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The Great Lakes Water Quality Agreement Defines

Beneficial Use Impairments (BUIs) for AOCs and Lakes:

Wildlife Populations
Bird and Animal Reproduction and Deformities

This project is reassessing wildlife-related BUIs in colonial
waterbirds in the Saginaw Bay and the River Raisin AOCs
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Figure 21: Five year median concentrations of total PCBs in herring gull (Larus argentatus) eggs collected from 33
breeding colonies in Michigan and Canada, 2002-2006. Bowerman et al. 2011. Report to Michigan DEQ
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Figure 16: Median concentrations of total PCBs in herring gull (Larus argentatus) eggs collected from 29 breeding
colonies in Michigan and Canada, 2002-2006. Bowerman et al. 2011. Report to Michigan DEQ
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Figure 16: Median concentrations of total PCBs in herring gull (Larus argentatus) eggs collected from 29 breeding
colonies in Michigan and Canada, 2002-2006. Bowerman et al. 2011. Report to Michigan DEQ
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Figure 3: Five year median concentrations of TEQ in herring gull (Larus argentatus) eggs collected from 10 breeding
colonies in Michigan, 2002-2006. Bowerman et al. 2011. Report to Michigan DEQ
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Study Objectives

* To investigate population-level effects associated with
contaminants in Great Lake fish-eating birds by
assessing breeding numbers and reproductive rates
(e.g., embryonic mortality, deformities, productivity)

* To investigate immunological functions associated with
potential population-level effects

* To investigate these endpoints in certain species (e.g.,
Caspian terns) whose conservation status is of special
concern

BRI R SR PR LS Dot

* To compare effects endpomts 'measured in this study
with contaminant concentrations in bird eggs

e






Embryonic Non-viability is Elevated in Herring
Gulls at the Saginaw Bay and River Raisin AOCs
and Grand Traverse Bay during 2010, 2012-17
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Mostly infertile at reference site, with elevated infertility and embryonic death at AOCs




Embryonic Non-viability is Elevated in Herring
Gulls at the Saginaw Bay and River Raisin AOCs
and Grand Traverse Bay during 2010, 2012-17

Table 1. Relative risk ratios for incidence rates of embryonic nonviability,
fertility, and failed development in herring gulls in the Saginaw Bay and River
Raisin AOCs and Grand Traverse Bay compared to the reference site (Pipe Island

Twins) during 2010-17.

Relative Risk Ratio (one way exact p-value)

Location Overall
Nonviability Infertile®

Failed Development®

All contaminated sites  2.48 (0.0006) 2.47 (0.0053)
combined

2.82 (0.012)

Saginaw Bay AOC
Both islands combined 2.13 (0.0062) 2.25 (0.016)

SB CDF 2.12 (0.010) 2.09 (0.036)

Little Charity Island 2.16 (0.014) 2.51 (0.015)

2.26 (0.055)
2.44 (0.047)

1.98 (0.13)

River Raisin AOC 2.71 (0.0005) 2.41 (0.013)

3.67 (0.0034)

Grand Traverse Bay 4.07 (0.0001) 4.52 (0.0007)
(Bellow Island)

3.30 (0.044)

aincludes undetermined eggs that were either infertile or early failed







Cross-billed colonial waterbird chicks and embryos observed at AOCs during this study: herring gulls at
Monroe in 2012 (A), 2013 (B), and 2016 (C); a Caspian tern on L. Charity Is. in 2016 (D); herring gull embryos
on the SB CDF in 2016 (D) and L. Charity Is. in 2017 (E); and a cormorant on L. Charity Is. in 2017 (G).




