Harbour (L.Ont.)
Niagara River

Port Colborne

"Lighthouse (L.Erie)

Middle Isl. (L.Erie)

Fighting Isl. (Detroit R.)
Chantry Isl. (L.Huron)

Channel Shelter Isl. (L.Huron)
Double Isl. (North
Chan. /L.Huron)

Trout Isl. (L.Michigan)



Table 12 (continued)

Sample vear
1287
1988

Collection Site

Big Sister Isl. (L. Michigan)
Agawa Rock (L.Superior)
Granite Isl. (L. Superior)
Gull Isl. (L. Superior)

Snake Isl. (L.Ont.)

Mugg's Isl. (L.Ont.)

Hamilton Harbour (L. Ont.)
Port Colborne

Lighthouse (L. oOnt. )
Niagara River
Middle Isl. (L. Erle)

Fighting Isl. (Detroit R.)
St.Clair River

Chantry Isl. (L.Huron)

Channel Shelter Isl. (L. Huron)
Double Isl.(N.Channel/L. Huron)
Gull Isl. (L.Michigan)
Big Ssister Isl. (L. Michigan)
Agawa Rock (L.Superior)
Granite Isl. (L.Superior)

' Strachan Isl. (St.Lawrence R.)

Snake Isl. (L.Ont.)
Leslie st. Spit (L.Ont.)

" Niagara River

Port Colborne

Lighthouse (L. Erle)
Middle Isl. (L.Erie)
Fighting Isl. (Detroit R. )
Chantry Isl. (L. Huron)

Channel Shelter Isl. (L. Huron)'

Double Isl. (North
Chan. /L.Huron)
Gull Isl. (L.Michigan)

Big Sister Isl. (L. Mlchlgan)

Agawa Rock (L.Superior)
Granite Isl. (L. Superior)

Contaminant trends examined

In a review of temporal and spatial trends of contaminants .
Weseloh (unpublished) evaluated
eriod 1974-1985. (see also

occurrlng in Herring Gull eggs,
sixteen toxic chemicals for the P
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Weseloh et al., 1979; Mineau: et al.,1984; 1I1IJC,1987). The
following is a summary of results and discussion of contaminant
trends from that report and a brief description of trends in
1986-1988.

Of the sixteen contaminants examined, six are referred to as
"major contaminants": p,p'-DDE, dieldrin, heptachlor epoxide
(HE), hexachlorobenzene (HCB), mirex and PCB 1254:1260. These
contaminants were designated as such due to the very high levels
occurring in Herring Gull eggs at the beginning of the study.
"Minor" contaminants included all the tri- and tetra-
chlorobenzenes measured, pentachlorobenzene, oxy-chlordane,
photo-mirex, and alpha- and beta-hexachlorocyclohexane. These
were added to the analysis protocol in 1977 or later and in some
cases, were eventually dropped from the protocol.

Colonies for which data have been analyzed are known as
Great Lakes annual monitor colonies. These colonies are: Snake
Isl. (L.Ont.), Mugg's 1Isl.(L.Ont.), Port Colborne Lighthouse
(L.Erie), Middle Isl. (L.Erie), Chantry Isl.(L.Huron), Channel
Shelter 1Isl.(L.Huron), Double 1Isl.(N.Channel/L.Huron), Gull
Isl. (L.Michigan), Agawa - Rock (L.Superior), and Granite 1Island
(L.Superior). .

Temporal variation in contaminant concentrations

During the twelve year period, 1974-1985, the maximum
concentrations of all major contaminants at each site occurred in
1974 and/or 1975. The minimum concentration of most major
contaminants occurred during 1983-1985. The minor compounds did
not show the same uniformity among years for maximum and minimum
concentrations.

By 1985, levels of three of the six major contaminants (DDE,
mirex, and HCB) were reduced by at least 75% of what they were in
1974 at more than half of the sites. Again, minor contaminants
did not show such widespread and extreme reduction since their
first assessment although most have declined. In 1985, nearly all
colony-compound comparisons were at some level less than 100% of
what they were when first analyzed. For some, the reduction was
quite marked (i.e. 44-94% for DDE, mirex and HCB). Only three
compounds showed any increase between the time when they were
first analyzed and °1985: oxy-chlordane, 1,2,3,4-
tetrachlorobenzene and alpha-hexachlorocyclohexane. This
comparison does not necessarily reflect what has happened during
the intervening years of analysis, but only the change between
the end points (1974/1985).

Regression analyses were carried out on 108 colony-
contaminant data sets (13 compounds with 4 or more years of data
X 9 colonies). In years for which sufficient data are available,
all 13 compounds (DDE, dieldrin, heptachlor epoxide, photo-mirex,

3-9



.mirex, HCB, PCB 1254:1260, o-chlordane, 1234-tetrachlorobenzene,
pentachlorobenzene, 1235/1245~-tetrachlorobenzene, a-
hexachlorocyclohexane, b-hexachloro-cyclohexane) showed a
significant decrease on one or more colony sites. Only o-
chlordane and a-HCH showed any increase and these occurred at one
colony site each. Seventy (65%) of the 108 colony comparisons
show a significant decline, 36 (33%) showed no change and 2 (2%)
showed an increase. '

During 1986-1988 some major contaminants (DDE, PCB
1254:1260, mirex, HCB, and dieldrin) increased in 1987 and
decreased in 1988. The sites where these changes occurred were
scattered throughout the lakes. DDE levels at Snake and Mugg's
Island (Lake Ontario), Port Colborne Lighthouse (Lake Erie), and
Gull 1Island (Lake Michigan) experienced these changes. These
changes were also noted in PCB 1254:1260 at Snake and Mugg's
Islands; Port Colborne Lighthouse, and Channel and Double Islands
(Lake Huron); mirex at Snake Island, and Channel Island; photo-

‘mirex at Port Colborne Lighthouse, and Middle Island, Channel
Island and Double Island; hexachlorobenzene at Mugg's Island and
Double Island; dieldrin at Double Island and Gull Island; and
heptachlor epoxide at Agawa Rock (Lake Superlor)

All the minor contaminants measured, exceptAphoto-mlrex,
and all other major contamlnants did not show any substantial
change during 1986-1988.

Geographic variation in contaminant concentrations

- A Kruskal-Wallis one way ANOVA was used to determine
significant rankings of contaminant levels among colonies over 3-
4 year periods. For the major contaminants, the periods were
1974-78 (4 years of data), 1979-81 (3 years) and 1982-85 (4
.Years). For the minor contaminants the latter two periods were
used when data were available.

Mean rank scores (N=3) over all time periods indicated that
Herring Gull eggs from the two Lake Huron colonies (Double and
Chantry Islands) and the colony in western Lake Erie (Middle
Island) had the lowest overall mean ranks (lowest concentrations)
for both major and minor contaminants. The Lake Ontario colonies
(Snake and/or Mugg's Islands) and one of the colonies in Lake
Superior (Agawa Rock) wusually had the highest overall
concentrations. Although Lake Superior colonies are not hlghly
contaminated with major contaminants, the concentrations of minor

contaminants at Agawa Rock are second to those in Lake Ontario.

colonies. Hence, the high ranking for the Lake Superior colony.

The Lake Michigan colony (Gull Island) consistently had the
highest residue levels for DDE, dieldrin, HE and oxy—-chlordane.
'The Lake Ontario colonies had the highest levels for mirex, HCB,
PCBs, 1,2,3,4-tetrachlorobenzene, pentachlorobenzene, 1,2, 3,5/
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1,2,4,5- tetrachlorobenzene and beta-hexachlorocyclohexane.

Summary/Discussion - : -

"From 1974 until 1988, 1levels of DDE, mirex and HCB in
Herring Gull eggs from the Canadian Great Lakes have decreased
over 80%; 1levels of PCBs have decreased 69% while 1levels of
dieldrin have declined 50%. Levels of 2378-TCDD, which have been
monitored only since 1981, have decreased 73%. There has been a
significant decline in the levels of DDE, HCB and PCBs in Herring
Gull eggs from all nine colonies where data was sufficient for
statistical analysis. Mirex and dieldrin have decreased
significantly on seven of nine and six of nine colonies,
respectively. :

In general, contaminant levels in Herring Gull eggs
decreased dramatically from the mid to late 1970's. There was a
notable and still unexplained increase in many contaminant values
in 1981-82. Since that time, the levels have stabilized or
continued their decline but declines have not been '‘as rapid in
the 1980s as during the late 1970s. .




. DOUBLE-CRESTED CORMORANT (Phalacorcorax auritus)
Distribution, Abundance, and Population Trends

Since the first confirmed breeding record of this species in

1920 in Lake Superior, cormorants have spread eastward throughout
the Great Lakes (Cadman et al., 1987). During the 1940s, the
species was so common that controls were instituted because it
was deemed a competitor with local commercial fisheries (Omand,
1947). From ca. 1946 to 1975, cormorant populations on the Great
Lakes seriously declined due to the cumulative effects of first,
the control program, and subsequently, DDT-induced eggshell
thinning (Price and Weseloh, 1986). In the late 1970s, DDT. levels
had declined markedly in cormorant eggs. This species has made
tremendous gains in numbers on the Great Lakes which has
coincided with the decline in DDT levels. From 1981 to 1985, the
Canadian Wildlife Service documented a 270% (3359 nests) increase
in the number of cormorant nests on the Great Lakes (Cadman et
al., 1987). In 1984, on the Canadian side of Lake Huron, Superior
and all of Lakes Ontario and Erie, there were 3659 nests and in
1988, this total had increased to 11093 nests.
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Table 13. Years and sites of collections of Double-crested
Cormorant eggs.

Year Collection Site

1970 Blackbill Island (Georgian
Bay)

1971 Wallis Rock (Georgian Bay)

Blackbill Island (Georgian Bay)
Talon Rock (N.Channel/Lake Huron)
Doucet Rock (N.Channel/Lake Huron)

1972 Big Chicken Island (Lake Erie)
_ Wallis Rock (Georgian Bay)
Gull Rock (N.Channel/Lake Huron)
Talon Rock (N.Channel/Lake Huron)
Bustard Rock (N.Channel/Lake Huron)
Doucet Rock (N.Channel/Lake Huron)
Scotch Bonnet Island (Lake Ontario)

1973 - 'Wallis Rock (Georgian Bay)
‘ : Africa Rock (N.Channel/Lake Huron)

1975 ) : Gull Rock (N.Channel/Lake Huron)
' Africa Rock (N.Channel/Lake Huron)
Doucet Rock (N.Channel/lLake Huron)
Scotch Bonnet Island (Lake Ontario)

1979 | Big Chicken Island (Lake Erie) .
' Africa Rock (N.Channel/Lake Huron)

1981 h Pigeon Island (Lake Ontario)
Little Galloo Island (Lake Ontario)
Big Chicken Island (Lake Erie)

1983 Big Chicken Island (Lake Erie)
Gravel Island (Lake Superior)




Contaminant trends examined

Levels of organochlorine contaminants in Great Lakes
cormorant eggs were first monitored in the late 1960s. At that
time, eggs were heavily contaminated with DDE, PCBs and mercury,
and various parameters of breeding success were low and declining
(Vermeer and Peakall,1977a,b; Postupalsky,1978). The data
analysis presented here and by Weseloh (unpublished) examine
temporal and geographic variations in residue levels in Double-

crested Cormorant eggs at colonies in the Canadlan Great Lakes

only during 1971-1981.