Growth is Variable but Often Low in Herring ;"'"'

Gull Chicks at AOCs and Grand Traverse Bay

A) Herring Gull

30- Site: p< 0.0001
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Growth is Variable but Often Low in
Caspian Tern Chicks in SB AOC _

B) Caspian Tern

20 ANOVA
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Overall Reproductive Success is Variable but
Sometimes Very Low at AOCs

B ian T .
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Immunotoxicity of PCBs and Dioxins

 Many mechanisms of immunotoxicity
— Thymic atrophy and suppressed T cell function

* Acute, chronic, and developmental exposure
— Altered antibody responses (often acute exposure)
— Decreased/increased lymphocyte proliferation in vitro
— The developing immune system is particularly sensitive

* Associated with increased infections:
— Mallard ducklings challenged with duck hepatitis virus
N e Thammalecetaceans and pinnipeds
— Norwegian glaucous gulls--intestinal nematodes

— Inuit children in northern Quebec--ear infections
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S|m|Iar to human tuberculm sk|n test :

One of the most common immune assays in
avian immunotoxicology and immuno-
ecology

— Low response = low survival in wild birds



T Cell-Mediated Immunity is Severely Suppressed at
both AOCs and in Grand Traverse Bay

including three species in Saginaw Bay

A) Herring Gull B) Caspian Tern C) Black-Crowned Night Heron
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Anti-SRBC Antibody Response is Suppressed

in Herring Gulls in the River Raisin AOC and
Grand Traverse Bay

G- A) Herring Gull ANOVA Site:

Total p<0.0006 £ | B) Caspian Tern ANOVA Site:
IGG p<0.0001 Total p<0.0002
IGG p<0.02
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Ecological Significance of a Suppressed Immune
Response in Wild Birds

e 12 studies on immune response and subsequent survivorship (9 PHA)
— “The relationship between immune response and survival
accounted for 18.4% of the variance, while three other studies of
potential predictors of survival (secondary sex characteristics and
symmetry) only accounted for 1.4, 1.5 and 6% ... Thus, immune

response is by far the best predictor identified so far.”
(Moeller & Saino 2004, Oikos 104:299-344)

Parameter Standard

o Another meta—ana|y5is ConCIUded that Fixed effect estimate  error { statistic
higher PHA responses in nestlings L o s 040
Log,,(Annual fecundity’ 1-55
increased the probablllty of establishing Eeoloty Y
R N e A A O R T e P a3 SR e R Hz'lbitatgenera.]ism 1-11
a new focal population, presumably Sl 04

because a strong immune system helped [

Immune response

fight novel diseases (Moe”er & Cassey 2004' estlingT-cellresponse

cu -cell response

J Animal Ecol 73:1035-42) *P < 0:05, **P < 0-01.




Discussion

 The observed reproductive and immune impairments are consistent
with past studies showing associations with legacy pollutants (PCBs
and dioxins)

Index=0.42-0.50log, (PCB)
* R?=0.45, P<0.0001
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* Another component of thls study is examlnmg contaminants of
emerging concern (CECs) at these sites

* This study provides a set of assessment tools for work at other AOCs
~or contaminated sites with colonial waterbird colonies



Summary

Grand Traverse Bay

Herring gulls at Grand Traverse Bay, a site

with high PCDDs and DDE, showed

impairments in immunity and reproduction
Elevated embryonic nonviability, including

both infertility and failed development, in gul's

Low growth rates

Suppressed T cell-mediated immune response
Suppressed total antibody and IgG responses
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Herring gulls, Caspian terns, and black-crowned
night herons exhibited health and reproductive

impairments, consistent with past studies

* Embryonic nonviability, primarily infertility but also
failed development, was elevated in gulls

* Terns had lower overall productivity in the AOC
when compared to reference sites

* Growth of tern chicks was significantly lower on the
SB CDF than the reference site

e Suppressed T cell-mediated immunity was
demonstrated by herring gulls, Caspian terns, and
black-crowned night herons

, Severn Sound <>
Collingwood _» ¢ Bay of
Harbour >~ Port Quinte
Hope Harbour -
River Raisin AOC

Herring gulls exhibited health and reproductive

impairments, consistent with past studies

e Embryonic nonviability, including both infertility and
failed development, was elevated in gulls in the
River Raisin AOC

 Complete reproductive failure in one year, and low
chick productivity in three other years

* Low growth rates in gull chicks in 5 out of 7years

e Suppressed T cell-mediated immune response

e Suppressed total antibody and IgG responses
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