Temporal variation in contaminant concentrations

Significant increases and decreases occurred in
concentrations of eight <compounds (PCB 1260, DDE, mercury,
dieldrin, DDD, DDT, hexachlorobenzene (HCB), heptaclor epoxide
(HE) ) measured in cormorant eggs in 1972, and again in 1979 for
- three colonies on Lake Huron (Africa, Doucet and Gull Rocks) and
Big Chicken Island (Lake Erie). A significant decrease in DDE,
and DDT levels occurred in Lake Huron colonies. Mercury decreased
significantly in the Lake Erie colony, and increased, but not
significantly, in Lake Huron. Levels of PCB 1260, HCB and
heptachlor epoxide increased significantly in Lake Erle. Levels
of PCB 1260 decreased and heptachlor epoxide increased at Lake
Huron but these changes were not significant. Dieldrin 1levels
decreased at Lake Huron, and increased at Lake Erie but not
significantly in either case (Weseloh, unpublished).

Geographic variation in contaminant concentrations

Analysis of variance (ANOVA) and Student-Neuman Keul tests
were applied to contaminant data (PCB 1260, DDE, DDT, heptachlor
epoxide (HE), HCB, mirex) from colonies in 1971, 1972, 1979, and
1981. '

In 1971, 1levels in eggs from Talon Rock (N.Channel/Lake
Huron), Wallis Rock (Georgian Bay/Lake Huron), and Blackbill
Islands (Georgian Bay/Lake Huron) were compared. The Wallis Rock
colony had significantly higher 1levels of DDT and HCB than
detected elsewhere. Levels of other contaminants did not vary
significantly between sites.

Analysis of contaminant data from 1972, for sites described
above, indicate that the range of DDE, DDT and heptachlor epoxide
among colonies was significantly dlfferent overall but no single
site had levels that differed 51gn1f1cantly from any other. 1In
each case, the 1lowest values were obtained from Big Chicken
Island (Lake Erie) and the highest values occurred in colonles in
the North Channnel and Georgian Bay.
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All the major contaminants were detected in eggs collected
in 1979, but levels were not significantly different among the
colonies except for PCB and mirex levels. In Lake Erie eggs, PCB
1260 was detected in significantly higher concentrations than in
eggs from Lake Huron colonies. However, mirex 1levels were
significantly higher in Lake Huron eggs.

In 1981, levels of PCBs were significantly lower at Pigeon
Island (Lake Ontario) than- at all other colonies sampled.
However, Little Galloo Island (Lake Ontario) had significantly
higher mirex concentrations than those found at at Pigeon Island,
which in turn, had higher levels than at Big Chicken Island (Lake
Erie). :

Summary/Discussion

The Double-crested Cormorant has experienced tremendous
changes in population numbers in the past twenty years which are
attributed to changes in DDT levels in their eggs. Trends in
contaminants in this species generally coincide with that found
in gulls and terns in the Great Lakes, but this species and the
Black-crowned Night-Heron exhibited. the most sensitivity to the
effects of DDT. Although decreases in DDT levels have allowed the
population to increase dramatically in recent years, deformities
such as crossed bills, clubfeet, edema, and gastroschisis are
occurring in higher numbers in cormorant populations in Green
Bay, Lake Michigan and Saginaw -Bay, Lake Huron (Gilberston et
al., 1991) than in any of the Canadian cormorant colonies
(Weseloh and Ross, unpublished). This is believed to be linked to
contaminant exposure.




CASPIAN TERN (Sterna caspia)
Distribution, Abundance and Population Trends

Caspian Tern numbers have been increasing in the Canadian
Great Lakes over the past twenty years. However, the distribution
of the Caspian Tern is limited in Canada in that the species only
occurs in Lakes Huron and Ontario. Colonies are also present in
Lake Michigan. '

In 1962, 610 pairs of Caspian Terns nested in the Canadian
waters of Lakes Huron, and Superior, and 525 pairs nested in the
American waters of Lakes Huron, Superior, and Michigan (Ludwig,
1962). A survey of the U.S. Great Lakes in 1976-77 found Caspian
Tern colonies located only in Lake Mlchlgan (Scharf et al.,1978).
In 1976, 1046 nests were present in Lake Michigan. This number
decreased slightly to 998 nests in 1977 for colonies that were
active and undisturbed in both years.

In 1980, 2138 nests of Casplan Terns (Sterna caspia) were
counted throughout eight colonies in Canadian Lake Huron (Weseloh
et al., 1986) This reflects a probable increase of 50% in the
population size during the -previous decade. The increase was
mainly due to the establishment of two new colonles in Lake Huron
during that period.

In Lake Ontario, an increase from 44 nests to 708 occurred
during 1976 to 1987 (Blokpoel and Scharf, 1991). Further growth
of the Caspian Tern population is predicted during the next few
years (Blokpoel and Scharf, 1991). _

Table 14. Years and sites of collections of CaSpian‘Tern eggs.

Year Collection sites
1972 South Limestone Island (Lake Huron)
1980 South Limestone Island (Lake Huron)

Half Moon Island (Lake. Huron)
Cousins Island (Lake Huron)
Isle Aux Galets (Lake Michigan)
Gravelly Island (Lake Michigan)
Hat Island (Lake Michigan)

1981 Pigeon Island (Lake Ontario)
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Contaminant trends examined

Struger and Weseloh (1985a) provide the first and only
discussion of environmental contaminants in this species as they

"relate to reproductive success parameters from the Great Lakes.

The following summary is a condensation of their analysis of
spatial and temporal variation of DDE, mirex, hexachlorobenzene
and PCB 1254:1260.

Temporal variation in contaminant concentrations

South Limestone Island (Georgian Bay) is the only site where
Caspian Tern eggs were collected in more than a single year. Of
the three contaminants detected in eggs in both 1972 and 1980 at
South Limestone Island (DDE, HCB and PCB 1260), DDE and PCB 1260
showed significant declines and the third, HCB, which occurred in
trace amounts, showed no change in concentration.

Geographic variation in contaminant concentrations

In 1980-1981, eggs Wwere collected from three colonies on
Lake Huron, three colonies on Lake Michigan, and one colony on
Lake Ontario (Table 14).

In 1980, DDE levels were significantly higher at Gravelly
Island (Lake Michigan) than at all other sites sampled. There
were no significant inter-colony or inter-lake differences in DDE
detected among the remaining six sites. Eggs from Pigeon Island
(Lake Ontario), had significantly greater concentrations of mirex
than in eggs from all other sites on the Great Lakes. Mirex
levels were similar at colonies throughout Lake Michigan and Lake
Huron with the exception of the significantly higher 1level at
South Limestone 1Island (Lake Huron). Hexachlorobenzene
concentrations were not significantly different among colonies
throughout the Great Lakes. Concentrations of PCB 1254:1260 were
highest at Pigeon Island but were only significantly higher than
levels measured in eggs at one of six colonies, Half Moon Island
(Lake Huron). :

Summary/Discussion

Caspian Tern eggs from Lakes Ontario and Michigan eggs

"appear to be the most contaminated. The occurrence of the highest

levels of PCBs in Lake Ontario eggs and highest levels of DDE in
Lake Michigan eggs among all Great Lakes sampled coincides with
geographic variation found in contamination in Herring Gull eggs.
Limited sample sites and years of sampling preclude discussion of
detailed trends in contamination in Caspian Tern eggs.




COMMON TERN (Sterno hirundo)
Distribution, Abundance, and Population Trends

Common Terns nest on all five Great Lakes. At least 58
Common Tern colonies contalnlng 50 or more nests existed during
1900-1980 or were still active in 1980 in the Lower Great Lakes.
The estimated numbers of nests were 4000-7000 during 1900-1920
and the numbers peaked at 16000 pairs in the early 1960s. The
numbers declined to 5000 pairs in the late 1970s (Courtney and
Blokpoel 1980; 1983). In a comparlson of populations of seven
species of colonial waterbirds in 1960-62 relative to those in
1980, the Common Tern was the only species whose numbers had
declined. Of twenty four colonies for which historical data were
available (33.8% of colonies existing in 1980), the population

had been reduced by a minimum of 42% from 1960-1962 with an -

average decline of 3.8% annually. In 1980, 10775 Common Tern
nests existed on the Canadian and U.S. Great Lakes (Weseloh et
al., 1986). In Lake Ontario, 943 Common Tern nests remained in
1987 in comparison to 1299 nests in 1976. This represents a 2.7%

annual decrease in nests during that period (Blokpoel and. Scharf,

1991).

- In the U.S. Great Lakes, pépulatlons ‘of Common Terns
declined from 2135 nests in 1976 to 1772 in 1977 -(Scharf et al.,

1978). - In 1980, Common Tern populatlons on Lake Michigan -

increased to 1496 pairs from 794 pairs in 1977. This was a result
of increased use of man-made nestlng 51tes in 1980 (Shugart and
Scharf, 1983). :

Reductions in Common Tern populations, especially in the
Lower Great Lakes, are of concern. These decreases have been
attributed to their sensitivity to predation by birds and
mammals, disturbance by humans and their pets,  invasion of
natural nesting areas by Ring-billed Gulls, and pollution of the
aquatic environment (Courtney and Blokpoel, 1980;1983; Blokpoel
and Scharf, 1991). At this time, pollution is belleved to be one
of the less significant factors among those that contribute to
decreases in Common Tern populations.
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Table 15. Years and sites of collection of Common Tern eggs.

Year Collection site
1971 Hamilton Harbour (Lake Ontario)
1972 Mugg's Island (Lake Ontario)

Port Colborne Lighthouse (Lake Erie)
Fighting Island (Detroit River)
Kettle Point (Lake Huron)

1973 Port Colborne Lighthouse (Lake Erie)
Port Colborne Canada Furnace (Lake Erie)
Toronto Islands (Lake Ontario)

1975 Gull Island (Lake Ontafio)
1979 - Fighting Island (Detroit River)
1981 Leslie St. Spit (Lake Ontario)

Port Colborne Lighthouse (Lake Erie)
Fighting Island (Detroit River)
North Limestone Island (Lake Huron)

Contaminant trends examined

The following comparisons of contaminant 1levels on a
temporal basis have been made between the two years for which
collections were most extensive, 1972 and 1981. The only year for
which geographic comparisons have been made is 1981 (Weseloh et
al., 1989).

Temporal variation in contaminant concentrations

Comparisons of DDE and PCB data in 1981 with earlier studies
in 1972 indicate decreases of 73.8-87.3% in DDE and PCB 1260
concentrations. At Mugg's Island (Lake Ontario) in 1972 compared
to Leslie St. Spit (Lake Ontario) in 1981, DDE and PCB 1260
decreased 80.7% and 84.0% respectively. Similar decreases were
evident at Port Colborne (Lake Erie), DDE decreased 82.4% and PCB
1260 decreased 87.3% between 1972 and 1981. At Fighting Island,
PCB 1260 decreased 73.8% between 1981 and 1972 (calculated from
Weseloh et al., 1989). DDE was not measured in eggs from Fighting
Island in 1972.




Geographic variation in contaminant concentration

In 1981, eggs from Leslie St. Spit (Lake Ontario) were more
contaminated with DDE, PpcCB 1254:1260, HCB, dieldrin, and mirex
than eggs from Fighting Island (Detroit River), Port colborne
Lighthouse (Lake Erie), and North Limestone Island (Lake Huron).
However, DDE, dieldrin and t-nonachlor concentrations in eggs
from Leslie St. Spit were not significantly different than those
in eggs from North Limestone Island. DDE 1levels at Fighting
Island and Port Colborne were significantly lower than in eggs
from Leslie St. Spit and North Limestone Island. PcCB
concentrations were significantly higher at Leslie sSt. Spit and
Fighting Island than in Port Colborne eggs and concentrations in
eggs from. these three sites were significantly higher than in

€eggs from North Limestone Island. Levels of mirex were |

significantly greater in eggs from Leslie St. Spit.
Concentrations of mirex, dieldrin and t-nonachlor in eggs from
Port Colborne and Fighting Island were not detectable in more
than half the €ggs analyzed therefore these data were not
included in- the statistical analysis. ,

Eggs from at least one of these colonies also contained
_detectable levels of. oxy-chlordane, cis-chlordane, and toxaphene
however 1less than half of the samples from more than three
colonies did not have detectable levels. Therefore statistical
analysis was not performed on data for these compounds (Weseloh
et al., 1989).

Summary/Discussion

. ‘Common Tern eggs have contained 1lower organochlorine
concentrations than neighbouring species, such as Herring Gulls
and Caspian Terns (Weseloh et al., 1989). '
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BLACK—CROWNED NIGHT-HERON (Nycticorax nycticorax)
Dlstrlbutlonl Abundance, and Populatlon Trends

From the 1900s until the late 19605, Black-crowned Night-
Herons established nesting colonies throughout the lower Great
Lakes. In 1936, well-established colonies were known only in
south-western Ontario with a few nesting pairs in Hamilton and
Toronto (Baillie and Harrington, 1936) By the 1950s, this species
was widespread along the Lower Great Lakes (Baillie, 1951). In
the 1970s, the size of the Great Lakes population quickly
decreased due to eggshell thinning caused by DDT. The Pigeon
Island (Lake Ontario) heronry had 78 nests in 1968 but declined
to 15 nests in 1973 (Quilliam, 1973) and has since disappeared.
Although Black-crowned Night-Heron populations have not been as
well documented as other spec1es on the Great Lakes, this
decline appeared to occur in all other Great Lakes colonies
(Cadman et al., 1987).

The population decline in the Great Lakes was followed by a
period of recovery during the 1980s (Cadman et al.,1987). The

estimated total number of nests in Ontario was 8430 in the early

1980s (Peck and James,1983), the majority of - -which occurred on
the lower Great Lakes (Cadman et al., 1987) Black-crowned Night-
Herons appear to be increasing again. in their distribution and
abundance in the Great Lakes (Burgess et al., unpublished).

Table 16. Years and sites of collections of Black-crowned
nght-Heron eggs.

Year : ' Collection Site
1972 _ Pigeon Island (Lake Ontario)
1982 Pigeon Island (Lake Ontario)

Little Galloo Island (Lake Ontario)
Niagara River

Middle Island (Lake Erie)

Chantry Island(Lake Huron)

1986 . Niagara River
Middle Island (Lake Erie)
Walpole Island (Lake St.Clair)




Contaminant trends examined

. Temporal changes in contaminant levels in eggs from Pigeon
Island (Lake Ontario) in 1972 to 1986, and Middle Island(Lake
Erie) and the Niagara River in 1982 to 1986 were examined.

The only report discussing geographic variation in
contaminant levels in eggs of Black-crowned Night-Herons from the
Great Lakes concerns five heronries sampled in 1982 (Weseloh et
al., 1986). Only data from 1982 have been analyzed since only one
colony/year had been sampled in other Years, except in 1986, and
in that year statistical analysis was deemed inappropriate
.because there was only a single egg collected from each heronry.

Temporal variation in contaminant concentrations

In 1972, seven organochlorine residues as well as mercury
were detected in Night-Heron. eggs. By 1986, mercury was not
detectable however a total of 19 organochlorine chemicals were
found in eggs in all three heronries sampled. Thus, while mercury
dropped to non-detectable levels between 1972 and 1982, there was
a increase in the array of detectable contaminants. Among the
chemicals found in eggs in both 1972 and 1982 at Pigeon Island,
DDE, PCB 1260 and hexachlorobenzene had all declined between the
two sample years by greater than 50%. However, by 1982, dieldrin
‘showed no change, and DDT and heptachlor epoxide had increased by
greater than 500% as compared to 1972.

In Lake Erie at Middle Island, 11 of 13 compounds (a-and o-

chlordane, HCB, DDE, DDD, DDT, dieldrin, heptachlor epoxide, b- . .

hexachlorocyclohexane, mirex, t-nonachlor, PCB 1260, and PCB
1254:1260) decreased in concentration between 1982 and 1986, some
as much as 88%, and 2 of the 13 compounds showed no change in
- concentration. At the Niagara River and between the same years,
only 6 of 13 chemicals decreased, 2 chemicals increased in
concentration, and 5 did not show any substantial change. The
chemicals t-nonachlor and PCB 1254:1260 increased 268.5% and
76.5% respectively. :

Geographic variation in contaminant concentrations

Eggs from Pigeon and: Middle islands were analyzed
individually while eggs from Niagara River, Little Galloo Island
and Chantry Island were analyzed as pooled samples. Therefore
- statistical analysis is limited to comparisons between Pigeon and
Middle Islands.

DDE and mirex levels were significantly higher at Pigeon
Island than at Middle 1Island. Residue levels for all other
compounds measured (dieldrin, heptachlor epoxide, o-chlordane, a-
hexachlorocyclohexane, b-hexachlorocyclohexane, 1234-
tetrachlorobenzene, 1235/1245~-tetrachlorobenzene, penta-
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chlorobenzehe, hexachlorobenzene, and PCB 1254:1260) were not
significantly different between the two colonies. :

The Niagara River and/or Pigeon 1Island had the highest
levels of all contaminants compared to all other colonies.
Following these two sites, Little Galloo Island, Chantry Island,
and Middle Island were ranked most to least contaminated.

Summary/Discussion

Most contaminant levels in Black-crowned Night-Heron eggs
have been reduced greatly in Lake Ontario since the early
seventies although decreases in the eighties have not been
pronounced. There have . also been some notable increases  in
certain compounds at both the Pigeon Island and Niagara River
colonies.

As with the Herring Gull data, contaminant levels in Night-
Heron eggs in Lake Ontario are higher than those in Lake Erie and
Lake Huron..
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RING-BILLED GULI, (Larus delawarensis)
Distribution, Abundance, and Population Trends

The population of the Ring-billed Gulls on the Great Lakes
were fairly stable from 1940 to 1960 and was estimated at 27 000
pairs (Ludwig, 1974). By 1967, populations had increased five-
fold to 141 000 pairs and the species had extended its breeding
range from Lake Ontario and Huron to Lake Michigan (Blokpoel and
Tessier, 1986). Nesting populations had increased to 281 000 by
1976 on the entire Great Lakes. In 1984, the estimated population
had more than doubled again to 648 000 pairs. This represents an
average annual increase of 11% from 1976-1984 (Blokpoel and
Tessier, 1986). Nest counts since 1984 in the Great Lakes have
not indicated any signs of population decline for this species
and it is now considered by some as a problem species in the
Great Lakes.

Table 17. Years and sites of collections of Ring-billed Gull

eggs.
Year ' ' Collection Site
1979 Mugg's Island (Lake Ontario)

’ Fighting Island (Detroit River)
1984 . Hamilton Harbour (Lake Ontario)

Fighting Island (Detroit River)

Contaminant trends examined

Student t-tests were applied to contaminant concentrations
to assess differences in the levels among sites in Lake Ontario
.and the Detroit River in 1979 and 1984.

Temporal variation in contaminant concentrations

Concentrations of all but three compounds measured in both.
1984 and 1979 were higher in 1979 at Fighting Island (Detroit
River). Compounds measured in both years were DDE, DDT, dieldrin,
heptachlor epoxide (HE), PCB 1260,. PCB 1254:1260, DDD, mirex,
hexachlorobenzene (HCB), a-chlordane, o-chlordane, and b-hexa-
chlorocyclohexane. Levels of HCB, a=-chlordane, . b-hexa-
chlorocyclohexane were significantly higher in 1979 and levels of
o-chlordane, "and mirex were significantly higher in 1984.
Concentration of HE was higher in 1984 but not significantly
different than 1979 levels.
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Levels of all chemicals measured in 1979 at Mugg's Island
(Lake Ontario) and 1984 at Hamilton Harbour (Lake Ontario) were
highest at Mugg's Island except DDE, DDT and o-chlordane.
Compounds measured at these sites in both years include all
compounds measured at Fighting Island (above) except a-chlordane.

Geographic variation in contaminant concentrations

Concentrations of HE, mirex, photo-mirex, o-chlordane, b-
hexachlorocyclohexane, DDD, DDE, DDT, dieldrin, PCB 1260, mirex,
PCB 1254:1260, and a-chlordane were measured at Fighting Island
and Mugg's Island in 1979. Mugg's Island had higher levels of all
compounds than Fighting Island except DDT. Levels of HE, mirex,
photo-mirex, o-chlordane, b-hexachlorocyclohexane were
significantly higher at Mugg's Island as compared to levels at
Fighting Island.

In 1984, Hamilton Harbour had higher concentrations of
twelve of eighteen chemicals compared to Fighting Island. The
chemicals measured at both sites in 1984 include all of those
measured ‘at Mugg's and Fighting Islands in 1979, as well as g-

chlordane, 1234-chlorobenzene, pentachlorobenzene, t-nonachlor,
"a-hexachlorocyclohexane, and 1235/1234-chlorobenzene. Levels of

DDD, DDE, PCB 1260, HCB, mirex, a- and g-chlordane, and t-
nonachlor were significantly higher at Hamilton compared to
Fighting 1Island. Levels of 1234-chlorobenzene, penta-
chlorobenzene, 1235/1234-chlorobenzene, a-hexachlorocyclohexane
were significantly higher at Fighting Island and b-
hexachlorocyclohexane concentrations were about equal at Hamilton
Harbour and Fighting Island. '

Summary/Discussion

Contaminant levels in Ring-billed Gull eggs have decreased

substantially in most cases since their first analysis in 1979.
Lake Ontario eggs, in particular, those from Hamilton Harbour,
are clearly the most contaminated among the limited number of
sites sampled.

Contaminant 1levels are not measured regularly in this
species due to Ring-billed Gulls' migratory habits and more
omnivorous diet (Section 4, Table 19, Page 4-13) than the
Herring Gull. Hence, among the gull species of the Great Lakes it
is more relevant to use Herring Gull eggs as indicators of
contamination in forage fish of the Great Lakes.




FORSTER'S TERN (Sterma forsteri)
Distribution, Abundance, and Population Trends

The Forster's Tern is endemic to North America, breeding
primarily in prairie regions (Godfrey, 1986). There is a small
breeding population in the Canadian Great Lakes located at two
main areas, Walpole Island (St.Clair River) and Long Point (Lake
Erie), with smaller colonies at Kettle Point (Lake Huron), Point
Pelee and Rondeau Harbour (Lake Erie) (Cadman et al., 1987).
Since 1976, this species has been documented at three locations
in Ontario comprised of six colonies and average colony size was
six nests (Peck and James, 1983). At Walpole Island, four sub-
-colonies containing a minimum of 27 nests were found in 1988
(McNicholl, 1988). '

Table 18. Years and sites of collections of Forster's Tern eggs.

Year Collection Site

1986_. o . Long Point (Lake Erié)_ S
Walpole Island (St.Clair River)

' Contaminant trends examined

- The sample size for this species is comprised of one egg
from each of the two sites and therefore were not suitable for
statistical analysis. These results should be regarded as
baseline records from which future measures of contaminant levels
can be compared.

Geographic variation in contaminant concentrations

Contaminant levels at the two sites were similar. The levels
of PCB's at the Walpole Island site were marginally greater than
Long Point eggs. Most contaminants at both colonies were found in
low or trace amounts. A total of 15 residues (i.e. 50% of those
measured) were detected. '
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Section 4.
Diets of Selected Colonial Fish-eating Birds of the Great Lakes




Index to Diéts of Selected Colonial Fish-eating Birds of
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Abbreviations specific to Table 19.

a = abundant (food item had frequency of occurrence
>50% within the total sample)

c = common (food item had frequency of occurrence
between 10 and 50% within the total
sample) |

u = uncommon (food item had frequency of occurrence
between 0.1 and 9% within the total
sample)

x = food item was present in the sample but percent
frequency of occurrence was not reported.

Xx = sample type used in study

The lack of a letter or number accompanying the food item , |
indicates that the food item was NOT found in the sample.



"LIST OF SCIENTIFIC NAMES SPECIFIC TO TABLE 19
Common fish names are listed in the alphabetlcal order (see name in
b@ld) and all others are listed afterward in the order in which they
appear on Table 19.

alewife Alosa pseudoharenggs
rock bass Ambloplites rupestris

smallmouth Micropterus dolomieuj
bass A "
bullhead Ictalurus nebulosus
burbot Lota lota
catfish sp. Ictalurus sp.
lake northern Cousesius plumbeus
chub
johnny darter Etheostoma nigrum
drum sp. Aplodinotus sp.
freshwater Aplodinotus grunniens
-drum :
herring Coregonus sp.
bluntnose . Pimephales notatus
Rinnow.
- fathead - : E;meggales promelas
minnow :

minnow sp. Notropis sp.
trout perch Percopsis omiscomaycus
yellow perch Perca flavescens

northern pike Esox lucius
pumpkinseed . Lepomis gibbosus
sculpin sp. Cottus sp.
slimy sculpin Cottus cognatus

spoonhead Cottus ricei

- sculpin

emerald shiner Notropis ‘atherinoides
golden Notemigonus crysoleucas
shiner

spottail . Notropis hudsonius
shiner :

common Notropis cornutus
‘'shiner

smelt Osmerus mordax
ninespine Pungitius pungitius
stickleback '
sucker sp. Catostomus sp.
longnose Catostomus catostomus
sucker : _

lake trout Salvelinus namaycush
common Coregonus clupeaformis
whitefish




-frog

true bugs
beetles
butterflies
flies

wasps, bees,
ants ‘
mayflies
cicadas, -
leafhoppers,
scale insects
spongilla
flies
peamouth
dragonflies
caddisflies
grasshoppers

Rana pipiens
Hemiptera
Coleoptera
Lepidoptera
Diptera

" Hymenoptera

' Ephemeroptera

Homoptera

Neuroptera

Mylocheilus caurinus

Odonata
Trichoptera

- Orthoptera




Table 19. Diets of selected fish-eating birds of the Great Lakes.

HERRING GULL

Reference

Fox et al.,
1990

Fox et al.,
1990

Fox et al.,
1990

Study Site Gull Scotch . Snake West

Island, Bonnet Island, Brother .
. Island, ’ Island,

L.Ontario L.Ontario L.Ontario L.Ontario

Study date April-June April-June April=June April-June
1977 1977 1977 1977
Percent Frequency of Occurrence in total sample

Food

Item

Total Fish 57.5 68 41,2 63.6

Total Mammal 15.5 . 48,1

Total Bird 9.2 16.9 0.8

Total Insect ' 36.8 36.1 56.7

Crustacean,

Earthworm, and

Plant material 7.5 15.2 7.8 6.0

Sample

type

-food pellets XX XX XX XX

Sample

size (N) 174 722 524 187

Sample type

-food pellets XX XX XX XX

Fox et al.,
1990




HERRING GULL

Study Site Lake Fighting Lake Georgian

Erie Island, Huron Bay
Detroit R. -
Study date 1979-81 Mar.-April Mar.-April Mar.-April
1978-81 1980-81 1980-81

Percent Frequency of Occurrence in total sample

Food

Item

Total Fish 76 73 5 5

Total Mammal 5 78 25

Total Bird 1 2 10 13_

Total

Invertebrate 1. 5 2 4

Total Plant 16 1 -4

Total -Garbage 19 3 47

Sample type

-food pellets XX T XX XX XX

Sample Size (N) 231 85 167 135

Reference Ewins, Ewins, Ewins, Ewins,
et al., et al., et al., et al.,

(in press)

(in press)

(in press)

(in press)




F'ggggfgfwm"

HERRING GULL

Study Site Hamilton = Little Scotch Niagara
Harbour, Galloo Bonnet River,
Island, Island,
L.Ontario L.Ontario L.Ontario
Study date 1982,1990-21 1282,1990=-91 1982,19%0-91 1282-83

Percent Frequency of Occurrence in total sample

Food
Item
Total Fish 60 94 o8 50
Total Mammal 23 9 4 1
Total Bird 26 7 18 16
Total : )
Invertebrate 7 3 5 30
Total Plant 57 38 21 15
Total Garbage 62 7 . 7 45
Sample
type -
=food pellets XX XX XX XX
Sample _ : ,
size (N) 121 152 224 151
Reference Ewins, Ewins, Ewins, Ewins,
- et al., et al., et al., et al.,
(in press) (in press) (in press) (in press)




DOUBLE-CRESTED CORMORANT

Study Site Gull - Eagle
Island, Island,
Lake Lake
Superior Superior

Study year 1984 : 1984

Percent Frequency of Occurrence in Total Sample

Food
Item
Total Fish 99.6 99.1
-alewife
-smelt u ' u
-yellow perch
-ninespine c
stickleback
=burbot c c
-slimy sculpin c c
-lake northern- c u
chub
-spoonhead c . u
sculpin
-sculpin sp.
-trout perch u
~longnose u u
sucker
-lake - u u
trout
-Menominee u’ u
whitefish
—-common u u
whitefish
-herring ‘u u
-sucker sp.
Total . 0.4 0.9
Invertebrate
Sample
type
~food pellets XX XX
-regurgitations xx - . XX
Sample
size (N) 150 : 150
Reference Craven Craven
and Lev, and Lev,
1987 1987



]
CASPIAN TERN ' ‘
Study Site Pigeon South Little ' ‘
Island, Limestone Island, George Island,
L.Ontario Georgian Bay Lake Winnipeg
Study date 177 1980 1971 l |
Percent Frequency of Occurrence in total sample
Food .
Item
Total Fish 100 100 100
-alewife a X
-smelt u X
-yellow perch c X
-smallmouth '
bass u X
-golden -
shiner u : l
-pumpkinseed u X
-rock bass u b4 T
-northern pike x
-ninespine '
stickleback b4
-emerald ‘
shiner X .
Total Bird 0.3
Total Insect 6.0 '
Eggshell 3.2 l
Sample
type _ ‘
-food pellet XX XX l
-adult to
chick feeding
observations XX l
Sample
size (N) 46 784 l
Reference Allan, Quinn, Vermeer,
1977 1980 1973 .
4-10 '




| COMMON TERN
{ I Study Site Little Leslie Sst. Tower
| George Island, sSpit, Island,
Lake Winnipeg : L.Ontario Niagara R.
l Study date 1971 : : 1979 - 1979
Percent Frequency of Occurrence in total sample
. Food
Itenm
l Total Fish " 35.4 * 100 100
-alewife , a
-smelt c a
' =trout perch u
-emerald _
shiner ‘ u a
' -spottail ' : <
shiner . u u
=common’ o ‘ ‘ :
shiner
. =bluntnose o _
minnow - . o e
-fathead ' :
' minnow : : oo
Total Insect 92.3
l Sample
| type
‘- -food pellets XX
l -birds observed .
carrying food XX XX
~found on
l colony grounds XX XX
Sample
' size (N) 316 888 257
. Reference Vermeer, Courtney Courtney
1973 ' and and
l Blokpoel, Blokpoel,
1980 1980

* = fish species occurring in sample were not identified.




BLACK-CROWNED NIGHT HERON

Study Site Tommy West
. Thompson Pk. Sister .
L.Ontario Island,L.Erie
Study date 1988 1972

Percent Frequency of Occurrence in total sample

~“Food ltem
Total Fish 88.2 100
-alewife c
-smelt
-goldfish u
-white
perch u
-pumpkinseed u
-johnny darter u
-minnow sp. -N
~ -catfish sp. a
-herring sp. c
. -perch sp. c
-drum sp.
Total Mammal 3.9
Total Bird 19.1
Total Amphibia 0.6
-frog u
Total Crustacea 7.9
-crayfish u
Total Mollusc 0.9
-snail u
Total Insect 17.6 36.8
Sample type
-food pellets XX
-regurgitations xx
-gizzard contents xx
-stomach contents XX
Sample size (N) 330 19
Reference Burgess Hoffman,
et al. 1978
(unpublished)




RING-BILLED GULL ‘ : :
Study Site Gull Compilation of data

Island; from three study sites:
: L.Ontario Isle aux Galets, Bird Island,
Study date April 1977 and Rogers City, Lake Michigan
1971
- Percent Frequency of .Occurrence in total sample
Food Item
Total Fish 55 62.2
-alewife a X
-smelt c
-yellow perch .u X
-pumpkinseed u
-rock bass u x
~-stickleback X
-minnow sp. p'4
Total Bird 10
Total Amphibia 2b
Total Crustacea 20 - ' 1.2
Total Mollusca 20
Total Annelida ' : : 5.2
Total Insect 10 64
-true bugs u .
-cicadas, u el
leafhoppers
scale insects
-beetles u
—caddisflies u u
-butterflies u c
-flies - u c
-wasps, bees, u c
ants
-mayflies u u
-dragonflies u
-grasshoppers ua
-spongilla flies u
Total Plant 20
Sample type -
~-food pellets XX
-regurgitations ' XX
Sample size (N) 38 232
Reference Allan, 1977 Jarvis and Southern, 1976
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FORSTER'S TERN

Study Site

Study date

_ Delta,

Manitoba Pk., Lake Manitoba

1971 .

Percent Frequency of Occurrence in total sample'

Fodd
Item

Total Fish
-pumpkinseed
-peamouth
-fathead

minnow

Total Amphibia.
=frog

Total Crustacea
-crayfish

Total Insect
-dragonflies
-caddisflies
-grasshoppers

- Sample type

KX XX XX XP

KX XX

-summary of food items in diet from published reports

Sample size (N) .

Reference

McNicholl,
1971
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